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Reuse Technologies Module-Learning Objectives and Outcomes

Upon the successful completion of this training, trainees will and should be 
able to:
• Be familiar with the standard that allow reuse of Wastewater in different 
sectors.
• Be familiar with the appropriate wastewater treatment technologies.
• Provide solutions to bottlenecks as a result of reusing treated wastewater 
in the region.
• Be familiar with the efficient Irrigation System Adapted.
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1

Module One:Wastewater collection technologies
(onsite and conventional)

1.1 Introduction
Wastewater is considered as a reliable resource when it comes to valuable 
water and nutrients. However, wastewater is associated with some health 
hazards including pathogenic microorganisms as well as some other chemical 
constituents. Risks associated with such hazards need to be minimized and/or 
well managed. Since wastewater is typically used for agricultural production 
at regional level, it should be noted that raw wastewater can still be utilized 
provided that risk management plans are well developed and implemented. 
Alternatively, wastewater can be collected and treated before agricultural 
valorization. This chapter is mainly providing a general and very basic de-
scription of some wastewater collection and treatment systems. In any case, 
treatment option shall be selected based on the required effluent quality as 
stated by legislations at each country without neglecting socio-economic con-
siderations. It should be kept in mind, that the herein presented options do 
not cover all available treatment technologies due to the nature of the target 
group. Additionally, neither design considerations nor system modifications 
are presented in module one and two.
   
1.2 Wastewater collection systems
Wastewater collection systems convey wastewater from its generation source 
to the point where the wastewater is treated. A variety of collection systems 
are available and this section will only be oriented to gravity sewer systems. 
Selection of the most appropriate system will depend on the characteristics 
of the community to be served. 

1.2.1 Conventional gravity sewers
This system consists of underground network pipes, which are provided with 
inspection and maintenance manholes. Moreover, the pipelines are usually 
installed beneath the surface of the roads (public property). The pipelines are 
installed with a certain slope in order to keep the minimum velocity required 
for solids flushing. Accordingly, deep excavations might be needed. In some 
cases, pumping stations might be required. Advantages and disadvantages of 
this system are presented in Table (1).
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Table 1: Advantages and disadvantages of conventional gravity sewer networks

1.2.2 Solids-free sewers
In such system, only liquid fraction of wastewater is received and therefore, 
solids are separated from wastewater using interceptor tank that is installed 
at each household upstream of the sewer network. The system is already ap-
plied in many countries including Australia, Nigeria, Zambia, USA and others. 
The main idea of the system is to prevent having deep excavations to main-
tain the slope required to flush the solids. Accordingly, shallow networks that 
are designed to flow under full flow conditions can be applied. This system 
is generally used in areas where water consumption and wastewater gener-
ation are limited. A main requirement for this system is to have a difference 
in elevation between the upstream and the downstream ends. In this case, a 
continuous downward slope is not required. Advantages and disadvantages of 
this system are presented in Table (2). 
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Table 2: Advantages and disadvantages of solids-free sewer system

1.2.3 Simplified sewer system 
The main difference between the simplified sewer system and the solids-free 
sewer system is that in simplified systems, individual household interceptors 
are not required. Instead, a grit and a grease traps are used to prevent clog-
ging of the sewer system. Additionally, a continuous downward slope is need-
ed in simplified systems. Sufficient water supply and wastewater generation 
are also needed in order to provide self-cleaning of the network. However, 
manholes are not required in the simplified systems and pipes are usually laid 
within the property boundaries. Advantages and disadvantages of the system 
are presented in Table (3). 
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Table 3: Advantages and disadvantages of the simplified sewer system
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Module Two: Wastewater treatment technologies
(primary, secondary, tertiary treatment)

2.1 Wastewater Treatment options 
This section is intended to cover biological wastewater treatment technol-
ogies and to present some examples on the most popular technologies that 
are found in the region. However, and due to the very limited time provided 
for such section, wastewater characteristics and sludge management options 
are not covered, although they present a significant and a crucial element in 
full treatment scheme.  Additional and detailed information can be found in 
Metcalf & Eddy (2014). The section also presents some selected options with-
out differentiating between small-scale or large-scale systems or between 
different wastewater streams. Accordingly, the main purpose of this section 
is to give an overview of some treatment technologies for non “wastewater 
treatment” experts in order to reduce the gap between upstream and down-
stream experts when it comes to wastewater management. 

2.1.1 Treatment phases
Wastewater treatment generally consists of four phases: preliminary treat-
ment, primary treatment, secondary treatment and post-treatment (or pol-
ishing). In some cases, primary and secondary treatments are combined to-
gether and might be termed “main treatment”. Each phase is important in 
the overall functioning of the treatment plant. A flow diagram of a regular 
wastewater treatment plant is shown in Figure (1), and the following is a brief 
description of the main phases/steps.

Figure 1: A flow diagram of typical municipal wastewater treatment plant

2
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2.1.1.1 Preliminary treatment 
Preliminary treatment usually consists of screens and a grit removal step. 
Large solids that enters the sewer network, such as plastics, textiles and pa-
per are retained by screens to prevent clogging or damage mechanical parts 
downstream the treatment line. Grit is small inert material, mostly sand, that 
can accumulate in the treatment unit and reduce its effective volume. In 
stabilization ponds for instance, grit accumulates close to the inlet, possibly 
causing localized problems such as clogging or/and sludge build-up. Accord-
ingly, the anaerobic pond(s) should be designed with extra depth at the inlet 
zone or they should be de-sludged more often, when no separate grit removal 
step is planned. The screens and grit chamber may be covered and equipped 
with air filters to avoid odor nuisances associated with raw wastewater. Costs 
and efforts for proper operation and maintenance of screens and grit remov-
er worth the investment, since both steps are intended to prevent problems 
downstream. The preliminary step is not always located at the treatment 
plant and can be placed at household level, by installing small screens and/
or septic tanks. Solids retainment at household levels makes it possible to 
apply a solids-free sewer, as discussed earlier. It is important to note that any 
intervention at household level requires alteration in operation and mainte-
nance of sewer system practices as compared to the conventional systems. 
In solids-free sewer system, proper solids handling at the household level is 
crucial (e.g. desludging of tanks, etc.). Moreover, household’s behavior might 
need to be changed.  

2.1.1.2 Primary treatment
Primary treatment basically targets removal of solids by sedimentation and is 
achieved using a clarifier (sedimentation tank). The solids retained by primary 
sedimentation tank originate from fresh wastewater, and are thus by nature 
untreated and non-stabilized. Accordingly, primary sludge has a high risk of 
creating odor problems. This is especially unwanted at small scale treatment 
plants that are close to settlements. Primary clarifiers can be excluded from 
the wastewater treatment plant in small scale systems or when wastewater 
does not contain high concentrations of settleable solids. Moreover, anaerobic 
reactors (as will be explained latter) are often function as primary treatment 
as it combines both solids physical removal and secondary treatment (conver-
sion of solid and soluble organics). 

2.1.1.3 Secondary treatment
Secondary treatment aims at conversion of the biodegradable organic mate-
rial found in wastewater. When anaerobic treatment processes are applied, 
the organic compounds are converted into CH4, CO2 (and a limited amount 
of sludge), whereas in aerobic treatment systems (mainly activated sludge 
plants), only CO2 is formed in addition to a large amount of sludge. Natural 
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treatment systems such as constructed wetlands (CWL) produce CO2 and bio-
mass in the form of plant material. Both aerobic and anaerobic processes take 
place in natural treatment systems as will be described latter. 

2.1.1.4 Post treatment 
Post treatment is sometimes termed tertiary treatment and consists of the 
technology which renders the effluent suitable for use or discharge. Such 
technology aims at pathogens removal. In some cases, it also includes nitrogen 
and phosphorus removal. Pathogens removal can be achieved by disinfection 
using a variety of options. In small-scale WWTPs the most used disinfection 
technical solutions are chlorination and UV-light exposure. Natural die-off in 
maturation ponds (natural systems) is another alternative. The benefit of not 
requiring additional equipment and/or chemicals should be balanced against 
the substantially higher footprint needed for maturation ponds.

2.1.2 Description of the main biological treatment systems
2.1.2.1 Anaerobic treatment 
Anaerobic wastewater treatment has many different advantages: firstly, or-
ganic matter can be removed in a compact system; secondly, biogas -as an 
energy source- can be generated; thirdly, no energy consumption (apart from 
pumping) is required; and fourthly, minimal sludge production is expected as 
compared to aerobic systems. From purely technological perspective, anaero-
bic systems are the preferred main treatment option for highly concentrated 
wastewater such as is found in many areas in the region. For instance, options 
might include the Upflow Anaerobic Sludge Blanket reactor (UASB), and the 
Anaerobic Baffled Reactor (ABR). Anaerobic filters (AF) are another type of 
anaerobic reactor making use of a fixed filter material for attached growth 
of active biomass in the form of biofilms. This option is not preferable for 
treatment of raw domestic wastewater, because of clogging risks. However, 
sometimes the AF is located at the last compartment of an ABR and according-
ly, functions as a polishing step. 
UASB reactors are an established technology for wastewater treatment that 
can be applied at any scale. Wastewater enters the reactor from the bottom 
and flows upward. Sludge that is kept in suspension with high concentrations 
in the reactor provide a kind of a filter that captures organic matter and fur-
ther biodegrade it using anaerobic bacteria that breaks down organic matter 
by anaerobic digestion. The resultant biogas is collected at the top of the 
system using gas collector as can be shown in Figure (2).  Applied research 
activities on the application of UASB reactors for treating Jordanian waste-
water have shown that this is a technologically viable option. A single-stage 
UASB reactor was successfully operated at loading rates in the range of 1.5-
1.8 kg COD/m3.d (average HRT = 24 h), resulting in a maximum COD removal 
efficiency of around 90% (Halalsheh et. al.2005). 
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Figure 2: Schematic diagram of UASB reactor (Ali et. al., 2012)

ABRs are improved septic tanks with a series of baffles in which wastewater 
flows under and above the baffles from the inlet to the outlet of the reactor 
as shown in Figure (3). Sludge is also kept at the system and the increased 
contact with the active biomass allows for the treatment of wastewater. The 
system is robust and applied successfully under a range of conditions and on 
any scale (Stuckey, 2010). Both UASB and ABR are technologically very inter-
esting, however, there are currently limited practical applications of high-rate 
anaerobic reactors for wastewater treatment in the region. This can present 
problems in acceptance by both the public and by the future operating body.

Figure 3: Schematic diagram of the ABR (Krishna et. al., 2009)
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The previous systems are considered high rate anaerobic treatment systems 
since high organic loading rates are applied. One of the great benefits of 
high rate anaerobic reactors is the possible collection of biogas as an energy 
source. Gas lamps for lighting the treatment plant at night could be a rela-
tively simple way to put the biogas into use. If no useful application is found 
(in case wastewater is diluted), the biogas would need to be flared to pre-
vent greenhouse gas emissions. It should be noted that anaerobic treatment 
presents only limited removal of nitrogen and phosphorous. Both are partially 
incorporated into the sludge, and the remaining part is almost fully converted 
into NH4 and PO4. In cases where these compounds should be removed, post 
treatment should be designed for that specific purpose.  
Perhaps the simplest anaerobic treatment technology can be represented by 
the Septic tanks (ST). The system consists of one or two chambers that are 
commonly constructed underground and used as a simple house onsite sewage 
facility without biogas collection. UASB-septic tanks (UASB-ST) is a cross-over 
between septic tanks and UASB reactors, combining improved solids retention 
by functioning in an upflow mode with a larger reactor volume to allow for 
sludge storage. In such system, sludge is not frequently discharged as the case 
in a conventional UASB reactor. 

2.1.2.2 Aerobic treatment 
Aerobic technologies such as activated sludge systems, trickling filters and 
rotating biological contactors are commonly used for wastewater treatment 
and for post treatment of effluent from anaerobic reactors. Organic matter 
is converted into CO2 and, if designed for it, activated sludge systems can 
remove nitrogen and phosphorous almost completely. 
Compared to natural systems, aerobic reactor systems are much more com-
pact, while compared to anaerobic systems they produce a much cleaner ef-
fluent. However, energy consumption and sludge production are larger com-
pared to other options. The key to aerobic treatment is aeration, brought 
about by the use of aerators in activated sludge systems and the rotating arm 
spraying wastewater on an open structure in the case of trickling filters. Aer-
obic micro-organisms cannot live without oxygen, and consequently aerobic 
reactor systems depend on a continuous energy supply. At the same time, 
sufficient concentration of viable biomass has to be maintained in the system 
in order to perform degradation. In activated sludge systems (AS), wastewater 
is introduced to the aeration tank as shown in Figure (4). The activation of the 
process is based on providing sufficient amount of oxygen in order to increase 
the amount of active biomass. Maintaining sufficient amount of biomass is 
critical to the process and is performed using recirculation from a secondary 
clarifier. Due to extracellular polymers, flocks with good settling properties 
are formed and removed using the secondary clarifier. Excess sludge needs to 
be further processed before final disposal or final use.
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Figure 4: Schematic presentation of activated sludge systems (Fracz, 2016)

Trickling filters are aerobic attached growth systems in which aerobic bacteria 
is attached to a media (rock, polyurethane foam, plastic, etc.). Wastewater 
is typically distributed at the top of the reactor and trickles downward where 
it is collected using underdrain system as shown in Figure (5). The biofilm 
layer that grows on the media is called the slime layer. Historically, trickling 
filters have been designed with natural draft aeration that depends on air 
movement due to difference between water and air temperatures. In these 
systems sludge is not recirculated as in AS systems, while recirculation of ef-
fluent might take place in order to maintain wetting of the media particularly 
at low flows and because it enhances the supply of oxygen and treatment 
performance.

Figure 5: Cutaway view of a rock trickling filter (Metcalf & Eddy, 2014)

Rotating biological contactors are other types of attached growth aerobic sys-
tems and consist of a number of circular plastic disks which are mounted on a 
central draft as shown in Figure (6). The disks are submerged and rotated in 
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a tank containing wastewater to be treated (Crites and Tchobanoglous, 1998). 
Oxygen is obtained by adsorption from the air as the slime layer is rotated 
out of the liquid. Operationally, the bio-disk process is similar to the trickling 
filter process with a high rate of recirculation.

Figure 6: A two-stage rotating biological contactors (Stalin, 2014)

2.1.2.3 Natural treatment systems 
Apparently, all biological treatment systems make use of natural processes, 
however, natural treatment systems such as waste stabilization ponds and 
constructed wetlands are seen as the most “natural” systems because they 
look like landscape features. When correctly designed, built and operated, 
these systems produce high quality effluent (Tchobanoglous et, al., 2002). 
Both ponds and wetlands require very large footprints compared to reactor 
systems, which limit their application for wastewater treatment due to lack 
of space. These systems can also be used as a post-treatment treatment step 
to remove nitrogen, phosphorus, and to perform disinfection.
Waste stabilization ponds (WSP) system for wastewater treatment consists 
of a series of anaerobic, facultative and aerobic ponds as shown in Figure 
(7). The system is applied in many different places worldwide. If properly 
designed, constructed and operated, the system is robust and produce high 
quality effluent. If the purpose of application is post treatment, anaerobic 
pond is usually excluded (Mara, 2003). Generally speaking, Public acceptance 
of WSPs is low, mainly because of the odor problem associated with anaerobic 
ponds. System operation is very simple as compared to technologically more 
complex systems, however, the emphasis on simplicity has led to many cases 
in which O&M efforts were underestimated or not well planned. Overloading 
of the system or failure to timely planned de-sludging had led to cases of in-
creased odor problems.
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Figure 7: Example layout of WSP (Zacharia et. al., 2019)

Constructed wetlands (CWL) exist in different varieties (Tilley et. al., 2014), 
with horizontal subsurface flow and vertical subsurface flow being the most 
commonly applied as shown in Figure (8). CWLs are sometimes preceded by 
a settling tank, to prevent blockage of influent feeding system. An alterna-
tive to the standard vertical flow CW is the so-called “French-type” CWL, 
which consists of a staged system. Raw wastewater is applied on the surface 
of a first bed, after which a second bed is fed with first stage effluent. Con-
structed wetlands produce high-quality effluent and have quite a good public 
acceptance, as odor problems are not an issue and the system can be nicely 
integrated in the landscape. 
Vertical CWLs distribute the influent over the entire surface area and just 
beneath the surface of the wetland. Feeding is intermittent and influent in-
filtrates the CWL bed and moves down with the entrapped air, thus creating 
mostly aerobic conditions. Intermittent feeding can be achieved by pumps or 
syphon systems. On the other hand, horizontal CWLs have the advantage to be 
technically less complex, as they do not require pulse feeding. However, there 
is a higher risk of clogging of the filter bed, especially in the inlet zone. Nitro-
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gen removal is better in horizontal systems, as aerobic zones are only present 
near the surface and near plant roots. In the anaerobic zones denitrification 
can take place. Effluent recirculation can be applied to further increase N- 
removal, as formed nitrate can then be denitrified. 

Figure 8: Schematic presentation of horizontal flow (upper) and vertical flow 
(lower) constructed wetlands, (Martin, 2013)

2.2 Criteria to be used for systems comparison
One of the tools that can be used for deciding the best sustainable system 
to be implemented is called sustainability criteria that basically utilizes four 
main weighed aspects in comparisons. Namely, technical, environmental, so-
cial, and economical aspects (Seghezzo, 2004). Each basic criterion is divided 
into 20 operational indicators that are adapted to the local conditions. Basic 
four aspects are shown in table (4). Assessment and selection procedure can 
be divided into four steps:
• Step 1: Assigning criteria importance. 
• Step 2: Assigning importance to indicators under each criterion.
• Step 3: Assigning performance to each indicator under each concept.
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• Step 4: Calculating sustainability index for different concepts.
In the first step, criteria can be weighted according to their relative contribu-
tion to the whole environmental and social system within the local context. 
In the second step, assignment of importance to each indicator can be done 
independently of the technologies compared as exemplified in table (5). Both 
step 1 and step 2 can be done by experts who can assign weights to criteria 
and indicators. In step 3, relative scores are assigned to each technological 
option in relation to each indicator. Finally, a sustainability index (SI) can be 
calculated as the importance of the indicator multiplied by the performance 
given to the technology for this particular indicator and divided by the max-
imum possible performance (100). Individual scores can then be summed up 
by row to obtain a sustainability index (SI) for each technological option. The 
technology that achieve the highest score is then selected. 

Table 4: Criteria and indicators used to assess the sustainability of sewage treat-
ment technologies. (Seghezzo, 2004) 
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Table 5: Example of weights of Criteria and indicators
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3

Module Three: Reuse applications
(aquaculture, landscaping, groundwater recharge, agriculture, industrial, 

urban and environmental water enhancement) 

3.1 Wastewater Reuse Applications
As shown in Table (6), wastewater reuse maybe applied in agriculture, indus-
try, groundwater recharge, and urban usage, including landscape irrigation 
and fire protection. Wastewater reuse can be adopted to meet the water 
demand in different fields and contribute to the conservation of freshwater 
resources.
Practices of wastewater reuse vary among countries, as target applications 
and technology options differ significantly depending on socio-economic cir-
cumstances, industrial structure, climate, culture, religious preference, as 
well as policy readiness. Various application areas and examples for wastewa-
ter reuse are introduced in the following sections.

Table 6: Categories of wastewater reuse
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3.2 Treatment and Technology Needs
An important determinant of the potential applications and treatment re-
quirements for water reuse is the quality of water resulting from various 
municipal uses. Water treatment technologies are applied to source water 
such as surface water, groundwater, or seawater to produce drinking water 
that meets applicable drinking water regulations and guidelines. Converse-
ly, municipal water uses degrade water quality by absorbing and accumulat-
ing chemical or biological contaminants and other constituents. The quality 
changes necessary to upgrade the resulting wastewater then become the basis 
for wastewater treatment. In practice, treatment is carried out to the point 
required by regulatory agencies for protection of the environment, including 
aquatic ecosystems and preservation of beneficial uses of receiving waters.
As the quality of treated water approaches that of unpolluted natural water, 
the practical benefits of water reclamation and reuse become evident. The 
levels of treatment and the resultant water quality endow the water with 
economic value as a water resource.
As more advanced technologies are applied for water reclamation, such as 
carbon adsorption, advanced oxidation, and membrane technologies, the 
quality of reclaimed water can meet or exceed the conventional drinking wa-
ter quality standards by all measurable parameters. Today, technically proven 
water reclamation or water purification processes exist to provide water of 
almost any quality desired, including ultrapure water for precision industries 
and medical uses.

3.3 Types of Technology
With advancements in water reclamation technologies, it is technically pos-
sible to produce reclaimed water of virtually any quality. The question then 
is what level of treatment is necessary and satisfactory for a specific water 
reuse application? Reclaimed water quality requirements depend not only on 
the relevant regulations and guidelines, but also on specific applications for 
which reclaimed water is to be used. Demand and supply balance and need for 
infrastructure also vary with various applications. Infrastructure must have a 
capacity to supply reclaimed water safely, sufficiently, and reliably. Thus, a 
water reuse project cannot be planned without identifying primary and po-
tential users of the reclaimed water and understanding how reclaimed water 
is to be used in each application.
Technologies that follow secondary treatment which are suitable for most wa-
ter reuse applications include depth and surface filters, membrane filtration 
(pressure or vacuum), carbon adsorption, reverse osmosis, disinfection with 
ultraviolet radiation, and advanced oxidation. 
Membrane bioreactors maybe used in place of secondary treatment and mem-
brane filtration. Membranes represent the most significant development as 
several new products are now available for a number of water and waste-
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water treatment and water reuse applications. Membranes had been limited 
previously to water softening and desalination, but they are now being used 
increasingly for wastewater applications to produce high quality reclaimed 
water suitable for reuse. Treatment trains that incorporate membrane filtra-
tion are capable of producing several grades of product water that can serve 
a range of water reuse applications. Reclaimed water may also be demineral-
ized by means of reverse osmosis and electrodialysis.

Increased levels of contaminant removal not only enhance the product wa-
ter for reuse, but also lessen health risks. Further, the cost of producing 
high-quality reclaimed water has decreased considerably, largely due to the 
development of low-pressure membranes and the entrance of a number of 
suppliers in the competitive marketplace. 

Chlorination remains as the most widely used disinfection technology and 
its effectiveness is vastly improved by improved reclaimed water quality. In-
creased removal of particulate matter and the development of ultraviolet 
disinfection technology also improve the applicability of reclaimed water for 
many more applications. Advanced oxidation is also an important technology 
for reducing or removing trace constituents and emerging contaminants to 
safe levels, especially for indirect potable water reuse applications.

3.4 New Treatment Technologies
As a result of the developments and improvements in treatment technology, 
many of the economic and environmental barriers to water reuse have been 
reduced significantly and several new opportunities for water reuse applica-
tions are possible. Many of these opportunities are associated with membrane 
treatment and UV disinfection. Health and environmental concerns associated 
with the use of treated wastewater effluent can be mitigated significantly, 
thus improving the acceptability of reclaimed water for defined uses such as 
landscape irrigation and groundwater recharge.

As more membrane facilities are installed and operated, and their ability to 
produce consistently high-quality water becomes more widely known, pub-
lic acceptance of reclaimed water increases significantly. Removal of total 
dissolved solids provides another level of quality for reclaimed water as the 
suitability for irrigation, industrial use, and aquifer recharge is enhanced sig-
nificantly. Control of total dissolved solids is the key component, especially in 
closed loop systems.

3.5 Wastewater Reuse for Agriculture
Agricultural irrigation is crucial for improving the quality and quantity of pro-
duction. Worldwide, agriculture is the largest user of water. Agriculture re-
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ceives 67% of total water withdrawal and accounts for 86% of consumption 
in 2000 (UNESCO, 2000). In Africa and Asia, an estimated 85 to 90% of all the 
freshwater use is for agriculture. 

Thus, more efficient use of agricultural water through wastewater reuse is 
essential for sustainable water management.

Benefits 
Potential benefits of wastewater reuse for agriculture include the following: 
• Conservation and more rational allocation of freshwater resources, particu-
larly in areas under water stress.
• Avoidance of surface water pollution.
• Reduced requirements for artificial fertilizers and associated reduction in 
industrial discharge and energy expenditure.
• Soil conservation through humus build-up and prevention of land erosion.
• Contribution to better nutrition and food security for many households. 

Potential concerns 
While wastewater reuse for agriculture has many benefits, it should be car-
ried out using good management practices to reduce negative human health 
impacts. The WHO initially published Guidelines for the Safe Use of Wastewa-
ter and Excreta in Agriculture and Aquaculture in 1989 and later revised it as 
“Guidelines for the safe use of wastewater, excreta and grey water, volume 2: 
wastewater use in agriculture” (WHO, 2006).

The Guidelines, presented in Table (7), include recommendations for crops to 
be consumed uncooked, and crops to be cooked or used as feed, as well as for 
parks and localized irrigation. The Guidelines are set to minimize exposure to 
workers, crop handlers, field workers and consumers, and recommend treat-
ment options to meet the guideline values (WHO, 2006).

The Guidelines are focused on health-based targets and provide procedures 
to calculate the risks and related guideline values for wastewater reuse in 
agriculture.
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Table 7: WHO guidelines for using treated wastewater in agriculture

The Guidelines state that ‘local epidemiological, socio-cultural and envi-
ronmental factors should be taken into account and the guidelines modified 
accordingly’ (WHO, 2006). The microbiological quality guidelines have been 
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used as the basis for standard setting in several countries and regional admin-
istrations. In other situations, the quality guideline levels have been adopted 
with specifications of additional management practices and restrictions. Stan-
dard setting in other countries has been influenced by the WHO guidelines, 
but often with some modification of the microbiological guidelines before 
adoption as standards (WHO, 2001).
Wastewater use, whether treated, untreated, raw or diluted, can be found 
in humid and arid climates. However, even treated effluent should not be 
assumed to be pathogen free. It should only be applied to land when the risk 
to workers and the wider community is well assessed and managed through 
multiple barriers adopted along the sanitation chain (Drechsel et. al., 2010). 
Where effluent is used for irrigation water, a multi- barrier may include the 
application of treatment processes, selecting crops that are high growing and/ 
or not eaten raw, low contact irrigation methods (e.g. drip irrigation), the use 
of Personnel Protected Equipment (PPE), and the disinfection, washing and 
cooking of produce. The WHO Guidelines for the Safe use of Wastewater, Ex-
creta and Greywater (WHO, 2006) provide further guidance. It should be not-
ed that different interventions (barriers) will have different costs, capacity to 
reduce risks and requirements in terms of behavior change.
A multi-barrier approach should be used to manage health risks associated 
with end use and disposal (for further details see WHO, 2006 and WHO, 2003). 
To reduce the risk, end use/disposal technologies should be: 
• Designed for the local context taking into consideration the characteristics 
of the effluent or faecal sludge; local climate and seasonal variations; and the 
available energy sources and human resource capacity. 
• Compatible with the preceding treatment technology and treatment prod-
uct. 

Adopting the following additional control measures reduces the risk to work-
ers especially those whose work involves handling treatment products:
• Wearing of PPE, particularly where using/disposing of wastewater and, fae-
cal sludge.
• Training on the risks of handling effluents or faecal sludges and on standard 
operating procedures. 
• Regular health checks and preventive treatment such as deworming and 
vaccination. 

Examples of additional control measures to reduce the risk to the local com-
munity and wider community where wastewater and faecal sludge are used in 
agriculture and aquaculture (WHO, 2006) are: 
• Selection of crops that grow high above ground level (such as fruit trees) or 
crops not eaten raw.
• Low contact irrigation methods (e.g. drip irrigation).
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• Withholding periods between application of treated faecal sludge (e.g. com-
post) or wastewater and crop harvesting. 

In contrast, end use/disposal technologies that do not adequately reduce the 
risk are those which result in untreated effluent and/or faecal sludge being 
left in the open, disposed in recreational waters, or used for food production 
therefore exposing the local community to pathogens. For instance, in dense-
ly populated urban areas where space is limited, and the soil is compacted 
and/or saturated, soak pits, leach fields or cover and fill approaches are not 
applicable as the adsorption process will fail. 
Wastewater intended for reuse should be treated adequately and monitored 
to ensure that it is suitable for the projected applications. If wastewater 
streams come from industrial sources and urban run-off, toxic chemicals, 
salts, or heavy metals in the wastewater may restrict agricultural reuse. Such 
materials may change soil properties, interfere with crop growth, and cause 
bioaccumulation of toxic materials in food crops. While separating household 
wastewater and run-off from industrial effluent is preferable, this may not be 
feasible. Thus, proper treatment and monitoring should be practiced.
Wastewater reuse for agriculture needs to be planned with attention to target 
crops and existing water delivery methods. Nutrients in reclaimed water that 
are important to agriculture include nitrogen, potassium, zinc, boron and sul-
phur. However, excess nitrogen may cause overgrowth, delayed maturity, and 
poor quality of crops. While boron is an essential element for plant growth, 
excess boron becomes toxic. Furthermore, proper care should be taken to 
control the saline problems cause by wastewater reuse.

3.6 Wastewater Reuse for Industry
Industrial water use accounts for approximately 20% of global freshwater with-
drawals. Power generation constitutes a large share of this water usage, with 
up to 70% of total industrial water used for hydropower, nuclear, and thermal 
power generation, and 30 to 40% used for other, non-power generation pro-
cesses. Industrial water reuse has the potential for significant applications, as 
industrial water demand is expected to increase by 1.5 times by 2025.

Benefits
Industrial water reuse has the following specific benefits, in addition to the 
general environmental benefits discussed in earlier sections: 
• Potential reduction in production costs from the recovery of raw materials 
in the wastewater and reduced water usage.
• Heat recovery.
• Potential reduction in costs associated with wastewater treatment and dis-
charge. 
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Water reuse and recycling for industrial applications have many potential ap-
plications, ranging from simple housekeeping options to advanced technology 
implementation. Wastewater reuse for industry can be implemented through 
the reuse of municipal wastewater in industrial processes, internal recycling 
and cascading use of industrial process water, and non-industrial reuse of in-
dustrial plant effluent, as summarized in Table (8) below.

Table 8: Types and examples of industrial water reuse

Water quality requirements for industry reuse differ according to applica-
tion types. Obtaining the necessary quality may require secondary treatment, 
tertiary treatment, or specific methods to meet individual needs. For ex-
ample, rinsing and cleaning for semiconductor wafer manufacturing requires 
ultra-pure water, which can be supplied from municipal wastewater that has 
undergone reverse osmosis and ultraviolet treatment. Almost all well-man-
aged cooling towers use a water treatment scheme such as sulphuric acid 
treatment, side stream filtration and Ozonation to inhibit corrosion and scal-
ing. The cascading of process water of non-potable quality without treatment 
may be sufficient for general office cleaning and rinse water. In the steel 
industry, the effluent from wet scrubbers of blast furnaces can be recycled 
after treatment to remove iron oxide, silica, carbon lime and magnesium by 
coagulation or high-gradient magnetic separation. In the pulp and paper in-
dustry, water reuse is an important strategy for recovering fibers, chemicals 
and heat from process effluent, as well as for reducing freshwater consump-
tion and wastewater production.

Potential concerns
Potential concerns for industrial water reuse include scaling, corrosion, bio-
logical growth, and fouling, which may impact industrial process integrity and 
efficacy, as well as product quality. These concerns are often interrelated and 
may be addressed by the options summarized in Table (9).
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Table 9: Industrial water reuse: concerns, causes, and treatment options

Salt concentrations can be affected by various factors, including process oper-
ating temperatures, sources of wastewater, and areas from which wastewater 
is collected (e.g. coastal areas may have higher concentrations).
Occupational health concerns include exposure to aerosols that contain toxic 
volatile organic compounds and bacteria, such as Legionella, which causes 
Legionnaire’s disease.

Some of the important and practical aspects for industrial wastewater reuse 
are: 
• Usually, the industry itself decides the needs and extent of wastewater 
treatment for its reuse. The government does not decide how to reuse/recy-
cle water in the industry, it only motivates industry through incentives such as 
the price of water or subsidies for the technology. 
• Most industries select types of wastewater treatment processes that have a 
great level of reliability. This differs from wastewater reuse projects in mu-
nicipalities, where the cost is a crucial factor to decide both the type of reuse 
and the type of treatment. 

3.7 Wastewater Reuse for Urban Applications
In urban areas, the potential for introducing wastewater reuse is quite high, 
and reuse options may play a significant role in controlling water consumption 
and reducing its pollutant load on the environment. A large percentage of 
water used for urban activities does not need quality as high as that of drink-
ing water. Dual distribution systems (one for drinking water and the other for 
reclaimed water) have been utilized widely in various countries, especially 
in highly concentrated cities of the developed countries. This system makes 
treated wastewater usable for various urban activities as an alternative water 
source in the area and contributes to the conservation of limited water re-
sources. In most cases, secondarily treated domestic wastewater followed by 
sand filtration and disinfection is used for non-potable purposes, such as toilet 
flushing in business or commercial premises, car washing, garden watering, 
park or other open space planting, and firefighting.
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Benefits
The benefits of wastewater reuse for urban applications include the following: 
• High volume of wastewater generation, and a large number of potential ap-
plications and volume for water reuse, which may benefit from the economy 
of scale.
• Reduction in the wastewater volume to be treated by municipal wastewater 
treatment plants, which are over-extended and in need of expansion in many 
developing countries’ mega-cities. 

There is also a small-scale on-site system where the grey water is recycled 
as an in-building water resource, with a dual distribution system. Reclaimed 
water can be used for toilet flushing, car washing, stream augmentation or 
landscape purposes.

Potential concerns 
One of the key concerns for wastewater reuse in urban applications is the 
protection of public health, as urban reuse has the potential to expose a large 
number of people to disease-causing microorganisms. Care should be taken to 
avoid contamination of drinking water by misconnection (cross connection) 
between potable water pipes and reclaimed water pipes, and also to disinfect 
reclaimed wastewater properly. 
In addition, the following problems have also been identified in wastewater 
reuse for toilet flushing: 
• Corrosion of pipe.
• Blockage of pipe and strainer.
• Biofilm (slime) formation in reservoir tank due to reduction of residual chlo-
rine in reclaimed water. 

These problems, some of which are similar to concerns associated with indus-
trial reuse, tend to occur because reclaimed water contains more salts and 
organics than drinking water. 
Furthermore, an insufficient amount of residual chlorine in reclaimed water 
allows bacteria growth and biofilm formation in the reservoir tank. The re-
duction of residual chlorine occurs as the consumed chlorine reacts with salts 
and organics in reclaimed water. Therefore, the chlorine injection rate must 
be monitored carefully and should be kept at an appropriate level.

3.8 Wastewater Reuse for Environmental Water Enhancement
Another area where wastewater reuse is being applied is in environmental en-
hancement, such as the augmentation of natural/artificial streams, fountains, 
and ponds. In metropolitan areas, urbanization, and the resulting increase in 
surface area coverage by buildings and pavements, has resulted in decreased 
water retention capacity. In addition, storm water is rapidly drained and dis-
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charged to a river and/or sea to prevent flooding, often leaving little water 
for environmental water usage. 

Benefits
The key benefit for environmental enhancement is the increased availability 
and quality of water sources, which provide public benefits such as aesthetic 
enjoyment and support ecosystem recovery. The restoration of streams or 
ponds with reclaimed water has been practiced in many cities, contributing 
to the revival of aquatic life, such as fish, insects, crawfish and shellfish, and 
creating comfortable urban spaces and scenery. The recovery of water chan-
nels has great significance for creating ‘ecological corridors’ in urban areas.

Potential concerns
As with urban applications, public health concerns must be adequately ad-
dressed for environmental enhancement applications in order to avoid neg-
ative human health impacts. When treated wastewater is used for water 
augmentation in a water channel, proper water quality guidelines must be 
considered on the assumption that there will be human contact with the re-
used water, and sufficient disinfection must be carried out. Disinfection op-
tions may include chlorination or UV irradiation. In addition to the public 
health considerations, the removal of nutrients including nitrogen or phospho-
rus should be implemented since they may cause algal blooming, which spoils 
the appearance of streams, lakes and reservoirs. 
Care must also be taken to facilitate ecosystem recovery. In the case of the 
restoration of aquatic flora and fauna in a stream, ozone or UV disinfection 
is more preferable than chlorination, since it generates fewer disinfection 
by-products with smaller residual effects to the flora and fauna.

3.9 Wastewater Reuse for Groundwater Recharge
A groundwater aquifer is important for freshwater storage and water trans-
mission. It provides water resources that can be withdrawn for various purpos-
es. Three common methods for aquifer recharge are illustrated in Figure (9).

Figure 9: Method for aquifer recharge
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The use of a recharge basin requires a wide area with permeable soil, an 
unconfined aquifer with transmissivity, and an unsaturated (or vadose) zone 
without restricting layers. With this system, the vadose zone and aquifer work 
as natural filters and remove suspended solids, organic substances, bacteria, 
viruses and other microorganisms. In addition, reduction of nitrogen, phos-
phorus and heavy metals can also be achieved. This process is called soil 
aquifer treatment.
Direct injection of treated wastewater can access deeper aquifers through an 
injection well. Direct injection is utilized when aquifers are deep or separat-
ed from the surface by an impermeable layer. This method requires less land 
than the recharge basin methods, but it costs more to construct and maintain 
the injection well. A well wall is susceptible to clogging by suspended solids, 
biological activity or chemical impurities. In this method, the soil aquifer 
treatment effect is not observed. The method requires advanced pretreat-
ment of applied water, including sufficient disinfection. Without treatment, 
the injected wastewater may pollute the aquifer, causing health concerns.
Vadose zone injection is an emerging technology that provides some of the 
advantages of both recharge basins and direct injection wells. This method 
is used when a permeable layer is not available at a shallow depth, and a re-
charge well has a relatively large diameter.

Benefits 
Groundwater recharge has been used to prevent the decline in groundwater 
level and to preserve the groundwater resource for future use. Compared to 
conventional surface water storage, aquifer recharge has many advantages, 
such as negligible evaporation, little secondary contamination by animals, 
and no algal blooming. It is also less costly because no pipeline construction 
is required. Furthermore, it protects groundwater from saltwater intrusion by 
barrier formation in coastal regions, and controls or prevents land subsidence. 

Potential concerns
In any of the methods described above, groundwater recharge with reclaimed 
water presents various health concerns when water is extracted from a col-
lection well and used for irrigation or other purposes. As the performance of 
soil aquifer treatment is uneven depending on hydraulic loading, each project 
should be carefully designed, and adequate attention paid to reducing patho-
gens.

https://elearning-rewatermena.org/
https://elearning-rewatermena.org/


2 9

Module Four: Efficient irrigation system adapted to dry climate
and to treated wastewater

4.1 Introduction
The technical advances in irrigation materials and methods from the end of 
the twentieth century are becoming part of usual agricultural practice.

Selection of irrigation method should be done taking into account these devel-
opments, which include computer models on water use optimization, devel-
oped for golf course irrigation. In addition to advanced irrigation technologies, 
low-cost and simple-to-use methods have been developed and implemented 
in emerging countries.

4.2 Criteria for Selection of an Appropriate Irrigation Method
The common irrigation methods could be classified in 3 main groups depend-
ing on the location of water application on the soil surface, which can be on 
all, part of, or under the surface.

Further distinction between irrigation methods comes from the type of water, 
which can be applied with low or high velocity or as spraying water. 

The most common and widely used classification of irrigation methods is 
based on the practical experience, taking into account mostly the application 
of water Table (10):
• Surface irrigation, where water is applied directly on the soil surface by 
gravity.
• Overhead or sprinkler irrigation, where water is distributed over the soil 
surface under high pressure as small drops similar to rainfall.

• Localized or micro irrigation, where small quantities of water is applied near 
the roots of crops as drops, tiny streams or mini spray including a number of 
methods such as bubbler, trickle, micro-spray or subsurface drip irrigation.

4
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Table 10: Basic Features of Selected Irrigation Systems
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Under normal conditions, the type of irrigation method selected will depend 
on water supply conditions, climate, soil, crops to be grown, cost of irrigation 
method, available irrigation material, and the ability of the farmer to manage 
the system Table (10). However, when using recycled water as the source of ir-
rigation, other factors such as contamination of plants and harvested product, 
farm workers or the environment, as well as salinity and toxicity hazards need 
to be considered. There is considerable scope for reducing the undesirable 
effects of wastewater use in irrigation through the selection of appropriate 
irrigation methods.

The choice of irrigation method using recycled water is governed by the fol-
lowing technical factors:
• Choice of crops.
• Wetting of foliage, fruits, and aerial parts.
• Distribution of water, salts, and contaminants in the soil.
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• Ability to maintain high soil water potential.
• Efficiency of water application.
• Complexity of irrigation equipment.
• Potential of farm workers to suffer health problems derived from exposure 
to water components.
• Potential to contaminate the environment.
• Capital (installation) and operation costs, including energy requirements, 
labor availability, and maintenance costs.

Table (11) presents an analysis of these factors in relation to four widely prac-
ticed irrigation methods: border, furrow, sprinkler, and drip irrigation. Com-
mon irrigation methods could be classified in three main groups, depending on 
the location of water application on the soil surface.

Water application efficiency becomes especially important in areas with wa-
ter scarcity and high evaporation rates. In these conditions, mini-sprinklers 
and drip irrigation ensure the most effective water use. Moreover, these sys-
tems provide the best health protection by lowering the probability of direct 
contact with recycled water.

From the health aspect point of view, the following points should be consid-
ered during the selection of the most appropriate irrigation method:

• All irrigation methods are appropriate to be used for recycled water, which 
is in compliance with water reuse guidelines or regulations for unrestricted 
irrigation, provided that agronomic criteria are also met.
• A number of existing regulations require higher water quality for sprinkler 
irrigation because of the possible disease transmission with aerosols.
• Sprinkler irrigation with recycled water that does not meet the health crite-
ria is possible in conditions of implementation of specific management prac-
tices such as crop selection (industrial crops and fodder), irrigation scheduling 
(irrigation during night), and other restrictions (no irrigation during windy 
conditions).

In addition to the technical and health considerations, socioeconomic condi-
tions should also be taken into account.

In this context, an irrigation system considered most appropriate in one coun-
try or region may not be so in another.
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Table 11: Evaluation of Common Irrigation Methods in Relation to Use of
Recycled Water

a Irrigation method is recommended.
b Irrigation system is not advisable.
c Irrigation method may cause problems.
Source: Lazarova V., and Bahri A. (2004). Water reuse for irrigation: agriculture, land-
scapes, and turf grass.
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4.3 Comparison of Irrigation Methods
4.3.1 Surface Irrigation Methods
Surface or flood irrigation methods account for about 95% of the world’s irri-
gated area because of the low cost and simplicity of use and implementation. 
In this case, irrigation water is simply flowing by gravity across the irrigated 
area. This method involves complete coverage of the soil surface with treated 
effluent, Figure (10) and is normally not an efficient method of irrigation.

Figure 10: Flood irrigation the entire root zone is wetted to saturation.

Flood irrigation is not suitable on steep slopes, on soils with high hydraulic 
conductivity (sandy soils with too rapid infiltration), for shallow-rooted crop 
species, and at sites where it is critical to minimize deep drainage. As surface 
irrigation systems normally result in the discharge of a portion of the irriga-
tion water from the site, some methods of tailwater return or pump-back 
may be required in areas where discharge is not permitted. To avoid surface 
ponding of stagnant effluent, land leveling should be carried out carefully and 
appropriate land gradients should be provided.
The efficiency of surface irrigation methods in general (borders, furrows) is 
not greatly affected by water quality, although the health risk inherent to 
these systems is most certainly of concern. Some problems might arise if the 
effluent contains large quantities of suspended solids, which settle out and 
restrict flow in transporting channels, gates, pipes, and appurtenances. The 
possibility of biofilm growth on the transport pipeline systems could be a 
concern.
• Border Irrigation
In border irrigation systems, the irrigated land is divided into wide long bays 
bordered by earth mounds, also called strips or borders. Recycled water flows 
into each bay through a pipe or gate valve from the distribution channel. As a 
rule, this method is used on land of flat topography. 
This system can lead to contamination of vegetable crops growing near the 
ground and root crops and will expose farm workers to the effluent more than 
any other method. Thus, from both health and water conservation points of 
view, border irrigation with recycled water is not very satisfactory, although 
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it can occasionally be useful for salinity-control purposes.
• Furrow Irrigation
Furrow irrigation does not wet the entire soil surface Figure (11), because the 
irrigation water is distributed through shallow, narrow, gently sloping furrows 
(narrow ditches dug between the rows of crops). Typically, water is supplied 
to the furrows from gated pipes or siphons Figure (12). This method can re-
duce crop contamination, since plants are grown on ridges. However, com-
plete health protection cannot be guaranteed. Contamination of farm workers 
is potentially medium to high, depending on automation. If the effluent is 
transported through pipes and delivered into individual furrows by means of 
gated pipes, risk to irrigation workers is minimal.

Figure 11: Furrow irrigation

Figure 12: Furrow irrigation of crops
• Sub-irrigation
This method, which has a limited application, consists in supplying water to 
the root zone of crops by artificially regulating the groundwater table. Open 
ditches are usually dug to a depth below the water table, and the level of the 
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water is controlled by check dams or gates. In this manner, the ditches can 
serve either to drain excess water and thereby lower the water table during 
wet periods or to raise the water table during dry periods and thereby wet the 
root zone from below. Sub-irrigation may be used for field crops and pasture, 
as well as orchards. It is best suited to hydrophilic crops such as sugar cane 
and dates. 
This system is applicable only where the water table is naturally high, as it 
frequently is along river valleys. Reduced risk of crop contamination is expect-
ed with such a system. The disadvantage of open ditches is that they interrupt 
the field and interfere with tillage, planting, and harvesting as well as take 
a significant fraction of the land out of cultivation. An alternative is to place 
porous or perforated pipes below the water table, with controllable outlets 
(subsurface irrigation).

4.3.2 Sprinkler Irrigation Methods
Sprinkler or overhead irrigation methods create artificial rainfall, and, thus, 
they are generally more efficient in terms of water use since greater unifor-
mity of application can be achieved Figure (13). Sprinklers are mounted on 
riser pipes and scattered throughout the irrigation area by blocks with overlap 
of 25–50% to achieve uniform wetting. The spraying is accomplished by using 
several rotating sprinkler heads or spray nozzles or a single gun-type sprinkler. 
In general, sprinkler systems are the most expensive and are less suitable 
for plantations harvested in short rotation, because of their vulnerability to 
damage by heavy machinery. Table (12) summarizes the most important ad-
vantages and disadvantages of sprinkler systems. Sprinkler irrigation is espe-
cially suitable for continuous low vegetation (such as ground cover turf grass, 
decorative estates, some fodder crops), plants with shallow root systems, as 
well as any vegetation that benefits from overhead water and high humidity. 

Figure 13: The wetting pattern of sprinkler irrigation.
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Table 12: Advantages and Disadvantages of Sprinkler Irrigation Systems
Relative to Surface Irrigation

It is important to stress that sprinkler irrigation should not be used at sites 
where spray drift is undesirable for health or environmental reasons. These 
overhead irrigation methods may contaminate ground crops, fruit trees, farm 
workers, and other people not related to the facility. In addition, pathogens 
contained in aerosols may be transported downwind and create a health risk 
to nearby residents. Therefore, buffer zones or devices (tree barriers) should 
be established around irrigated areas. In some systems (i.e., center pivot), 
the sprinkler nozzles may be dropped closer to the ground to reduce aerosol 
drift and thus minimize the buffer requirements. In all cases, wind must be 
considered as a limiting factor.
Labor requirements are usually low, with the exception of maintenance. As a 
rule, sprinklers and plastic risers need to be replaced about every 10 years. 
Generally, mechanized or automated systems have relatively high capital costs 
and low labor costs compared with manually moved sprinkler systems. Rough 
land leveling is necessary for sprinkler systems to prevent excessive head 
losses and achieve uniformity of wetting. Sprinkler systems are more affected 
by water quality than surface irrigation systems, primarily as a result of the 
clogging of orifices in sprinkler heads, potential leaf burn, and phytotoxicity, 
in particular when water is saline and contains excessive toxic elements. In-
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adequate treatment, especially filtration, leads to clogging of sprinklers. The 
micro-spray systems are the most vulnerable to clogging. Sediment accumu-
lation in pipes, valves, and distribution systems should also be taken into ac-
count. Secondary wastewater treatment has generally been found to produce 
an effluent suitable for distribution through sprinklers. Nevertheless, further 
precautionary measures are often adopted, such as additional treatment with 
granular filters or micro strainers and use of nozzle orifice diameters not less 
than 5 mm.
Homogeneous water distribution can be also disrupted by weeds, in particular 
with low-pressure systems. Recommended measures to avoid such constraints 
are periodic weed control by herbicides or by mounting the sprinklers on taller 
risers.

4.3.3 Micro-sprayer Irrigation
Micro-spray irrigation is a part of localized or micro-irrigation systems. Mi-
cro-sprayers, also called mini-sprinklers or spitters, ensure the greatest uni-
formity in effluent distribution and are similar in principle to drip systems, 
where water is applied only to a part of the ground surface Figure (14). These 
systems eject fine water jets from a series of nozzles, mounted on moving 
spindles or fixed sprinkler arms. Compared to drip emitters, micro-sprayers 
can water a larger area of several square meters. In addition, clogging prob-
lems are reduced thanks to the larger nozzle orifices. The discharge rate is 
also greater, ranging from 20 to 300 L/h.

Figure 14: The wetting pattern of micro-spray irrigation.

The pressure requirement is lower compared to conventional sprinklers, more 
than 2 atm, which still requires pumping or reservoir elevation of over 20 m. 
Another disadvantage relative to drip irrigation is the evaporation loss and 
wetting of foliage that can be damaged by brackish water. 
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It is important to stress that these systems, which are commonly used for 
trees, are especially suited for irrigation with recycled water because of their 
benefits, similar to drip irrigation, enabling high-frequency and low-volume 
irrigation with easy scale-up for small irrigation units.

4.3.4 Drip Irrigation
Drip irrigation is another micro-irrigation system, which often is considered as 
synonymous of trickle irrigation. The principle is the same, but the discharge 
rates of trickle systems could be higher than the upper limit of drip emitters, 
which is 12 L/h. In drip irrigation methods, water is applied through a network 
of small emitters placed on the ground surface Figures (15) and (16).

Figure 15: The wetting pattern of drip irrigation

Figure 16: View of drip irrigation of crops

https://elearning-rewatermena.org/
https://elearning-rewatermena.org/


4 04 0

At regular intervals of the distribution network, near the plants or trees, a 
hole is made in the tube and equipped with an emitter to supply water to the 
plants slowly, drop by drop. The saturated zone is usually less than 50% and 
depends on the density of the wetting points, the rate of application, and 
the soil properties. As a rule, drip emitters are designed to supply controlled 
water rate of 1–10 L/h. The operating pressure is in the range of 0.5–2.5 atm, 
preferably 1 atm at the dripper, which is dissipated to atmospheric pressure 
by the head loss of the emitters.

The most important advantage is that these systems can be used with all 
types of soils and topography without special land preparation, provided that 
pressure regulators or regulated dripper nozzles are used in slopping lands. 
Moreover, these systems provide numerous other benefits, including more ef-
ficient use of recycled water, higher crop yields, and the greatest degree of 
health protection for farm workers and consumers, particularly when the soil 
surface is covered with plastic sheeting or other mulch.

Drip irrigation is particularly suited to sites with water scarcity where a low 
irrigation rate is desirable. To achieve a given rate of irrigation, the required 
volume for drip systems is about -4, -10 and -50 fold lower than conventional 
sprinkler, furrow, and border irrigation systems, respectively.

The capital and operation costs of drip systems fall generally somewhere be-
tween flood and sprinkler irrigation. Drip irrigation saves labor but has the 
highest installation cost. The successful operation of these systems requires 
good supervision and maintenance: regular inspection and cleaning of emit-
ters, repair of leaks, flushing of the network (at least twice a year) with 
necessary acidification (to prevent precipitation of calcium carbonate), and 
monthly adjustment of the irrigation schedule for permanent plantings, ac-
cording to seasonal weather and watering requirements.

One of the major constraints of drip irrigation is blockage of the emitters 
because of the very small orifices (0.1–2 mm). Thus, recycled water should be 
free of suspended solids. Some dissolved compounds such as Ca2 and Fe2 can 
precipitate.

From the point of view of water quality, drip irrigation systems have the ad-
vantage to allow using recycled water with high salinity or high BOD, because 
the entire root zone is not saturated, thus providing good soil aeration.
Drip irrigation is most suitable for row crops (vegetables, soft fruit) and tree 
and vine crops where one or more emitters can be provided for each plant. 
Generally, only high-value crops are considered because of the high capital 
costs of installing a drip system. Nevertheless, several experiments and real 
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plot application to extensive crops (wheat and alfalfa) have shown that it is 
possible to consider drip irrigation for these crops as well. It is important to 
stress that relocation of subsurface systems can be prohibitively expensive.
For irrigation of urban parks and other green areas, some dripper systems are 
buried underground to reduce the risk of human contact with recycled water. 
The capital and operating costs of such systems are, however, higher, and a 
very good filtration of effluent is required.

Bubbler irrigation, a technique developed for localized irrigation of tree crops, 
avoids the need for small emitter orifices, but requires careful setting for its 
successful application. In this case, water is allowed to ‘‘bubble out,’’ even 
under a very limited pressure, from open thin-walled vertical tubes (d.1–3 cm) 
connected to the buried lateral irrigation tubes (d_10 cm). The main advan-
tages of bubbler irrigation are its low cost, ease of installation and operation, 
as well as lower vulnerability to water quality.

When compared with other systems, the main advantages of drip irrigation 
are as follows:
• Increased crop growth and yield achieved by optimizing the water, nutri-
ents, and air regimes in the root zone.
• High irrigation efficiency: no canopy interception, wind drift, or conveyance 
losses and minimal drainage losses.
• Minimal contact between farm workers and effluent.
• Low energy requirements: the trickle system requires a water pressure of 
only 100–150 kPa (1–1.5 bar).
• Low labor requirements: the trickle system can be easily automated and 
allows combined irrigation and fertilization.
• Accurate control of leaching and drainage (with adequate design, mainte-
nance, and scheduling of irrigation).
• Easier removal and reinstallation during harvesting periods compared to 
sprinklers.

In summary, drip irrigation is best suited to areas where water is scarce, land 
is steeply sloping or undulating, water and/or labor are expensive, recycled 
water has high salinity, or the production of high-value crops requires fre-
quent water applications.

4.3.5 Subsurface Irrigation
In subsurface irrigation, water is applied directly to the root zone via per-
forated or porous diffusers, placed 10–50 cm below the soil surface Figure 
(17). The spreading pattern depends on the soil properties as well as on the 
distance between adjacent emitters and their discharge rates.
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Figure 17: The wetting pattern of subsurface irrigation.

The main advantage of these systems is the health safety due to the absence 
of direct contact with recycled water. A potential problem here is that the 
narrow orifices of the emitters may become clogged by roots, particles, al-
gae, or precipitating salts. Such clogging is difficult to detect as readily as 
when the tubes are placed over the surface in above-ground drip irrigation. 
Injecting an acidic or herbicidal solution into the tubes may help to clear 
some types of clogging, though the problem may recur periodically. Special 
drippers with a specific chemical are available that do not allow roots to enter 
the dripper.
In underground drip irrigation, the delivery of water via the feeder tubes can 
be constant or intermittent. For uniformity of application, there should be 
some means of pressure control. If the lines are long or the land is sloping, 
there can be considerable differences in the hydraulic pressure and therefore 
in delivery rate, unless pressure-compensated emitters are used. However, 
such emitters are expensive and usually of higher variation in flow and as a 
consequence of lower uniformity in water application.
Existing experience has shown that this method is feasible for fruit trees and 
other perennial row crops. The major constraint for their implementation is 
the high capital and operation costs and the high frequency of renewal.

4.4 Final Considerations for the Choice of Irrigation Method
Irrigation methods used depend on site topography, soil type, the species of 
plants to be grown, cost, effluent quality, labor availability, power require-
ments and public health and environment considerations.
The most important factor in decision making as to irrigation method appears 
to be financial, i.e., the irrigation system cost. Nevertheless, the health risks 
associated with the different methods, as well as water savings, should be 
also taken into account.
Effluent generally should be applied to the site by trickle, spray or drip irri-
gation, to avoid over-application and unintended environmental effects that 
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could occur with furrow or flood irrigation systems. Use of the latter may 
indicate the need for laser levelled sites. Ideally, recycled water should be 
applied closely to the root zone using micro-sprayers or drip emitters. Among 
the numerous benefits of these systems is the ability to apply high-frequency 
irrigation better adjusted to the crop irrigation requirements. In this case, 
storage capacity and soil capability to retain moisture are no longer decisive. 
The major constraint is the need for continuous operation, because any short-
term interruption can quickly result in plantation damage. In drip or trickle 
irrigation, pressurized water is discharged through micro-emitters. The water 
is dripped thereby minimizing the risk of aerosols. In spray irrigation, water 
is pumped through pipelines and discharged through sprinklers that can vary 
from high pressure ‘big guns’ that can generate aerosol drifts of up to 1 km, 
to small low-pressure micro-sprays that minimize the risk of aerosol drift and 
reduce the potential for odour. High pressure systems should only be used for 
effluent which meets the pathogen reduction criteria for use on raw human 
food crops, with suitable buffer distances. High pressure systems should not 
be used when weather conditions are such that spray drift will be excessive.

Furrow irrigation is suitable while leaching demand is high. To avoid human 
contact and allow pressurizing, recycled water should be conveyed in closed 
conduits and distributed via resistant plastic tubes. Flood irrigation methods 
include border check, border ditch, basin, contour bank, hillside and furrow 
irrigation. Flood irrigation generates little or no aerosol activity and gives an 
even distribution of nutrients in properly designed, laser graded systems. The 
potentially greater risks to groundwater should be managed. 

It is important to emphasize that the irrigation method is one of several pos-
sible health control measures, along with crop selection, wastewater treat-
ment, and human exposure control. Each measure interacts with the oth-
ers, and, thus, any decision as to irrigation system selection has an influence 
on wastewater treatment requirements, human exposure control, and crop 
selection (e g., row crops are dictated by trickle irrigation). At the same 
time, the feasibility of the irrigation technique depends on crop selection. 
The choice of irrigation system might be limited if wastewater treatment has 
been already implemented without any possibility for plant upgrading and 
water quality improvement.

The infiltration rate of soil is an important consideration in the type of irri-
gation method used and the way it is operated. Effluent should be applied 
uniformly and at a rate less than the nominal infiltration rate to avoid surface 
runoff.

Spray and drip/trickle irrigation systems usually involve higher capital and op-
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erating costs than flood or furrow systems, but also provide better operational 
flexibility and may provide greater water use efficiency. Costs of permanent 
spray systems may be high, however, center pivots, travelling irrigators and 
semi-permanent spray systems can have a much lower capital cost per hect-
are than some drip systems.

Attention should be given to treated wastewater constituents which cause 
clogging of the irrigation systems. Clogging problems with sprinkler, mini-sprin-
kler and drip irrigation systems might be a serious problem. Growths (slimes, 
bacteria, etc.) in the sprinkler head, emitter orifice or supply line, cause 
plugging as do heavy concentrations of algae and suspended solids. The most 
serious clogging problems occur with drip systems. Filtration may be required 
just before use. This makes management of drip irrigation system using treat-
ed wastewater needing more attendance. 

Solutions suggested to the plugging problem are: 
• To avoid problems due to suspended algae that are accumulated on the 
water surface and those problems due to sludge accumulation in the bottom 
of the reservoir, water should be pumped at a depth of about one meter from 
the water surface. 
• Filtering. Depending on the concentration of suspended solids, algae and 
other impurities, gravel, sand or other filters are required with micro-irriga-
tion systems. 
• Selection of the irrigation method. In case of impurities and in absence of 
filtering system, micro-irrigation systems should be avoided. Depending on 
the crop, sprinklers could be a better choice. Even surface irrigation might be 
the preferred one. 
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5

Module 5: Water management strategy to determine the optimal irriga-
tion amount and schedule with different water types

(including treated wastewater)

5.1 Introduction
Alternative water resources for irrigation include treated municipal wastewa-
ter, storm water runoff, and irrigation return flow. The principal concern with 
regard to irrigation using these waters is related to potential adverse effects 
on soil and crops as well as the management that may be necessary to control 
or compensate for water quality related problems.
Success in using treated wastewater for crop production will largely depend 
on adopting appropriate strategies aimed to optimize crop yield and quality, 
maintain soil productivity, and safeguard the environment. Several manage-
ment alternatives are available, and their combination will offer an optimum 
solution for a given set of conditions. The choice of best management strate-
gies for irrigation with recycled water becomes more limited with increasing 
salinity, sodicity, or toxic element concentration. For example, under such 
conditions, leaching and drainage must be increased.

5.2 Choice of Management Strategy of Irrigation with Recycled Water
The user of recycled water should have information about effluent supply and 
quality Table (13) to ensure the formulation and adoption of an appropriate 
on-farm management strategy. The required information includes the quan-
tity of available water, means and timing of its supply, as well as the main 
physical, chemical and microbiological water characteristics.

Table 13: Information on recycled water supply and quality required for the defi-
nition of appropriate management strategy
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Basically, an on-farm strategy for using recycled water consists of a combina-
tion of the following measures:
• Selection of the appropriate irrigation method (Module Four).
• Proper selection of crops with adequate salt and specific ion tolerance.
• Adoption of appropriate management practices:
     o Proper soil amendments and soil management.
   o Leaching and sufficient drainage to dispose of excess water and salts 
     (Module Seven).
     o Adequate timing for both irrigation and leaching.
     o Proper use of fertilizers (Module Six).

Special attention should be paid to the selection of irrigation practices when 
recycled water is characterized by high salinity and sodicity. The most import-
ant recommendations are as follows:
• Verify that soil permeability and drainage are adequate.
• Determine initial salinity and sodicity of the soil and reclaim if necessary.
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• Determine the chemical composition of irrigation water to assess potential 
soil and crops hazards.
• Leach to prevent salt accumulation.
• Fertilize and control weeds and insects, because healthy plants withstand 
salinity better.

Furthermore, in arid and semi-arid areas where there are limited water sup-
plies for irrigation, one option to overcome water scarcity problem could be 
alternate use of recycled water and the conventional sources of water by: 
• Blending conventional water with treated effluent. 
• Using the two sources in rotation.

5.2.1 Amount of Water Used for Irrigation
In irrigation, especially with recycled water, it is important to apply an appro-
priate, well-controlled quantity of water sufficient to meet the crop require-
ments and to prevent accumulation of salts in the soil. The use of insufficient 
water leads to decrease in crop production. However, excessive flooding can 
be more harmful, as it saturates the soil for a long time, inhibiting aeration, 
leaching nutrients, inducing salinization, and polluting underground water. 
Poorly managed irrigation has detrimental effects on land productivity, and 
the cost of land rehabilitation may be prohibitive. 

Irrigation requirements depend on the crop, the period of plant growth, and 
climatic conditions (mainly precipitation and evapotranspiration). In all cas-
es, the water needed for normal plant growth is equal to evapotranspiration 
(more than 99% of the water absorbed by plants is lost by transpiration and 
evaporation from the plant surface). Additional amount is required for leach-
ing practices. Water application efficiency must be also considered. 

Crop evapotranspiration is mainly determined by climatic factors and 
hence can be estimated with accuracy using meteorological data. Detailed
recommendations for the calculation of crop water use are provided by FAO. 
A computer program, CROPWAT, can be downloaded from the FAO website to 
determine the water requirements of various crops from climatic data from 
almost all continents. Table (14) illustrates the water requirements of some
selected crops. Unlike agricultural crops or turfgrass, landscape ornamentals 
are composed of many species (groundcover, shrubs, trees, etc.) with differ-
ent water requirements. In addition, the density of landscape planting and 
microclimate highly influence evapotranspiration and, consequently, water 
needs.
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Table 14: Water Requirement of Selected Crops

Water requirements should be calculated to adjust irrigation rate periodi-
cally, at least monthly, to ensure that the correct amount of recycled water 
is applied at the right time to meet crop requirements, taking into account 
climate variations. It is recommended to apply recycled water only under dry 
weather conditions, with regular inspections to avoid ponding of recycled or 
runoff water.

5.2.2 Irrigation Scheduling
Irrigation scheduling is the application of water to the plant by the amount 
needed and when it is needed to achieve maximum crop production. There-
fore, irrigation scheduling deals with how much water should be applied and 
when that water is to be applied. In other words, it deals with the amount and 
frequency of irrigation water. 
In the previous section, we discussed the amount of water needed by the crop 
(crop consumptive use) and the capability of soil to store water in it for plant 
use. From that discussion, we conclude that the frequency and amount of 
irrigation water depend on:
• Crop consumptive use or the water needed by the crop. 
• The availability of water, if the water available is small then the crop con-
sumptive use decreases. However, this might result in reduction in crop yield 
and if the available water is too low then the plant will wilt. 
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• The capacity of the root zone soil to store water. As the soil acts as a res-
ervoir for water storage with a limited capacity, we should limit the amount 
that we apply each time. This amount should be less than or equal to the 
space available for it in the root zone. Any extra water might be lost through 
drainage.

5.2.2.1 When should we irrigate and much to apply?
The above discussion leads us to the important question which is when we 
should irrigate. This question is usually answered using several methods: 

1. By observing the plant: when the plant starts temporary wilting, that means 
the rate at which water is extracted by the plant is less than plant consump-
tive use. This occurs when the rate of water extraction is reduced because 
of the reduction in the available water. Therefore, water should be applied 
to the plant to provide it with its water requirements. We might exclude the 
wilting which occurs around noon to some crops. Around noon, the crop con-
sumptive use is maximum because the solar radiation and temperature are 
maximum. In some crops, we allow that wilting and monitor the wilting of 
crops at times other than noon time. In general, the appearance of the crop is 
used by most farmers all over the world to decide when they should irrigate. 
This requires experience with the crop type and its value. The disadvantage of 
this method is that it requires experience and the crop will suffer from some 
water stress before we apply water to it which reduces its yield.

2. By observing soil moisture in the field: As plants extract moisture from the 
soil, the moisture content decreases with time. If we monitor the moisture 
content, then when it goes below a certain level, we apply irrigation. The lev-
el at which we apply irrigation depends on soil type and crop type. For most 
vegetables, we allow the available moisture to drop up to 50% of the total 
available water before we apply irrigation. The depletion level is determined 
either by measuring the moisture content or by judging the depletion level 
from the appearance and feeling the soil. Judging using feel and appearance 
requires some experience. Measuring the moisture content is the most accu-
rate method. This could be done using gravimetrical method. The disadvan-
tage of this method is that it takes 24 hours to oven dry the soil sample which 
means we might be late in irrigating our crop one day. Using tensiometers 
or neutron probes could be utilized efficiently in deciding when to irrigate. 
We should take into account that moisture content changes with soil depth. 
In irrigation, we are concerned with the moisture content in the root zone. 
However, plants take most of their water from the top half of the root zone. 
Therefore, we should monitor moisture content at a depth of 15 to 30 cm for 
most vegetables. The average extraction of soil moisture by plant roots be-
tween irrigations in an arid region is shown in Figure (18):
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Figure 18: Water extraction from soil profile

In Figure (18), we see that crops in arid regions take 70% of their moisture 
from the above 50% of the root depth. This requires from us to monitor the 
moisture in the above 50% of the root depth as it will dry first. In most veg-
etables, the root depth is less than one meter (50 to 80cm). That is why we 
recommend monitoring the moisture content at a depth of 15 to 30 cm. One 
should take into account that the top 5 to 10 cm of soil dry quickly due to 
direct evaporation. Therefore, we should look at the moisture below that top 
portion.

3. By maintaining minimum moisture content through estimating crop con-
sumptive use theoretically: The soil acts as the reservoir to store water. The 
maximum amount that the plant can use is:

TAW = (FC-PWP) RD
Where
TAW: total available water for plant use
FC: field capacity (volumetric moisture content)
PWP: permanent wilting point (volumetric moisture content)
RD: root zone depth of the plant

The moisture content should not go down to PWP as the crop wilts there. The 
management allowable deficit (MAD) is the maximum moisture deficit that we 
allow in the root zone. It is defined as: 

MAD = fTAW
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where f is a constant depends on crop type and is taken 50 % for most crops. 
Thus: 

MAD = f (FC-PWP) RD

The actual water deficit is defined as: 

Deficit = (FC-θ) RD

When the actual deficit is equal to or greater than the MAD, irrigation water 
should be applied. 
The actual deficit is estimated using a budget technique from initial moisture 
content and actual ET (calculated from CROPWAT). Or: 

New Deficit = previous Deficit + ETa - Irrigation - Precipitation

The maximum irrigation interval could be estimated as: 

Maximum interval = MAD/ETa
          = f TAW /Eta

5.3 How Important Is Proper Irrigation When Using Reclaimed Water? 
Proper irrigation, applying just what is needed and not over-irrigating, is just 
as important or even more impor¬tant when using reclaimed water.

Over-irrigation results in applying more water than the soil within the plant 
root zone can hold. This results in leaching of water, and the N and P within 
it, into deeper soil layers or into groundwater. 

An efficient, properly maintained, and calibrated irrigation system should 
follow an irrigation schedule based on seasonal water needs for dif¬ferent 
plant types. However, many users of reclaimed water may over-irrigate more 
often than those who use potable water for irrigation. A possible reason for 
this is the typically lower cost of reclaimed water. In addition, many users of 
reclaimed water are charged only a flat monthly fee, no matter how much 
they actually use, and may have a greater tendency to “set and forget” their 
irrigation system. 

The nutrient uptake efficiency of a plant is defined simply as the amount of 
a nutrient taken up by the plant divided by the amount applied. The nutrient 
uptake efficiency is an effective metric to quantify the added nutrients used 
by the plant and not lost to leaching or runoff. The factors that influence the 
nutrient uptake efficiency include the water uptake efficiency and the timing 

https://elearning-rewatermena.org/
https://elearning-rewatermena.org/


5 25 2

and amount of nutrient applications. The water uptake efficiency of a plant 
is simply the quantity of water taken up by the plant divided by the quantity 
of irrigation applied. The higher the water uptake efficiency, the better nutri-
ents are held in the root zone where they can be taken up by plants. So, max-
imizing water uptake efficiency will also improve nutrient uptake efficiency.
 
The scheduling of irrigation is one of the most important functions of the irri-
gation manager. Excessively long intervals without irrigation can lead to water 
stress and crop loss. Irrigating too often can waterlog the soil and allow excess 
effluent to runoff or percolate to groundwater, polluting both groundwater 
and surface water. To ensure that the application site is not overloaded, an 
irrigation schedule should be based on knowledge of the water content of the 
soil and the water requirements of the cultivated crop.

There are direct and indirect methods available to estimate the water content 
of a soil. Direct methods rely on insertion of soil moisture monitors (e.g. neu-
tron probes) at representative sites within the system. Indirect measurements 
estimate plant evapotranspiration by taking direct measurements of rainfall, 
temperature and sometimes evaporation and converting these through recog-
nized models into predicted evapotranspiration for the particular crop being 
grown.

Generally, it is advisable to irrigate the soil to allow a 5 to 10 mm soil water 
deficit. This allows for a buffer capacity in the soil should rain fall soon after 
an irrigation event.

The design must allow for adequate resting periods between irrigation to 
avoid rainfall runoff. For most plant systems a soil moisture deficit of at least 
30 mm should be allowed to accrue before further irrigation takes place.
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6

Module Six: Fertigation management to optimize the required fertilizer 
input considering the nutrient input from irrigation

with treated wastewater

6.1 Introduction
The most important nutrients for crops are nitrogen, phosphorus, potassium, 
zinc, boron, and sulfur. Usually, recycled water contains enough of these ele-
ments to supply a large portion of a crop’s needs. 

The most beneficial nutrient for plants is nitrogen. Both the concentration 
and forms of nitrogen (nitrate and ammonium) need to be considered in irri-
gation water. The relative proportion of each form varies with the origin and 
treatment of the wastewater, but most commonly ammonium is the principal 
form, usually present in a concentration range of 5 to 40 mg N–NH4/L. The 
organic fraction, which may be either soluble or fine particulates, consists of 
a complex mixture including amino acids, amino sugars, and proteins. All of 
these fractions are readily convertible to ammonium through the action of mi-
croorganisms in the wastewater or in soil to which the wastewater is applied. 
During aerobic wastewater treatment, some ammonium could be oxidized to 
nitrates through the action of nitrifying bacteria. Common nitrate concentra-
tions in urban wastewater range from 0 to 30 mg N–NO3/L.

Nitrogen is a macronutrient for plants that is applied on a regular basis. Nev-
ertheless, at very high concentrations (over 30 mg Ntot/L) it can overstimulate 
plant growth, causing problems such as lodging and excessive foliar growth and 
also delay maturity or result in poor crop quality. Nitrogen sensitivity varies 
with the development stage of the crops. It may be beneficial during growth 
stages but causes yield losses during flowering/fruiting stages. The long-term 
effects of excess nitrogen include weak stalks, stems, and/or branches unable 
to support the weight of the vegetation under windy or rainy conditions. 

Pollution of groundwater from the percolation of nitrogen presents a health 
concern. This usually results from excessive application of nutrients in ar-
eas having permeable soils. When nitrogen is washed from soils and reach-
es streams, lakes, canals, and drainage ditches, it stimulates algae growth, 
which can result in plugged filters, valves, pipelines, and sprinklers. In addi-
tion, excessive nitrogen application to pastures may be hazardous to livestock 
that consume the vegetation. 

Potassium in recycled water has little effect on crops. The phosphorus content 
in recycled water is too low to meet a crop’s needs. Over time, phosphorus 
can build up in the soil and reduce the need for supplementation. Although 
excessive phosphorus does not appear to cause serious immediate problems 
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to crop, it may affect future land use because some plants species are sensi-
tive to high phosphorus concentrations. Phosphorus can also be a problem in 
surface water runoff as a limiting factor in eutrophication.

6.2 Adjusting fertilizer applications
The fertilizer value of recycled water is of great importance. The typical 
concentrations of nutrients in treated wastewater effluent from conventional 
sewage treatment processes are nitrogen 50 (20–85) mg N/L, phosphorus 10 
(4–15) mg P/L, and potassium 30 (10–35) mg/L.

In general, irrigation with recycled water (treated urban wastewater) at an 
application rate of 100 mm/ha would provide the following quantity of fertil-
izing elements:
• Total nitrogen, N: 16–62 kg (in arid and semi-arid regions up to 90–300 kg)
• Phosphorus, P: 4–24 kg
• Potassium, K: 2–69 kg
• Calcium, Ca: 18–208 kg
• Magnesium, Mg: 9–110 kg
• Sodium, Na: 27–182 kg (in arid and semi-arid regions up to 200–600 kg)

Assuming an application rate of 5000m3/ha year, the fertilizer contribution of 
the effluent would be:
• N: 250 kg/ha year
• P: 50 kg/ha year
• K: 150 kg/ha year

Thus, all of the nitrogen and much of the phosphorus and potassium normally 
required for agricultural crop production would be supplied by the effluent. 
In addition, other valuable micronutrients and the organic matter contained 
in the effluent will provide complementary fertilizing benefits. 
The fertilizing value of wastewater cannot be assessed using only the results 
of chemical analysis; the analysis should also consider the modifications oc-
curring in the soil among the organic and mineral compounds. These mod-
ifications can change the nutrients taken up by the plants and depend on 
soil characteristics, climate, and type of crops. Additional fertilizers may be 
supplied during specific crop growth stages.
If the recycled water has high nutrient concentrations, it is desirable to 
choose plant species with a high demand for these elements to ensure that 
most of them will be assimilated by the plants. Good assimilation of nutrients 
by the plants will reduce the possibility of a deep nitrogen percolation and 
groundwater pollution. 
As a rule, the phosphorus content in recycled water is too low during the 
early growth period to affect crop yield. Soil phosphorus gradually builds up 
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with time, reducing the need for supplemental phosphorus fertilizers in future 
years. Excess phosphorus has not been a problem to date in reuse schemes, 
and no guideline value is given for phosphorus content in wastewater. How-
ever, it is recommended to check the phosphorus content in recycled water 
in conjunction with soil testing for fertilization planning. The use of recycled 
water for irrigation can only partially meet crop needs. 

Farmers should take into account the fertilizer value of recycled water and 
save money by reducing consumption of fertilizers. They should also keep in 
mind that an excess of nitrogen can reduce the quality of the crops and that 
the nitrogen content of recycled water varies throughout the year, as do plant 
nitrogen requirements, which vary with development stage.

For this reason, nitrogen content of water and soil should be carefully con-
trolled, and measures such as denitrification or crop rotation should be con-
sidered when necessary. Algae growth in storage systems induced by excess 
nitrogen can be minimized by screen filters or chemical control (e.g., copper 
sulfate).

6.3 Should fertilizer be applied when irrigating with reclaimed water?
Depending on the N and P concentrations in reclaimed water, the quantity of 
reclaimed water used for irrigation, and the timing of the N and P supplied, it 
may be possible that little or no additional fertilizer will be needed (if sup¬-
plied in the right amount at the right time). Supplemental fertilizer applica-
tions will depend on the desired crop irrigated.

However, the amount of N and P supplied by reclaimed water is not neces-
sarily the amount that will be used by plants. For example, 1.6 kg of N per 
1000 square meter supplied in small amounts over an entire growing season 
will likely not produce the same results compared to the same 1.6 kg of N per 
1000 square meter supplied at times that it can be best utilized by plants. 
Less than ideal utilization may require application of more than 0.4 kg N per 
1000 square meter of supplemental fertilizer to achieve the same results that 
would be expected from recommended fertilization schedules. Fertilization 
plans should be adjusted based on the timing of the supply of N and P from 
reclaimed water.

The nutrient uptake efficiency of a plant is defined simply as the amount of 
a nutrient taken up by the plant divided by the amount applied. The nutrient 
uptake efficiency is an effective metric to quantify the added nutrients used 
by the plant and not lost to leaching or runoff. The factors that influence the 
nutrient uptake efficiency include the water uptake efficiency and the timing 
and amount of nutrient applications. The water uptake efficiency of a plant 
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is simply the quantity of water taken up by the plant divided by the quantity 
of irrigation applied. The higher the water uptake efficiency, the better nutri-
ents are held in the root zone where they can be taken up by plants.

So, maximizing water uptake efficiency will also improve nutrient uptake ef-
ficiency. Excessive irrigation will reduce the water use efficiency and, in turn, 
the nutrient uptake efficiency. The timing of nutrient applications affects the 
nutrient uptake efficiency, depending on how well it matches plant uptake 
patterns. The more similar nutrient applications are to the uptake pattern of 
the plant, the higher the nutrient uptake efficiency will be. In addition, the 
nutrient uptake efficiency is usually lowest in highly/excessively fertilized 
plants. To take advantage of the N and P in reclaimed water more fully, it is 
recommended that high fertilizer rates not be followed. Effective utilization 
will depend on the timing of the supply and proper irrigation practices.

6.4 What are the concerns when irrigating with reclaimed water? 
Several significant issues with using reclaimed water for irrigation include:
• The timing of the supply of nutrients.
• The relative amounts of N to P in the re¬claimed water compared to the 
relative amounts beneficial to plants.
• The potential to over-apply a nutrient (P in particular) in the process of 
meeting the irrigation needs of the landscape. 

Depending on the timing of the N and P supplied by reclaimed water, the 
amount of N and P in reclaimed water may not be enough to support optimum 
growth during the height of the growing season. Hence, supplemental fertil-
ization may be desired. 

In addition, the plant may not need or use the N and P supplied toward the 
end of the growing season or during the winter dormant season. Care must be 
taken when using reclaimed water to achieve the desired results and to avoid 
applying excess N and P at certain times of the year.
The relative amounts of N to P of reclaimed water are rarely the same as 
those needed by plants. For example, if the plant requirement for one nutri-
ent is met, the requirement of the other is likely not met or is exceeded. If 
the requirement for one nutrient is not yet met, supplemental fertilizer can 
be applied, if desired. Care should be taken to never exceed the plant re-
quirement of either N or P2O5 when irrigating with reclaimed water, since this 
could result in runoff or leaching of excess N and P. 

Finally, care should be taken when irrigating with reclaimed water in loca-
tions where the soils contain ample P or where P pollution of surface water or 
groundwater is a problem. 
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6.5 Final Remark
While reclaimed water contains N and P that can poten¬tially be used by 
plants, these nutrients can be effectively utilized only when delivered in the 
right manner and at the right time. 
Effectively utilizing the N and P in reclaimed water and avoiding unintended 
environmental impacts will depend on the following: 
• Knowing the amount and timing of the supply of N and P in reclaimed water.
• Knowing the N and P uptake pattern of the plants irrigated with reclaimed 
water.
• Practicing proper irrigation to avoid over-irrigation, maximize nutrient up-
take efficiency. 

Currently, there is not enough information to make specific recommenda-
tions on the amount of N and P in reclaimed water that plants will use or 
the amount that fertilizer applications can be reduced when irrigating with 
reclaimed water. The amount of N and P in reclaimed water that plants use 
will vary on a case-by-case basis and will depend on the amount supplied, the 
timing of supply, and the efficiency of the irrigation system. 

In general, for those who wish to maximize the nutrient uptake efficiency, it 
is best to begin on the low end of fertilizer applications when irrigating with 
reclaimed water. A topic of current research is to find detailed recommenda-
tions on the amount of N and P that plants will use from reclaimed water and 
the amount that fertilizer applications can be reduced when irrigating with 
reclaimed water.
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7

Module Seven: Monitoring of electrical conductivity(proportional to salt 
concentration) in the irrigation water and in irrigated soil

7.1 Introduction
Water quality is the most important issue in water reuse systems that deter-
mines the acceptability and safety of the use of recycled water for a given 
reuse application. For each category of water reuse, the definition of appro-
priate water quality is driven by a number of health, safety, sociopsychologi-
cal, and technical-economic criteria.

As a rule, water quality objectives are set by guidelines and regulations, which 
in turn determine the treatment technology to be used. Thorough knowledge 
and appropriate monitoring of water quality is needed to protect public health 
and minimize the negative impact of recycled water on irrigated crops.

For irrigation with recycled water, parameters of agronomic significance, are 
of concern depending on the characteristics of the systems where the plants 
grow. When the parameters vary outside a certain range determined by crop 
nature, soil, and agronomic practices, water may be unsuitable for agricultur-
al use. Agricultural irrigation guidelines, which define this range of variation 
of irrigation water quality, have been developed to help farmers, operators, 
and decision makers. If recycled water quality does not match these guideline 
values, growers can either select more tolerant crops, manage soil character-
istics, or change agronomic practices.

Some parameters are chosen and used for regulatory purposes and to monitor 
the treatment efficiency of a process or before reuse, depending on the type 
of reuse or regional specificities. For agricultural reuse, water salinity is of 
great concern.

7.2 Salinity
Compared to many other irrigation waters, recycled water generally has a 
low to medium salinity with electrical conductivity of 0.6 to 1.7 dS/m. Some 
dissolved mineral salts are identified as nutrients and are beneficial for plant 
growth, while others may be phytotoxic or may become so at high concentra-
tions.

The major salinity sources in recycled water are drinking water (especially 
hardness and naturally occurring salts), salts added by urban or industrial wa-
ter use, infiltration of brackish water into sewers, and agricultural irrigation 
(impact on groundwater salinity). As a rule, residential use of water typically 
adds about 300_100 mg/L of dissolved salts. Consequently, if the drinking 
water used by a given municipality is of acceptable quality for irrigation, the 
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treated municipal water will also be of acceptable quality. The main excep-
tions would be the coastal areas, where infiltration of saline water in sewers 
is a concern, or where industrial wastes with unacceptable contaminants are 
discharged into urban sewers (e.g., brines). 

Salinity in the soil is related to, and often determined by, the salinity of irri-
gation water. The rate at which salts accumulate to undesirable levels in soils 
depends on the following factors:
• Their concentration in the irrigation water.
• The amount of water applied annually.
• Annual precipitation.
• Evapotranspiration.
• Soil characteristics, both physical and chemical.

Dissolved salts increase the osmotic pressure of soil water and consequently 
lead to an increase in the energy plants must expend to take up water from 
the soil. As a result, respiration is increased, and the growth and yield of most 
plants decline progressively as osmotic pressure increases.

Water salinity can be reported either as total dissolved solids (TDS, mg/L) or 
as electrical conductivity (ECw), measured in mmhos/cm or most correctly in 
dS/m. The relationship between ECw and TDS is approximately: 

ECw (dS/m) = 640 X TDS (mg/L)

The symbol ECe is used to designate the electrical conductivity of the soil 
saturation extract.

Recently, the classification of saline water has been reconsidered Table (15) 
on the basis of research and practical observations.

This classification must be used only as a guideline to determine the level of 
salinity of irrigation waters. It is important to stress that Table (15) cannot be 
used to assess the suitability of saline water for irrigation, because a number 
of other conditions must be taken into account, including crop, climate, soil, 
irrigation method, and management practices.

Generally, non-saline water is characterized by TDS < 500 mg/L and ECw < 0.7 
dS/m, maximum salt content in slightly saline waters is TDS < 2000 mg/L and 
ECw < 3dS/m, and water is considered as brine when TDS > 30,000 mg/L and 
ECw > 42 dS/m.

As a rule, recycled urban water salinity is below 2 dS/m, with some excep-
tions in dry countries and coastal areas.
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Table 15: Classification of Irrigation Water According to Salinity

7.2.1 Code of practices to overcome salinity hazards
The most important factor for crop selection is the salinity of the irrigation 
water. In general, TDS of > 4000 mg/L or conductivity of > 6 dS/m represent a 
significant quality problem for irrigation. In some cases, high chloride concen-
trations are the controlling parameter affecting reuse potential for irrigation. 
Good salinity management practices can allow irrigation with total dissolved 
solids up to 7000 mg/L. In some cases, application of saline water for irrigation 
of agricultural crops (conductivity range 2–7 dS/m) leads to improvement of 
fruit quality due to higher sugar content. The rate of salt accumulation in the 
soil depends upon the quantity of salt applied with the irrigation water and 
will increase as water is removed from the soil by evaporation and transpira-
tion. The adverse effects of salinity are usually associated with an increase in 
soil salinity and the osmotic pressure in the soil solutions, and thereby with 
adverse effects on both crop and soil. Plants will use more and more energy 
to extract water from a saline soil solution and therefore put less into their 
growth. It is, therefore, important to prevent harmful concentrations of salts 
in the root zone of irrigated crops or at least to maintain a portion of the root 
below salinity levels that a given crop can tolerate.
The main management practices for the safe use of saline recycled water for 
irrigation are as follows:
• Source control.
• Selection of crops or crop varieties that will produce satisfactory yields un-
der the existing or predicted conditions of salinity or sodicity.
• Special planting procedures that minimize or compensate for salt accumula-
tion in the vicinity of the seeds.
• Irrigation to maintain a relatively high level of soil moisture and to achieve 
periodic soil leaching.
• Land preparation to increase the uniformity of water distribution and infil-
tration, leaching, drainage, and removal of salinity. 
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• Special treatments such as tillage and addition of chemical amendments, 
organic matter, and growing green manure crops to maintain soil permeability 
and tilth.
The crop grown, quality of irrigation water, rainfall pattern, climate, and soil 
properties determine to a large degree the kind and extent of management 
practices needed.

7.2.1.1 Source Control
Source control is the first and the most affordable measure for water reuse 
managers to address salinity issues. It is important to protect urban waste-
water for beneficial reuse by treating or diverting poorer quality industrial 
and commercial brine waste streams in separate sewers or ocean outfalls 
(brine-disposal measures). It is important to underline that, as a rule, no 
limits on TDS concentrations exist for discharge of industrial wastewater in ur-
ban sewers. Other measures for source control include the rehabilitation and 
repair of leaky sewers infiltrated by brackish water. Some restrictions can be 
made on the use of certain types of residential softeners and other products 
for domestic use that are major sources of salts in wastewater. Such salinity 
control measures offer significant economic and public benefits not only for 
crop production and increased life of plumbing and irrigation systems, but 
also for all urban and industrial users.

7.2.1.2 Crop Selection
Not all plants respond to salinity in a similar manner; some crops can pro-
duce acceptable yields at much higher soil salinity than others. This is be-
cause some crops are better able to make the needed osmotic adjustments, 
enabling them to extract more water from a saline soil. Plants capable of 
good growth in saline environments and of extracting salts from the natural 
environment should also be considered in these cases. The ability of a crop 
to adjust to salinity is extremely useful. In areas where a build-up of soil sa-
linity cannot be controlled at an acceptable concentration for the crop being 
grown, an alternative crop can be selected that is both more tolerant to the 
expected soil salinity and able to produce economic yields. The relative salt 
tolerance of most agricultural crops is known well enough to provide general 
salt tolerance guidelines. For specific crops, local tests can also be carried out 
to study their salt tolerance. 
Crops can be divided into four groups depending on their salt tolerance at the 
root zone:
1. Sensitive crops can be used when the water is suitable for irrigation of most 
crops on most soils with little likelihood that soil salinity will develop. Some 
leaching is required, but this occurs under normal irrigation practices, except 
in soils of extremely low permeability.
2. Moderately sensitive crops can be used if a moderate amount of leaching 
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occurs. Plants with moderate salt tolerance can be grown in most cases with-
out special practices for salinity control.
3. Moderately tolerant crops should be selected when the water cannot be 
used on soils with restricted drainage. Even with adequate drainage, special 
management for salinity control may be required.
4. Tolerant crops should be selected when the water is not suitable for irriga-
tion under ordinary conditions but may be used occasionally under very special 
circumstances. In this case, the soil must be permeable, drained adequately, 
and irrigation water applied in excess to provide considerable leaching.
Guidelines for the use of recycled water with varying salinity for irrigation of 
these four groups of crops are provided in Table (16) Table (17) summarizes 
the most relevant management practices for crop selection to avoid salinity 
hazards.

Table 16: Guidelines for the Classification and Use of Brackish Water for Irrigation
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Table 17: Recommendations for Crop Selection to Overcome Salinity Hazards

The yield potential of some crops depending on water and soil salinity. Table 
will be distributed to the participants during the lecture which summarize the 
yield potential reduction of crops. The salt tolerance data in this table are 
used for conventionally irrigated crops. However, drip irrigation can maintain 
a high level of humidity in the root zone and a salinity level almost similar to 
that of the irrigation water. 
Salt tolerance also depends on the type, method, and frequency of irrigation. 
The prevalent salt tolerance data apply most directly to crops irrigated by 
surface methods and conventional irrigation management. Salt concentra-
tions may differ several fold within irrigated soil profiles, and they change 
constantly. At the same time, the plant is most responsive to salinity in the 
root zone, where water uptake occurs. For this reason, salt concentration 
should be measured in the root zone. The best performance of irrigation with 
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highly saline water has been reported for drip irrigation.
Sprinkler-irrigated crops are potentially subject to additional damage caused 
by foliar salt uptake and desiccation (burn) from spray contact with the foli-
age. Susceptibility of plants to foliar salt injury depends on leaf characteristics 
affecting the rate of absorption and is not generally correlated with tolerance 
to soil salinity. The degree of spray injury varies with weather conditions, 
being especially high when the weather is hot and dry. Night sprinkling has 
been proved to be advantageous in a number of cases. The information con-
cerning the susceptibility of crops to foliar injury from saline sprinkling water 
is limited and indicates the most sensitive crops to be fruits and nuts, such as 
almond, apricot, citrus, and plum.

7.2.2 Code of management practices of water application 
Water and soil management play an important role in the successful use of 
recycled water for irrigation.

7.2.2.1 Leaching and Drainage
Appropriate water-management practices must be followed to prevent sali-
nization. If accumulated salts are not flushed out of the root zone by leach-
ing and removed from the soil by effective drainage, salinity problems can 
build up rapidly. Consequently, leaching and drainage are two important wa-
ter-management practices to avoid salinization of soils.

7.2.2.1.1 Leaching
Under irrigated agriculture, a certain amount of excess irrigation water is 
required to percolate through the root zone to remove the salts that have 
accumulated as a result of irrigation and evapotranspiration. This process of 
displacing the salts from the root zone is called leaching, and that portion of 
the irrigation water that mobilizes the excess of salts is called the leaching 
fraction. Salinity control by effective leaching of the root zone becomes more 
important as irrigation water becomes more saline.
The leaching fraction (LF) is equal to the depth of water that passes down 
below the root zone divided by the depth of water applied at the surface of 
the soil. To estimate the leaching requirement (LR), both the irrigation water 
salinity (ECw) and the crop tolerance to soil salinity (ECe) must be known and 
used in the following equation:

Where:
LR = the minimum leaching requirement needed to control salts within the 
tolerance ECe of the crop with ordinary surface methods of irrigation
ECw = the salinity of the applied irrigation water, dS/m
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ECe = the average soil salinity tolerated by the crop as measured in a soil sat-
uration extract (it is recommended to use in this calculation an ECe value that 
can be expected to result in at least 90% or greater crop yield).

The total annual depth of water that needs to be applied to meet both the 
crop demand and leaching requirement can be estimated from Equation:

Where:
AW = the depth of applied water, mm/year
ET = the total annual crop water demand, mm/year
LR = the leaching requirement expressed as a fraction (LF mentioned above).

Depending on the salinity status, leaching can be carried out at each irriga-
tion, every other irrigation, or less frequently. With good-quality recycled 
water the irrigation application level will almost always apply sufficient extra 
water to accomplish leaching. With high-salinity irrigation water, meeting the 
leaching requirement is difficult and requires large amounts of water. 

Soil leaching is needed for almost all crops when electrical conductivities of 
saturation extracts exceed 10 dS/m and for moderately tolerant crops for val-
ues over 3 dS/m. The salinity of the upper 0.6m of soil is of greatest concern. 
In general, application of 10–20 cm of water before planting coupled with a 
similar irrigation immediately following planting is often sufficient. Leaching 
by such pre-irrigation can be achieved by flood, sprinkler, or trickle irrigation. 
Salinity level higher than 10 dS/m may require more leaching. 

Rainfall must be considered in estimating the leaching requirement and in 
choosing the leaching method. In years with average or high rainfall, suffi-
cient leaching may take place as a result of rainfall events. However, this is 
unlikely to happen in years with less than average rainfall. Rainfall seasonal 
distribution is also to be considered.

Furthermore, in dry years, the effluent may become more saline as a result of 
changed water use habits by contributors to the waste stream, greater con-
centration in storage ponds due to less dilution by rainfall, and greater water 
loss by evaporation. In order to ensure sufficient leaching, the soil must be 
sufficiently permeable. This is an essential selection criterion for a successful 
irrigation with most types of recycled water. 

If irrigation with recycled water is managed in such a way that salt does not 
accumulate in the root zone, then a question needs to be asked: What is the 
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ultimate fate of the added salt? This will depend largely on the underlying 
stratigraphy and groundwater conditions. If the underlying material is suf-
ficiently porous, more salt could be stored between the root zone and the 
water table. Nevertheless, this storage directly below the irrigation site is 
limited and not a long-term solution. Once it is filled, salt will reach the water 
table, lateral movement is probable, and the salt will move off-site.

7.2.2.1.2 Drainage
Drainage is defined as the removal of excess water from the soil surface (sur-
face drainage) and below the surface (subsurface drainage) so as to permit 
optimum growth of plants. The importance of drainage for successful irrigated 
agriculture has been well demonstrated. It is particularly important in semiar-
id and arid areas to prevent secondary salinization. In these areas, the water 
table will rise with irrigation when the natural internal drainage of the soil is 
not adequate. When the water table is within a few meters of the soil surface, 
capillary rise of saline groundwater will transport salts to the soil surface. At 
the surface, water evaporates, leaving the salts behind. If this process is not 
under control, salt accumulation will continue, resulting in salinization of the 
soil. In such cases, subsurface drainage can control the rise of the water table 
and, hence, prevent salinization. 

Salinity problems in many irrigation projects in arid and semi-arid areas are 
associated with the presence of a shallow water table. In this context, the 
role of drainage is to lower the water table to a desirable level, at which it 
does not contribute to the transport of salts to the root zone and the soil sur-
face by capillarity phenomena. 

The important elements of the total drainage system are as follows: 
• Ability to maintain a downward movement of water and salt through soils. 
• Capacity to transport the desired amount of drained water out of the irri-
gation scheme. 
• Facility to dispose of drained water safely. 

Such disposal can pose a serious problem, particularly when the source of 
irrigation water is treated wastewater, depending on the composition of the 
drainage effluent.
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