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The problem of water scarcity has a global recognition, due to its severe impacts on the 

environment, human activities and health. In Europe, the lack of available water resources 

has led to the need for modernization of water management strategies. One of the most 

promising solutions is the reuse of treated wastewater in agriculture. It could mitigate 

water shortage, support agriculture sector and protect groundwater resources. 

This work is focused on the evaluation of reclaimed wastewater, which was treated in a 

pilot membrane bioreactor (MBR) plant. The main aims are to determine the composition 

of the treated wastewater and to evaluate its suitability for irrigation by identifying 

potential risks on crops, local environment and human health.  

In general, the pilot MBR showed good treatment efficiency of municipal wastewater. 

The goal to maintain the nutrient content of  reclaimed water (RW) had resulted to a 

higher level of their presence in the effluent that is recommended by the international 

guidelines. The only concern was caused by the high concentrations of chloride and 

copper in the RW. Therefore, these chemicals must be controlled more carefully. 

According to the statistical assessment, the performance of the MBR plant may depend 

on changes in ambient temperature and in precipitation rates. There is also a need to 

develop new legislation at the European level with a specific emphasis on the wastewater 

reuse in agriculture.   
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1 INTRODUCTION 

The thesis is focused on the analysis of treated municipal wastewater reuse potential for 

irrigation practices in agriculture. The research is carried out under the patronage of the 

Institute for Mediterranean and Subtropical Horticulture "La Mayora" in Malaga, Spain. 

It is part of the sustainable agriculture project that is known as ¨RichWater ¨. The project 

takes place in Algarrobo, Spain and is maintained by several partners, including the 

wastewater engineering company Bioazul, the laboratory NeoIntegra and already 

mentioned the Research Institute La Mayora. The municipal wastewater (MWW) is 

collected to the municipal wastewater treatment plant (MWWTP), and part of it is treated 

by the membrane bioreactor (MBR). The treated water, also known as reclaimed water, 

is reused to irrigate fruit trees in the experimental agricultural site.  

1.1 Background  

Water is one of the most essential natural resources of our planet. It is significant not only 

for human needs, such as industry, agriculture and economic growth, but also water plays 

crucial role for the environment and nature conservation. In spite of being renewed 

constantly, water is limited and cannot be replaced with other resources. (COM, 2012) 

Lots of countries and communities are facing problem of water scarcity, which is 

described as a lack of available freshwater resources. During the last 30 years, water 

scarcity has affected 17% of European territory and around 11% of its population.  One 

fifth of Mediterranean population constantly suffers from water stress, and lack of 

available water triggers up to 50% of population in Mediterranean region during summer, 

that includes Spain, Portugal, the Italian peninsula, Cyprus, Greece, Malta and Southern 

France. (European Commission, 2018a) Water scarcity occurs due to natural and 

anthropogenic impacts. The climate change causes prolonged drought periods, while the 

rapid growth of population results in increasing demand of freshwater for agriculture, 

domestic use and industry. (Chartzoulakis and Bertaki, 2015, 1) 

The problem with water deficiency has a global recognition. The Millennium Project has 

included a water scarcity into the list of 15 Global Challenges. It raises questions related 

to the access for sufficient clean water and how to achieve a balance between population 

growth and natural resources, such as water, energy and food. (Millennium-project.org, 
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2018) In Europe shortage of water resources led to understanding that water is a limited 

resource and its management has been reconsidered. The protection of water resources 

and all water users is the main goal of the WFD 2000/60/EC. 

Spain is one of the leading European producers of fruit and vegetables. According to 

Ministry of Agriculture, Nutrition and Environment of Spain (2015), agricultural food 

industry accounts for 9% of the national economy and generates 2,4 million jobs. Its 

export covers 17% of foreign trade in 2015, which makes agricultural industry the second 

most important export industry of Spain. (Ministry of Agriculture, Nutrition and 

Environment, 2016) In South region of Spain, Andalucía, agriculture is a vital element of 

economic growth. Rural areas depend on agriculture even more, as it could be the only 

option for stable income. At the same time, this region has one of the lowest amount of 

available freshwater, due to deficit of annual rainfall and long season of draught. 

Therefore, water scarcity is a problem of high concern in Spain, particularly in Andalucía, 

because it affects the local economy and well-being of habitants involved in agriculture. 

The struggle of water availability includes as well providing required amount of water at 

the right place and at the right time, that can be very costly.  

Spanish Government and society have begun to realize that the water scarcity is a real 

issue and current management of water resources is on need of modernization. One of the 

most prospective solutions is to reuse treated wastewater in agriculture. This method can 

significantly reduce the amount of required freshwater from environmental water 

resources. Treated wastewater often contains nutrients, for instance nitrogen and 

phosphate, which are valuable fertilizers. However, the use of TWW can be hazardous 

for environment and human health, if the wastewater treatment system is designed or 

maintained incorrect.  

1.2 Scope and objectives  

The main aims of the research work are: to determine the composition of reclaimed 

wastewater treated by membrane bioreactor along the year and to evaluate its suitability 

for irrigation by identifying potential risks on crops, local environment and human health. 

The boundaries of the work exclude the analysis of crops and soil, focusing on the 
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composition and quality of treated wastewater for irrigation. A set of objectives is defined 

to provide input into achieving the aims:  

- Evaluation of the membrane bioreactor treatment facility (MBR) of RichWater project, 

based on the analysis of water samples. It includes the assessment of recovery rate of 

water nutrients and removal efficiency of specific water quality parameters for 

treatment of municipal wastewater (MWW) in accordance with the Directive 

91/271/EEC.  Statistical analysis is conducted to identify possible correlations between 

ambient climate conditions and a quality of reclaimed wastewater.  

- Comparative analysis of two water types used for agricultural irrigation, such as 

reclaimed wastewater (RW) from the MBR treatment plant and fresh local water (LW) 

from natural water reservoir. Assessment has been conducted based on water quality 

parameters and by taken into consideration the recommended limit values of Spanish 

legislation and international guidelines related to wastewater reuse; 

- Review of local (Spanish) and international legislations regarding to reuse of urban 

wastewater; The emphasis is done towards threshold values of individual water quality 

parameters and their sufficiency for irrigation of tomato, avocado and mango trees, 

which are the crops economically more relevant in Algarrrobo municipality 

 

2 MUNICIPAL WASTEWATER TREATMENT 

Municipal and industrial wastewaters are the major source of pollution of natural water 

bodies. Untreated or incorrectly treated wastewater discharges could lead to adverse 

impacts, including excessive nutrient loads, which cause eutrophication. It  induces 

biodiversity losses and decreases the quality of drinking or bathing water supplies. Thus, 

water pollution by wastewater discharges effects not only environment but also public 

health. (Oller I. et al 2016, 145) Moreover, economic sector may incur losses too, because 

of poorly treated or untreated wastewater discharges. For instance, tourism in the coast of 

Andalusia depends a lot on the quality of sea water, as it is one of the main attractions for 

tourists, whereas treated wastewater flows to the sea. To ensure sufficient purification of 

municipal and urban wastewater, treatment plants must operate according to the 

requirements of legislation. In European Union (EU), the Urban Wastewater Treatment 
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Directive (91/271/EEC) is a fundamental regulation of water legislation (Oller I. et al 

2016, 147).  

There are two ways of wastewater treatment- conventional and advanced systems. 

Conventional methods for municipal wastewater treatment (MWWT) are preferred and 

used by 80% of the population in the EU countries. At the same time, 85% of MWWTPs 

in north and south of Europe are equipped with tertiary treatment system, as noted by the 

European Environmental Agency (EEA, 2013). The third stage of wastewater treatment 

provides a removal of nutrients or recalcitrant organic substances, which have left after 

secondary treatment. (Oller I. et al 2016, 147) 

Conventional treatment of urban wastewater consists from several stages: preliminary, 

primary, secondary and tertiary treatments, where physical, biological and chemical 

processes are implemented. The most common way of treatment is a conventional 

activated sludge (CAS) system, that applies biological process to remove pathogens and 

excessive bulk of organic and inorganic matter. The main disadvantage of the 

conventional MWWT is an inability to work with buffer changes in inlet wastewater. The 

treatment efficiency of CAS system is influenced by seasonal changes, such as heavy 

rains or increased water consumption due to tourism, and their effect to concentration of 

contaminants in inlet wastewater. Another drawback is that conventional urban 

wastewater treatment methods may not be efficient enough to remove contaminants of 

emerging concern (CECs), including substances from pharmaceuticals and personal care 

products. The adverse effects of the CECs are still not known completely, but the 

importance for their removal is already apparent. (Oller I. et al 2016, 151) 

2.1 Advanced Water Treatment  

Advanced water treatment technologies have proved to be more effective for treatment of 

the CECs than conventional methods (Oller I. et al 2016, 164). They are also used for 

removal of organic and inorganic matter, microbiological contamination and suspended 

solids. This sub-chapter is focused on the comparison between different advanced 

technologies for wastewater purification conductive to identify the most promising 

method or methods, which could be applied to generate the reclaimed wastewater for 

diverse reuse applications. The choice is done towards advanced technologies, which are 
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well-known and already used in real-life applications. These methods are membrane 

filtration, adsorption and two advanced oxidation processes (AOPs), such as ozone and 

UV light disinfections, and the overall comparison of their main characteristics is 

presented in the Table 1.  

 

Table 1. Overall comparison of Advanced Treatment Options (Author, 2018) 

Methods Membrane 

Technologies 
Adsorption Ozone UV light 

Characteristics 

Removal 

efficiency 

organic and 

inorganic comp.  

microbiological 

cont.  and CECs 

organic comp., 

chlorine, fluorine, 

radon, certain 

CECs 

microbiologic

al cont., HM, 

certain CECs 

microbiological 

contamination 

Chemicals no carbon ozone no 

Failing yes, fouling yes, regeneration  yes, fouling 

By-products no no yes no 

Waste stream concentrate used filters no no 

Energy 

consumption 
high -  high high 

Operation & 

Maintenance 

high 

investment, 

can be 

automated, 

periodic 

cleaning of 

membranes 

periodic 

regeneration, 

easy operation 

 

requires safety 

measures & 

qualified 

personnel 

 

easy operation, 

control of tubes 

fouling 

Applications 

WWTPs, 

suitable for 

water reuse 

drinking water 

production, 

tertiary WWTPs 

drinking water 

production, 

tertiary 

WWTPs 

tertiary WWTPs 

& 

swimming pools 

 

Membrane technologies (MBT) are effective methods for removing a wide range of 

contaminants, including organic and inorganic contaminants and microorganisms. One of 
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the key advantages is that the treatment efficiency of MBT is good enough to produce 

reclaimed water for reuse and recovery applications. Microfiltration (MF) and 

ultrafiltration (UF) membranes together with a biological treatment are already used as a 

secondary treatment of municipal wastewater. This option is known as a membrane 

bioreactor (MBR) and is an alternative to the secondary treatment with CAS. (González 

et al., 2015, 9-10) The system is efficient for treatment of hormones and certain 

pharmaceuticals as well. However, the membranes have tendency for fouling and need to 

be cleaned time to time. The main drawbacks are operating expenses to membrane-

fouling control, membrane replacement and energy consumption. (Oller I. et al 2016, 152) 

According to González et al. (2015), another negative aspect of membrane technology is 

generation of concentrates in high volumes and their common discharge to natural water 

bodies, that is not currently regulated. Proper treatment of a concentrated waste stream 

before its release to environment could be a solution for this issue.  

Adsorption with activated carbon is based on the accumulation of contaminants into the 

surface.  Molecules of a substance (adsorbate) are collected on the surface of another 

substance (adsorbent), in this case on the surface of activated carbon. Adsorption method 

can remove certain organic compounds, chlorine, fluorine and radon and is effective for 

removal of dissolved organic carbon (DOC) and microcontaminants. But it is not suitable 

for treatment of metals, inorganic compounds and microbiological contaminants. 

Adsorption process is easier to operate compare to AOPs. However, adsorption with 

activated carbon does not destroy pollutants. It requires periodic replacement of the filter 

material, otherwise there is a risk of microcontaminants´ release to effluent (González et 

al., 2015, 30). Adsorption with activated carbon is mainly used in a production of drinking 

water, but it can be also applied as a tertiary treatment in MWWT plants for filtering 

micropollutants from effluent. (Mazille and Spuhler, 2018) 

Advanced oxidation processes (AOPs) are innovative treatment solutions, which getting 

more recognition in the field of wastewater treatment. It includes a group of chemical 

processes, which employ hydrogen peroxide (H2O2), UV light and ozone (O3) in 

combination or singly.  The main application is the removal of organic contaminants in 

wastewater by oxidation through reactions with hydroxyl radicals. The treatment 

efficiency of AOPs for organic contaminants is proven at laboratory scale. The key 
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advantages of these processes are non-selectivity of hydroxyl radicals (·OH) and zero 

waste stream generation. They are relatively easy automated and controlled. However, 

high chemical requirement together with high energy consumption are general 

disadvantages of AOPs. These drawbacks lead to increased operation costs and need to 

be taken into consideration. (González et al., 2015, 27-28) 

Ozone is an excellent disinfectant with high removal of microbiological compounds, such 

as bacteria and viruses and heavy metals. Applications of ozonation method are 

disinfection in production of drinking water and in wastewater treatment. It oxidizes 

organic matter and several microcontaminants to compounds, which can be filtered from 

water. There is no need for further treatment, and ozonation does not generate a waste 

stream. However, ozone is a toxic and explosive gas, which can irritate the respiratory 

system and damage lung function. The list of diseases related to the ozone exposure 

includes asthma, heart attack, bronchitis and other ones. (EPA, 2016) Ozonation 

technology requires safety measures and qualified personnel for installation and 

maintenance. Another drawback is a generation of hazardous by-products, for instance 

bromate or nitrosamines. Under normal operation conditions the number of by-products 

is below the recommended limit values. (González et al., 2015, 33) 

Ultraviolet (UV-light) disinfection system is a physical process and does not need any 

chemical disinfectant. It neutralizes microorganisms in the effluent, while they pass by 

UV lamps. Electromagnetic energy is transferred from mercury arc lamp to organisms’ 

genetic material, where UV passes cell wall and destroys reproduction function of cell. 

Eventually organisms cannot reproduce and die. There are no residuals or by-products 

formed during the treatment, which can be dangerous for environment and human health. 

UV light is an effective method for disinfection of water from viruses, cysts and spores.  

Equipment consists from lamps, reactor and ballasts and requires less space compare to 

other methods. Nevertheless, efficiency of disinfection with UV depends negatively on 

high rates of turbidity and total suspended solids (TSS). Maintenance of lamps should 

include controlling of tubes fouling. UV disinfection is used in WWT plants as a tertiary 

treatment and in swimming pools. (EPA, 1999, 1-3) 

Overall, each of these advanced technologies has proved to be capable for treatment of 

wastewater and can be applied as a secondary or tertiary treatment stages. Membrane 
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technologies are more suitable as a treatment option for wastewater reuse. The preferred 

option is a combination of biological treatment and membrane reactor. (González et al., 

2015, 9-10) MBR can be followed with tertiary treatment stage, that is focused on water 

disinfection, to achieve reclaimed water with better quality. Chlorine disinfection is a 

valid method and is used in conventional activated sludge plants. Nevertheless, further 

dechlorinating may be necessary, because the residuals of chlorine in reclaimed water can 

be toxic to environment and human health, which is not acceptable for several reuse 

purposes, such as agricultural and environmental applications. Ozonation is another 

promising disinfection option, that is more effective compare to chlorination, though 

ozone is a reactive and toxic gas. In the opposite to disinfection methods above, UV 

filtration does not produce by-products or residuals in the effluent water. It is also 

successful solution for tertiary treatment. To sum up, membrane bioreactor with UV light 

disinfection is an appropriate treatment option for production high quality effluent, that 

can be reused in numerous applications. (Yin and Xagoraraki, 2015, 232-235) 

2.2 Membrane bioreactor 

Membrane bioreactor (MBR) is a combination of activated sludge process and physical 

separation by membrane filtration. Biomass is removed in a highly aerated tank, where 

nutrients are removed by implementing biological processes, while membrane filters 

other contaminants. The main advantages of the MBR are production of effluent with 

high quality, compactness of MBR plants, possibility for expansion of plant capacity and 

small overall footprint. (Yin and Xagoraraki, 2015, 228) Together with the tendency to 

reduce the cost of membranes, the use of MBR as a municipal wastewater treatment 

technology has become more attractive and competitive in recent years. Other 

applications of the MBR are water desalination, treatment of brackish groundwater, 

treatment of industrial and agricultural wastewater and water softening.  This system is 

also appealing for wastewater recovery options, for instance agricultural irrigation or 

environmental use, where current legislation consists from strict regulations and 

limitations for quality of reuse water. (Oller I. et al 2016, 152) Due to beneficial features 

of MBR systems, some research papers have mentioned that membrane bioreactors are a 

superior method for wastewater recovery, which can provide enough water resources to 

satisfy growing water demand. (Yin and Xagoraraki, 2015, 223; González et al., 2015, 9) 
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The confidence in this technology is only increasing, which leads to growth of the number 

of treatment plants applying MBR method (Arévalo et al., 2012, 22; Bertanza and 

Pedrazzani, 2012, 31).  

Membrane is a selective barrier that can separate particles and molecules in water by 

sieving and diffusion mechanisms. It consists from lots of pores with a specific size. 

Particles with size larger than pores are trapped by membrane, while influent water with 

smaller particles pass through the pores. Membranes are made from various materials, 

including polymers, metal, ceramic and liquid. There are four types of membranes based 

on their pore size (Table 2). Microfiltration (MF) is used for removal of suspended solids, 

ultrafiltration (UF) treats macromolecules, nanofiltration (NF) can filter multivalent ions 

and reverse osmosis removes monovalent ions. (Repo, 2016) MF and UF types of 

membranes are used in the MBR for wastewater treatment. (González et al., 2015, 10) 

The pore size for the effective filtration is generally less than 0,1 μm (Bertanza and 

Pedrazzani, 2012, 33). According to Cote at al. (2005), ultrafiltration is the best available 

technology for water reuse.  

 

Table 2. Types of membranes (Repo, 2016, 11) 

Membrane Pore size Pollutants removal  

MF 0,1-1 μm Bacteria, cysts, spores 

UF 1 nm-100 nm Proteins, viruses, endotoxins, pyrogens 

NF 1nm Sugars and pesticides 

RO < 1 nm Salts and sugars 

  

There are two ways to combine membrane module with activated sludge process (Figure 

1). The side stream configuration is when activated sludge is pumped through membrane 

modules and is recycled later. The submerged configuration- the membranes are 

immersed in a mixed solution, and wastewater  is pumped mechanically or by gravity 

flow. This MBR system is more cost-effective and consumes less energy compare to side 

stream system. Membrane configurations, which applicable for MBRs are hollow fibre, 

flat sheet and tubular. (Yin and Xagoraraki, 2015, 227) All of them require adequate 
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turbulence of membrane surface (Bertanza and Pedrazzani, 2012, 33). Arévalo et al. 

(2012) noticed that the most common configurations are ultrafiltration hollow fibre 

(UFHF) and microfiltration flat sheet or plate (MFFP). UFHF treats bigger quantity of 

water, while MFFP is installed in greater number of plants.  Effluent after treatment with 

UFHF has better quality in terms of its microbiological and physicochemical quality. 

(Arévalo et al., 2012, 27) 

 

 

Figure 1. MBR configurations a) side stream MBR, b) submerged MBR (Pileggi, 2016) 

The major obstacle of MBR treatment systems is the membrane fouling. Particles, such 

as biosolids, colloidal species and macromolecular species, are deposited and 

accumulated on membrane surface. It leads to blocking of pores and to overall reduction 

in performance of membranes, which consequently increases the maintenance and 

operational costs. The biofilm caused by fouling has two layers- a gel layer in the inner 

part and an outer cake layer. Gel layer can be characterised as thin and compact with a 

strong attachment to the membrane surface, while cake layer is thick, porous and 

compressible. (Yin and Xagoraraki, 2015, 228) Ji et al. (2008) mentioned that the gel 

layer is formed by blocking of membrane´s pores and biomass colonization and the cake 

layer is formed by deposition of floc.  

Fouling control is the key element of maintenance and operation. The method for cleaning 

fouled membrane depends on the fouling type. It can be reversible and irreversible. 
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Fouling on the membrane surface is known as reversible and can removed by physical 

wash. Irreversible fouling means that the membrane pores are blocked internally. It can 

be treated only by using chemicals. Physical clean consists from backwash of membrane 

to remove cake layer. It is commonly washed by treated wastewater.  Chemical clean is 

able to remove gel layer by applying cleaning chemicals to the permeate during backwash. 

(Yin and Xagoraraki, 2015, 228-229) Suitable chemicals are  hydrogen chloride, 

hydrogen peroxide or nitric acid. (Sterlitech, 2017)   

Membrane bioreactor and conventional activated sludge system have several similarities. 

They both require pre-treatment to separate large objects, solids and grease from influent. 

This step can be done by coarse screen, grit, primary sedimentation or other methods. 

Both systems apply activated sludge process to remove nutrient content. However, MBR 

has more stable performance and higher efficiency in pollutant removal, particularly in 

removal of bacteria and viruses. (Yin and Xagoraraki, 2015, 235)  The quality of TWW 

remains constant over time and depends less on changes in quality of influent wastewater. 

(Arévalo et al., 2012, 22) Moreover, membrane bioreactor can treat higher volume of 

loadings than CAS (González et al., 2015, 9-10).  

2.3 Alternative applications of treated wastewater  

Circular economy is a system that uses products, materials and resources as long as 

possible and is focused on maintaining their values throughout life cycle. It promotes the 

recover and recycle of materials as secondary raw ones to return them back into the 

economy. The circular economy is an alternative to the linear economy model, which 

approach is “make, use and dispose”. (Ellen MacArthur Foundation, 2017) The use of 

treated wastewater provides a valuable source of water that can boost the amount of 

supplied water and reduce pressure on fresh water resources. The EU action plan from 

2015 has emphasized that wastewater reuse is a key element of successful integration and 

implementation of circular economy (COM, 2015, 11-12).     

Nowadays, the reuse of wastewater and water reclamation as alternatives to fresh water 

resources are getting more recognition, especially in countries with water scarcity and 

water stress. (Yin and Xagoraraki, 2015, 224) The leaders of reclaimed water reuse 

according to statistics from 2016 are China, which reuses 10,3 million m3/day, USA with 
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5,3 million m3/day and Spain and Mexico, which both reuse 3,5 million m3/day of treated 

wastewater. This trend will only increase in the future, especially due to support by 

international and national strategies. For instance, European Commission proposed on 

May 2018 several new rules for regulation of water reuse, focused on promoting and 

organizing the safe use of reclaimed water in agriculture. (European Commission, 2018b)  

Reuse of TWW has lots of advantages and it contributes to sustainable development. The 

Blueprint states that water reuse can improve the status of the environment both 

quantitatively and qualitatively (COM, 2012). Wastewater reuse is economically more 

beneficial compare to desalination and water transfer, because it requires lower 

investment costs and energy usage. It also contributes to reduction of greenhouse gas 

emissions. In general, the increasing demand of wastewater reuse leads to growth of green 

jobs in the water-related industry. (European Commission, 2018b) However, there are 

several obstacles associated with reuse of reclaimed water, such as providing safe water 

reuse, designing appropriate wastewater treatment plant for water reuse, contamination 

level of pathogens and pollutants in reclaimed water and potential health risks related to 

quality of water. (Martin, 2015) 

Treated effluent from MWWT plants may be used for several alternatives, where the main 

categories are agriculture, industry, environment and urbanization. Normally the 

reclaimed water is used only for non-potable applications, although there is a possibility 

for indirect potable reuse scenario, that is a combination of urban and environmental use 

alternatives. Reclaimed water is discharged to natural water basins, which are used to 

supply drinking water for a region. For example, in Sweden the drinking water supply for 

the Stockholm region contains around 2% of sewage treatment effluent from wastewater 

treatment plant. (Dalahmeh and Baresel, 2014, 11) 

Irrigation with reclaimed water has been known and used for centuries and is still a 

promising alternative for TWW reuse. Yin and Xagoraraki (2015) noticed that 

agricultural irrigation is the most common application of reclaimed water in the USA. 

The method is based on recycling water and its nutrients, valuable for soil quality and 

plants growth. The main advantages of the agricultural irrigation with TWW is increase 

of crop yields and partial or full independence from chemical fertilizers. It gives economic 



 

 

21 

benefits by cutting fertilizer costs and decreasing the demand of natural freshwater 

resources. (Asano and Levine, 1996, 7) 

The quality of reclaimed water needs to be considered in agricultural irrigation to prevent 

environmental and human health impacts related to pathogens in water. (Asano and 

Levine, 1996, 7) Irrigation with reclaimed water is divided into restricted and non-

restricted ones. Water with lower quality is applied in restricted irrigation with allowance 

to be used for certain agricultural crops, such as seed, fibre and fodder crops, turf grass 

and commercial aquaculture. High-quality water is used in non-restricted irrigation and 

is suitable for watering food crops. Agricultural irrigation with TWW is a great alternative 

for water-scarce areas, particularly Middle East and Mediterranean regions. (Dalahmeh 

and Baresel, 2014, 11) 

Industrial reuse of reclaimed water is especially beneficial in sectors with high water 

consumption, such as metal manufacturing, paper production and plastic industries. 

Treated wastewater can be applied in numerous urban uses, including garden and 

landscape irrigation, street cleaning and fire hydrants. It also has found place in household 

applications, for instance toilet flushing. (Asano and Levine, 1996, 13) Landscape 

irrigation consists from parks and golf courses. In areas with high number of tourists, 

reclaimed wastewater can be used in tourism as well. (Dalahmeh and Baresel, 2014, 11) 

Environmental use of TWW includes groundwater recharge, maintenance of wetlands 

and woodland, and creation of additional environmental flows, for instance stream flows. 

The common methods of reclaimed water application for groundwater recharge are 

surface spreading and direct injection. However, there are some concerns related to the  

reliability of TWW for environmental reuse, due to presence of trace organic chemicals 

of emerging concern (CECs) in water. (Asano and Levine, 1996, 13) Reclaimed water 

usage can be a mix of urban and environmental alternatives, where both local community 

and environment get benefits. For example, recharging of lakes and ponds, which are 

recreational impoundments, and recharge of natural water basins, such as groundwater, 

river and lakes, for potable water use. (Dalahmeh and Baresel, 2014, 11) 
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3 SUSTAINABLE WATER MANAGEMENT IN AGRICULTURE 

Water shortage has a severe impact on sectors of human activities, including agriculture, 

industry and urbanization, because they all depend on surface and groundwater sources 

and water storage facilities. Two thirds of diverted fresh water is used for irrigation 

purposes, which makes the agricultural sector as the primary user of fresh water. (Fereres 

and Connor, 2004, 157) Mediterranean countries are constantly facing problem with the 

availability of freshwater for agricultural irrigation.  There are several reasons behind this 

issue, including the deficit of annual rainfall, due to the global climate change, and 

extension of agriculture with increasing irrigated areas to fulfil needs of consumers. 

Moreover, the rapid growth of population leads to redirect freshwater supplies in favour 

to the domestic application and industry. (Chartzoulakis and Bertaki, 2015, 1) 

 Another problem of current agricultural management is an excessive use of fertilizers. 

Without a doubt, fertilizer is a crucial element of  successful crop growth. Moderated 

application of fertilizer promotes the production of higher quantity of harvest with more 

attractive look. However, increased use of fertilizers, also known as an overfertilization, 

may lead to adverse impacts, such as the eutrophication of freshwater bodies and the 

decrease of yield gain. So, farmers receives decreased efficiency and large costs instead 

of expected benefits (Zhou et al., 2010, 81).  

Overuse of fertilizers by farmers is based on numerous factors. According to Zhou et al. 

(2010), the main reasons affecting decision of growers about fertilizer use are own 

experience of farmers, density or growth of crop seedlings and yield gain from 

fertilization. Thus, a lack of knowledge or competence and an ignorance about new 

technological methods  could be the key triggers of overfertilization by farmers. In order 

to improve this situation, institutional support and guidance, such as provision of 

educational materials and training programs, and promotion of fertilizers with natural 

origin, including nutrient content of reclaimed wastewater, could be effective solutions. 

(Zhou et al., 2010, 95-96) 

Lack of available fresh water resources for agricultural irrigation and overfertilization 

lead to environmental impacts, such as degradation of biodiversity, pollution of 

groundwater and freshwater sources. It also causes direct or indirect risks for human 
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health through production, consumption and disposal of contaminated end products. 

Development of new policies related to water conservation gives an opportunity to 

increase water efficiency in agricultural irrigation by providing stricter control of water 

pollution and supporting research of new technological solutions. Many countries, 

including Spain, has started to investigate and promote the application of treated 

municipal and industrial wastewater in the agricultural area as a possible alternative. 

(SWD, 2018, 20-21) 

3.1 Reclaimed water reuse in agricultural irrigation  

Application of treated wastewater in agriculture can be considered as a reliable water 

supply. It can cover peaks of water demand, because the availability of wastewater does 

not depend on seasonal drought and weather changes (European Commission, 2018b). 

From economic point of view, reuse of TWW in agriculture is more attractive comparing 

to desalination, transfer of fresh water to long distance or creation of new fresh water 

resources (Table 3). Moreover, water after desalination does not contain salts and 

nutrients and they need to be added, if the purpose of purified water is agricultural 

irrigation. While wastewater treated specifically for agricultural reuse can contain already 

appropriate macro- and micronutrients for crop production. (SWD, 2018, 20-21) This 

feature may contribute to reduction of the need for additional fertilizers, which is 

beneficial for farmers, the environment and wastewater treatment.  (European 

Commission, 2018b) At the same time, reuse of wastewater gives a possibility to close 

the water cycle and to decrease water footprint. (ISO 16075:2015, 2015, 5) (European 

Commission, 2018b) 

Sustainable use of water in the agricultural industry is a very effective way to manage 

natural freshwater resources with respect to the environment and human health. 

Agricultural practice consists from water-intensive operations, such as irrigation, 

fertilization and soil management, where better management methods can be introduced. 

However, the adaptation of sustainable water management in agriculture in 

Mediterranean countries is associated with numerous obstacles. Local communities often 

do not understand new technologies and ways of production. There are also economic 

boundaries, lack of technologies as well as legal framework, which can inhibit an 

implementation. (Chartzoulakis and Bertaki, 2015, 2) 
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Table 3. Comparison of capital and operating costs for water scarcity solutions (SWD, 2018, 21) 

Solution 
Typical capital cost 

per m3/d of capacity 

Typical operating cost 

per m3 produced 

Brackish water desalination $ 480 $ 0,29 

Long distance transfer $ 3000 $ 0,15 

Indirect potable reuse of TWW $ 800 $ 0,45 

Seawater desalination $ 1350 $ 0,50 

New reservoir $ 1700 < $ 0,01  

 

One of the important criteria for successful reuse of reclaimed water in agriculture is the 

public acceptance. Willingness and capability of potential users to accept reclaimed water 

in the estimated quantity and quality play crucial role. Therefore, a dialogue with potential 

users or clients could be a great option when planning to build new treatment facility or 

to reconstruct old one. Public education about the use of reclaimed water and its benefits 

for agriculture is also necessary to overcome fears about water quality and public health. 

The aim here is to identify and develop a win-win scenarios for all stakeholders involved 

in the process.  (Dalahmeh and Baresel, 2014, 29-30)  

3.2 Irrigation method and scheduling  

Irrigation practices in agriculture requires up to 72% of the total water dedicated to 

agricultural use (Seckler et al, 1998, 40).  At the same time only 65% of this water reaches 

to crop (Figure 2), while the rest is lost during water transportation, field application and 

water distribution on the field. (Chartzoulakis and Bertaki, 2015, 2) Fereres and Connor 

(2004) noticed that uncontrolled runoff and percolation losses may become a major 

source of non-point pollution of the environment. Effective water management in 

agriculture is the key strategy to minimize losses and to reduce pollution rate from 

agriculture. (Fereres and Connor, 2004, 158) It can be achieved by introducing reliable 

water supplies and apply methods and technologies with minimum water losses. The main 

objective of sustainable water management is to drop down water use for irrigation 

without losing yield growth. This approach is very relevant for areas with water shortage, 

particularly for Mediterranean countries. (Chartzoulakis and Bertaki, 2015, 3) 
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Figure 2. Irrigated water loss and use in agriculture (Chartzoulakis and Bertaki, 2015, 2) 

 

The main elements of sustainable irrigation are the choice of irrigation method and 

irrigation scheduling. The common and efficient method for watering of crops is localized 

irrigation. The application of water goes directly to the root system of each plant by 

individual pipes. In other words, there is a main plastic pipe connected to a water tank, 

from which pipes branch off to plants. (Chartzoulakis and Bertaki, 2015, 3) The key 

benefits of this working principle are: high efficiency of water application and 

distribution, lower amount of fertilizers and nutrients is lost due to reduced leaching and 

possibility for safe application of reclaimed water. Another valuable plus of localized 

irrigation is that operation costs water application are minimized, because system can 

irrigate plants automatically, and the maximum manual work is needed in monitoring and 

controlling. (Stauffer, 2018) 

Despite the obvious advantages of localized irrigation methods, it covers only 6% of the 

world´s irrigated area. The high investment costs and its sensitivity to clogging are the 

main drawbacks of the system. Several careful studies of the area need to be conducted 

before installing the system, such as land topography, soil and water properties and agro-

climatic conditions. (Stauffer, 2018) Improvements of localized irrigation system are 

focused mainly on reduction in volume of used water and on increase of water 

productivity. Designing of better management system, that covers maintenance, 

automation, fertigation and chemigation, may solve clogging problem and make the 
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whole localized irrigation system more attractive for agricultural application. 

(Chartzoulakis and Bertaki, 2015, 4) 

Localized irrigation can be implemented by drippers, micro-sprinklers or by overhead 

sprinklers. Micro-sprinkler system consumes 477 mm of water, while overhead sprinkler 

needs 782 mm of water (average of 10 years). Drip irrigation system uses 340 mm of 

water (average of 10 years), which makes it more efficient for water saving compare to 

other systems. Water is applied through small openings with discharge rate up to 12 

L/hour. Drip irrigation method may reduce water consumption up to 70% and raise crop 

yields up to 90%, depending on other factors such as soil, climate, management and 

others. Overall, the water use efficiency of drip irrigation can be increased by 50%. 

(Chartzoulakis and Bertaki, 2015, 3) The example of system implementing drip irrigation 

is in the Figure 3. 

 

Figure 3. Example of drip irrigation system (Taghvaeian, 2017) 

 

Another process of the sustainable water use is an irrigation scheduling that determines 

when irrigation should be done and how much water needs to be used for irrigation of 

crops. The aim is to achieve an optimum water supply for efficient crop production. 

Proper determination of irrigation scheduling can be compared with a research work, 

because it applies a scientific knowledge for a real case. The choice of method depends 

on the irrigation goals and type of system for irrigation. Conventional methods are based 

mostly on “soil water measurement” or “soil water balance calculations”. In soil water 

measurement, the soil moisture status is measured directly and used to define the need of 
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irrigation. Whereas second method calculates soil moisture status by using a water 

balance approach, which is more complex and requires data about the change in soil 

moisture during a period of time. (Jones, 2004)  

Irrigation scheduling for wastewater or for other water sources is based on the same 

limitations for conditions: water quantity and quality, soil characteristics, crop selection 

and climate conditions. (Chartzoulakis and Bertaki, 2015, 6) The amount of available 

water for agricultural irrigation influences the choice of irrigation techniques and types 

of crops. It also determines the need of using reclaimed water as a supplementary or a 

main source of water for irrigation. Calculation of the appropriate water quantity includes 

information about evapotranspiration, meteorological data, application losses and 

leaching requirements. (WHO, 2006, 177) Soil and crop characteristics consists from soil 

water estimates, crop stress parameters and soil-water balance. They show the available 

water in soil for plant growth and provide specific data to predict the content of water in 

the rooted soil. Climate contains valuable information for crop production, such as 

temperature of air, relative humidity, and wind speed and precipitation rate. It helps to 

estimate evapotranspiration for an area, crop evapotranspiration and remote sensed. 

(Chartzoulakis and Bertaki, 2015, 6) 

The adequacy of irrigation scheduling depends a lot on knowledge and awareness of the 

farmer. Management of irrigation system could be improved by introducing technical 

support, for instance extension offices experts. They may help to choose effective 

irrigation scheduling system through providing a comprehensive analysis of water, soil 

and plants parameters and to design a management plant, including maintenance, 

monitoring and controlling. Good scheduling of irrigation can optimize agricultural 

production and improve water use efficiency that eventually leads to water conservation. 

In more detail, lots of typical problems caused by irrigation may be avoid, such as 

transport of fertilizers out of the root-zone, water-logging, rising of soil salinity and water 

overuse. (Chartzoulakis and Bertaki, 2015, 4-6) 
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3.3 Environmental and Health Impacts of Irrigation  

In addition to choosing irrigation method and developing irrigation scheduling, water 

quality is another necessary aspect for ensuring good practice. Municipal wastewater 

contains a range of organic matter, nutrients and trace elements, including heavy metals 

and toxic substances. The concentration of water parameters in MWW depends on the 

number of inhabitants, sanitation norms, types of local industries and local regulations. 

Toxic compounds in the domestic wastewater can come from industrial processes, which 

is quite common in many countries. (Carr et al., 2004, 35) Water contaminants in 

reclaimed wastewater need to be considered and limited according to recommended 

maximum concentrations, to avoid their presence in soil and water. (WHO, 2006, 177-

178) Moreover, impacts on the environment and human health differ depending on type 

of contaminants, their concentration and properties as well as the way of their infiltration 

into the environment. The simplified scheme of environmental impacts from agricultural 

use of wastewater is shown below (Figure 4).  

Figure 4. The generation and use of wastewater and its environmental impacts (WHO, 2006, 107) 
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The reuse of treated wastewater for irrigation may lead to various environmental impacts 

through several channels. Water can be leached to soil, where metals and nutrients are 

retained. In the soil, salts and groundwater may be mixed through infiltration, and this 

mixture ends up in an aquifer, where groundwater is naturally collected and stored. Plants 

absorb contaminants from the soil and later are consumed by cattle. Contaminated water 

may enter to natural water basins, such river and lake, where excessive amount of 

nutrients can boom eutrophication that has impact to the whole biodiversity. Humans, as 

the main consumer, may receive health risks related to wastewater use for irrigation 

through consumption of contaminated crops, cattle and water. (WHO, 2006, 107-108) 

Quality of wastewater for irrigation is based on the limit values provided by national and 

international guidelines and legislations. Usually the threshold limits on concentrations 

of chemicals and microorganisms are determined only by crop requirements, excluding 

health concerns. A lot of attention is given to the amount of nutrients in reclaimed water, 

such as nitrogen, potassium, phosphorus, boron, sulphur and zinc, because of their 

importance for the crops. If the presence of them exceeds the limits, they can cause 

damage to the crops and to the environment. (WHO, 2006, 177) Compounds of emerging 

concern is another group of chemicals that needs to be monitored, when wastewater is 

treated for normal discharge or purified for reuse applications. However, the routine 

monitoring often does not include these potentially harmful agents. Thereby, it is 

complicated to predict their entrance to the environment via agricultural irrigation and 

impact on crops, human health and environment. (Lores et al., 2015, 110) 

The following sub-sections describe several groups of water parameters, including 

nutrient content, salts, trace elements and biological contaminants, which were analysed 

during the research. Each of these groups can cause potential irrigation problems. For 

instance, highwater salinity may affect crop water availability. Specific toxicity of certain 

ions can accumulate in sensitive crops and reach concentrations high enough to cause 

damage of crops and even reduce yields. Overuse of nutrients in agricultural irrigation 

can lead to severe impacts. It can reduce yield and negatively affect quality of fruits, 

causing reduction of their marketability. (Ayers and Westcot, 1994) 
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3.3.1 Microbiological contamination 

Treated wastewater may contain bacteria, protozoa and viruses. Microbiological 

contamination cause dangerous effects on human health due to pathogens transmission, 

particularly when low-quality water is used to irrigate fresh vegetables. They also may 

contaminate soil, crops and water reservoirs. The risk of contamination is higher, if 

groundwater locates close to the surface and soil is very porous. Microbiological  

contamination is considered as the primary hazard to human health, which means that 

their controlling and monitoring is essential to ensure health security. (WHO, 2006, 108) 

In this thesis, three pathogens are analysed: Intestinal Nematodes, Escherichia Coli and 

Legionella spp. Intestinal Nematodes are transmitted through skin penetration or 

ingestion. Escherichia Coli may contain in reclaimed water from human or animal waste, 

due to poor treatment or disinfection. The same as Intestinal Nematodes, E. Coli is 

transmitted though ingestion of contaminated food or water. Legionella spp. can be found 

in potable and non-potable water sources. Personnel instructions and prevention 

measurements, such as cleaning hands with soap, wearing gloves and not drinking 

reclaimed water should be sufficient methods in case of utilizing treated wastewater. . 

(WHO, 2006, 108-109) 

3.3.2 Salts  

Salinity is defined as the concentration of dissolved mineral salts in water and soil. 

Continuous and high salinity leads to decreasing productivity of soil in the long term. 

Increasing of soil salinity depends on water quality, organic matter content, soil porosity 

and other factors, which make difficult to predict the salinization rates. Thus, the salinity 

in the agricultural field is defined as a concentration of soluble salts that exceeds the limits 

for optimal growth of plant and affects the quality of soil and plant (Ruiz-Baena, 2008b).  

Salinity of water and soil is measured indirectly by a set of parameters. In field studies, 

salinity is commonly measured as electrical conductivity (ECW), which can be later used 

for calculating total salt content (TSC). In the equation 1, 0,64 is the correlation factor, 

which range is approximately 0,6-0,7. It depends on type and chemical composition of 

water (Ruiz-Baena, 2008a). Another way to identify salinity is to measure total soluble 
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salts (TSC), expressed in ppm or in meq/L (milliequivalents per litre). (Ruiz-Baena, 

2008b) 

𝑇𝑆𝐶 (
𝑔

𝐿
) = 0,64 ∗ 𝐸𝐶 (

𝑑𝑆

𝑚
)     (1) 

To provide more detailed monitoring each of mineral salts can be measured, such as 

chlorides, sulphates, nitrates, calcium, magnesium, sodium and potassium. Usually, they 

are expressed in meq/L and to convert values to mg/L, it is necessary multiply by their 

factors (Ruiz-Baena, 2008a). SAR indicates the sodicity, which is a definition to the 

presence in soil of high proportion of sodium ions (Na+) compare to other salts, including 

calcium (Ca2+) and magnesium (Mg2+) (Equation 2). Sodium in water for irrigation 

influences the stability of the soil structure, while calcium and magnesium contribute in 

maintaining of the soil structure by producing a unifying effect of the clay sheets. (Ruiz-

Baena, 2008b) 

𝑆𝐴𝑅 =
𝑁𝑎+

√
1

2
∗(𝐶𝑎2++𝑀𝑔2+)

      (2) 

 Salinity may affect the soil productivity by several ways. It can change the osmotic 

pressure at the root zone. Sodium, boron and chloride as parameters of salinity may 

provoke ion toxicity.  Salinity can disturb the absorption of nutrient by plant. It causes 

soil dispersion and clogging, which lead to destruction of the soil structure. The issue is 

that wastewater contains more salts compare to fresh water and using convenient methods 

for irrigation with wastewater will always lead to increased soil salinity. To prevent these 

consequences, control of salinization must be implemented along with wastewater 

irrigation. (WHO, 2006, 109) 

3.3.3 Nutrient content   

Treated wastewater for irrigation reuse contains a range of nutrients, which can be 

beneficial for plants. Nutrient content have positive impact on crop productivity by 

improving soil structure and fertility. The common nutrient compounds are nitrogen, 

phosphorus and potassium. Nitrogen is necessary for plants growth, though plants absorb 

limited amount of nitrogen compounds- only 50% of total ammonia and 30% of total 

organic nitrogen, while the rest is lost. (Girovich, 1996) The required amount of nitrogen 
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varies during the growth of plants. (WHO, 2006, 112) For instance, plants need more 

nitrogen during first stages of growth compared to later flowering and fruiting stages. 

However, excessive concentration of nitrogen in water for irrigation causes 

overstimulation of growth, delayed maturity and production of poor-quality goods. 

(WHO, 2006, 177-178) Phosphorus is another important nutrient of wastewater. It is 

added commonly to the agricultural soil as a fertilizer, because it is often scarce in 

bioavailable forms in soils. Usually the concentration of phosphorus in MWW is low and 

does not have negative impact on the environment. (WHO, 2006, 112-113) 

Nevertheless, there is a possibility to affect environment by runoff of nitrogen compounds 

and phosphate accumulated near the soil surface. The adverse impacts are associated with 

the leaching into groundwater, fresh water resources and seas. They cause contamination 

and eutrophication of these water bodies. Specific requirement of crops for nutrients´ 

content is a valuable consideration for designing a good irrigation system. It can help to 

prevent potential impacts on the environment, by reducing the leaching of these nutrients. 

(Lores et al., 2015, 110) 

Another nutrient is potassium, and it is commonly presented on high concentrations in 

soil. However, potassium is not bioavailable, because it is bound with other compounds. 

To ensure good growth of plants, potassium needs to be added as a fertilizer to soil. 

Treated wastewater usually contains insufficient amount of potassium to cover the need 

and is lower than recommended maximum concentration. Therefore, potassium 

concentration in wastewater does not cause environmental impacts under normal 

conditions. (WHO, 2006, 113) 

3.3.4 Heavy Metals  

Irrigation with water containing heavy metals may lead to increased accumulation of them 

in soil, where they can induce changes in functional activity of soil. Contamination of soil 

with heavy metals is a serious environmental issue, that may cause risks to human health, 

local ecosystems and to natural water resources. The adverse impacts include a 

bioaccumulation in plants and leaching to the groundwater sources, which may result in 

entering the food chain. (Lores et al., 2015, 119) However, the primary intake of HM into 

human body goes through soil to crop, and later to human by consumption. The effect of 
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heavy metals to the human health vary depending on the metal, concentration, exposure 

route and physical characteristics as well as hygiene routine of a human and on hygiene. 

(Khan et al. 2015) 

Heavy metals can accumulate in various body parts and cause health impacts depending 

on their concentration. Arsenic, cadmium and lead are toxic even at trace concentrations. 

They are associated with carcinogenic health risks. Actually, many HM, such as 

chromium and nickel, are declared as carcinogenic and may cause disfunction and 

damage of organs.  Another health risk related with primary consumption of heavy metals 

is depletion of valuable nutrients and vitamins in the body, causing serious physiological 

and pathological disorders. (Khan et al., 2015) 

4 LEGISLATION 

Despite the obvious advantages of the agricultural irrigation with reclaimed water, it is 

necessary to take into consideration the content of water and its quality. Disease-causing 

microorganisms and chemical pathogens in wastewater may cause a direct human health 

threat through direct or indirect wastewater exposure. Standards and regulations about 

wastewater reuse are established to provide comprehensive guidelines and limitations 

applicable for alternative reuse of wastewater. The main issue is protection of public 

health from possible impacts related to reuse of treated wastewater. Environmental 

protection is the second main goal of current standards and regulations. The emphasis is 

done towards conservation of natural water sources by minimizing eutrophication 

resulted from leaching of phosphorus and nitrogen. Standards are getting striker for 

treatment efficiency and disposal of wastewater. (Dalahmeh and Baresel, 2014, 12) 

Another trend of current legislation is growing attention about the compounds of 

emerging concern (CECs), such as pharmaceuticals. They are present in sewage and often 

at trace levels. There is no clear answer about the level of treatment efficiency for the 

CECs. (SWD, 2018, 13)   

The following chapter is focused on selected guidelines and standards for reuse of 

wastewater. The research boundaries include only legislations related to the agricultural 

reuse of wastewater and to the environmental and human health impacts associated with 

it. International guidelines and local legislation of Spain are reviewed to provide analysis 
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of current legislation instruments in relation with management of reclaimed water reuse 

for agricultural irrigation and to forecast future perspectives.  

4.1 WHO Guidelines 

The World Health Organization designed specific Guidelines for the safe use of 

wastewater, excreta and greywater in 2006. The document describes the impact of 

wastewater applications in agriculture on the human health and for the environment based 

on the present state of knowledge. Potential health hazards are identified and presented 

for product consumers, workers and local communities. The primary aims of WHO 

guidelines are to prevent human health problems by maximizing public health protection 

and to ensure beneficial use of wastewater in agriculture as a valuable resource.  The 

guidelines can be adapted for international and national approaches as the basis for 

standards and regulations and as the framework for decision-making related to wastewater 

use in agriculture. (WHO, 2006, 1) 

One of the most valuable parts of the WHO Guidelines is the Stockholm Framework, 

which is a comprehensive approach for risk assessment and risk management. It can be 

applied to design preventive management system for safety and to control water-related 

diseases. Stockholm Framework covers every process of water cycle, from wastewater 

generation to end consumers of products watered with wastewater. To achieve the best 

results by applying the framework, three steps need to be done: system assessment, 

identification of control measures and monitoring methods and development of a 

management plan. (WHO, 2006, 10) Overall, the following processes are included: 

1. Assessment of environmental exposure- where possible health risks related to 

wastewater use in agriculture are identified. It is done by microbial and chemical 

analysis, epidemiological evaluation and quantitative microbial risk assessment. 

Usually wastewater contains numerous amounts of pathogens, which can be 

transmitted to humans and cause significant threat. (WHO, 2006, 12) 

2. Determination of health-based targets and health protection measures- where a level 

of health protection for each hazard is defined based on the assessment of health risks. 

Numerous health protection measures can be applied in every stage of water cycle to 

reduce health risks. The usual hazardous materials of wastewater are excreta-related 
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pathogens and toxic chemicals. The risk from their exposure may be reduced 

significantly by proper wastewater treatment, wastewater application techniques, use 

of protective equipment (gloves, glasses and laboratory coat), health and hygiene 

promotion and access to drinking water and sanitation facilities.  (WHO, 2006, 15) 

3. Monitoring and system assessment, which include validation of the system according 

to requirements, operational monitoring and verification. The main purpose is to 

assure that the system can achieve given targets under regulations.  (WHO, 2006, 16) 

Water quality for irrigation is extremely important and needs to be monitored. Thus, the 

WHO Guidelines proposes the limits on concentrations of different water parameters, 

including physical and chemical parameters, which consist from inorganic matter, 

nutrients and trace elements (Table 4.). These limit values are used as the basis for 

requirements concerning quality of reclaimed water in local legislations, particularly in 

Spain. The optimal range for concentrations of many chemicals is determined in relation 

to crop requirements and health concern. The amount of nutrients in wastewater for 

irrigation should be under the set limits to minimize the impacts to crops and environment. 

For example, excessive nitrogen can lead to delayed maturity or poor-quality of plants. 

Municipal wastewater may contain trace elements, such as heavy metals and toxic 

substances, which in large enough quantities are able to cause damage to crop, natural 

water basins and human health. (WHO, 2006, 177) 

Other aspects of the WHO Guidelines for the safe use of wastewater are environmental, 

sociocultural and economic aspects, policy aspects and planning and implementation. 

Wastewater is a valuable resource, but when management is not done correctly, it can 

lead to environmental impacts, such as salinization of soil and contamination of natural 

water basins. Human behaviour is also important factor for preventing water-related 

diseases. Public perception about application of wastewater is closely correlated with 

cultural beliefs and traditions and can be totally opposite to scientific dogmas. If public 

opinion is not considered, the project can receive obstacles from local community and 

even fail. (WHO, 2006)  
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Table 4. WHO Parameters for wastewater used in irrigation (WHO, 2006, 178-179) 

 

Parameter Units 
Degree of restriction to use 

non moderate severe 

ECW  dS/m < 0,7 0,7- 3 > 3 

TDS  mg/L < 450 450-2000 >2000 

TSS  mg/L < 50 50-100 >100 

Evaluate using ECw and SAR together 

SAR (meq/L)  = 0 – 3 and ECw > 0.7 0.7 – 0.2 < 0.2 

  = 3 – 6   > 1.2 1.2 – 0.3 < 0.3 

  = 6 – 12   > 1.9 1.9 – 0.5 < 0.5 

  = 12 – 20   > 2.9 2.9 – 1.3 < 1.3 

  = 20 – 40   > 5.0 5.0 – 2.9 < 2.9 

Sodium (Na) sprinkler irrigation meq/L < 3 >3  

 surface irrigation meq/L < 3 3 – 9 > 9 

Chlorine (Cl2) 

 
total residual mg/L < 1 1- 5 > 5 

Chloride (Cl) 

 
surface irrigation meq/L < 4 4 – 10 >10 

Bicarbonate 

(HCO3) 
 mg/L < 90 90- 500 > 500 

Boron (B)  mg/L < 0,7 0,7- 3 > 3 

Hydrogen sulphide 

(H2S) 
 mg/L < 0,5 0,5- 2 > 2 

Iron (Fe) drip irrigation mg/L < 0,1 0,1- 1,5 > 1,5 

Manganese (Mn) drip irrigation mg/L < 0,1 0,1- 1,5 > 1,5 

Total Nitrogen  mg/L < 5 5- 30 > 30 

pH   6,5- 8 

Trace elements  

Aluminium Al mg/L 5 

Arsenic As mg/L 0,10 

Beryllium Be mg/L 0,10 

Cadmium Cd mg/L 0,01 

Cobalt Co mg/L 0,05 

Chromium Cr mg/L 0,1 

Copper Cu mg/L 0,2 

Fluoride F mg/L 1 

Iron Fe mg/L 5 

Lithium Li mg/L 2,5 

Manganese Mn mg/L 0,20 

Molybdenum Mo mg/L 0,01 

Nickel Ni mg/L 0,2 

Lead Pb mg/L 5 

Selenium Se mg/L 0,02 

Vanadium V mg/L 0,10 

Zinc Zn mg/L 2 
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4.2 FAO irrigation and drainage paper 29 

In 1985, Food and Agricultural Organization of the United Nations (FAO) published their 

Irrigation and drainage paper 29, related to water quality for agriculture. It is presented in 

a guide format to make an evaluation of water suitability for irrigation easier to follow. 

The main aim of this paper is to provide guidance to different stakeholder of agricultural 

industries, such as farmers, managers, engineers and consultants, in determining and 

assessing potential impacts of water quality parameters to the crop, the environment and 

to the human health. The paper also includes limitations for water use and recommended 

limit values for water contaminants and characteristics. (Ayers R.S and Westcot D.W., 

1985) 

 

Table 5. Common parameters to determine irrigation water quality (Ayers and Westcot, 1994) 

 

Physicochemical and chemical parameters of water are divided into several categories 

based on a potential problem, which are salinity, specific ion toxicity, rate of water 

infiltration into the soil and other various effects. The threshold values are given for these 

Water Parameter Symbol Unit Acceptable range  

Electrical Conductivity ECw dS/m 0- 3 

Total Dissolved Solids TDS mg/L 0- 2000 

Calcium Ca meq/L 0- 20 

Magnesium Mg meq/L 0- 5 

Sodium Na meq/L 0- 40 

Chloride Cl meq/L 0- 30 

Sulphate SO4 meq/L 0- 20 

Sodium Adsorption Ratio SAR meq/L 0- 15 

Nitrate- Nitrogen NO3-N mg/L 0- 10 

Ammonium-Nitrogen NH4-N mg/L 0- 5 

Phosphate-Phosphorus PO4-P mg/L 0- 2 

Potassium K mg/L 0- 2 

Boron B mg/L 0- 2 

pH  1- 14 6- 8,5 
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parameters by taking into consideration their impacts. These potential irrigation problems 

are described in detail by authors of the paper. The WHO Guidelines (2006) includes the 

table with water parameters and their recommended values, in which some limit values 

are equal to the ones presented in the FAO paper 29 (Table 4).  The list of other water 

parameters needed to evaluate the suitability of water for irrigation is in the Table 5. Each 

of parameter has an acceptable range, within it does not cause any trouble. The list also 

contains macronutrients, such as nitrogen, phosphorous,  potassium, calcium, magnesium 

and sodium, which are essential nutrients for crop growth, but they can be hazardous in 

concentrations higher than limits. Ayers and Westcot (1985) has mentioned trace 

elements in water and their recommended maximum concentrations as a part of 

discussion about miscellaneous problems. This limit values for trace elements were 

adapted by WHO Guidelines about safe water reuse (2006). (Ayers and Westcot, 1985) 

4.3 ISO Guidelines 

The guideline ISO 16075 is focused on treated wastewater use for irrigation projects and 

is on force since 2015. It provides guidance for operation, monitoring and maintenance 

for irrigation projects which apply reclaimed water. It is suitable for both restricted and 

unrestricted irrigation of agricultural fields, gardens and landscape areas. The emphasis 

is on environmental-friendly operation with minimal health risks to workers, consumers 

and local communities.  The quality of treated wastewater needs to correspond to local 

restrictions with respect to natural water sources, crop sensitivity and soil. The key 

elements of ISO 16075 for designing appropriate reuse water project include 

methodology for monitoring of treated wastewater quality, instructions for design and 

maintenance of the irrigation system, suitability of reclaimed water and water distribution 

method for the intended soil and crops and compatibility between the contaminants of 

reclaimed water and methods for preventing or minimizing possible impacts to natural 

water basins. (ISO 16075:2015, 5-6) The guideline consists from the following four parts:  

The basis of a reuse project for irrigation- is the first part of guideline. It is focused on 

directions for the development and implementation of projects related to irrigation by 

treated wastewater. It provides specifications for project´s elements, such as design, 

materials, construction and performance, to make the project beneficial and attractive for 

users. The parameters of water quality for irrigation are suggested as well and include 
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microbial parameters, chemical parameters and agronomic parameters, which consist 

from nutrients and salinity factors. (ISO 16075:2015, part 1-1) 

The second part is development of the project that provides criteria and specification to 

design the project. The main aim is to minimize and prevent human health risks of local 

community, consumers and project´s personnel, which have direct or indirect contact with 

reclaimed water and end products. Specifications are determined for the quality of treated 

wastewater (TWW), the types of crops, the strategy of using water barriers and other ones. 

(ISO 16075:2015, part 2-1)  

Components of a reuse project for irrigation: the right choice of components for irrigation 

system is a complex issue. The following components and their specifications are 

discussed here- pumping station, storage reservoirs, treatment facilities for irrigation 

purpose, water distribution network and water application methods. The guideline is 

mainly focused on specifications for drip irrigation method, as it is most suitable and 

efficient irrigation method for sustainable irrigation in agriculture. (ISO 16075:2015, part 

3-1)  

Monitoring is one of the key elements for successful project of water use is the meticulous 

monitoring. This chapter provides guidelines and recommendations for designing and 

implementing monitoring the quality of reclaimed water and water in storage reservoirs, 

monitoring irrigated plants, soil monitoring and monitoring local natural water resources, 

which have potential to receive contaminants from the project. The guidelines can be 

integrated into already designed monitoring plan. (ISO 16075:2015, part 4-1)  

4.4 EU Directives  

For the moment, there is no specific regulation about the use of reclaimed water at 

European level, although the problem with water stress in the EU countries and possibility 

for alternative water reuse methods have been acknowledged in the past. Water reuse is 

mentioned in two existing legislations of EU, but they do not specify conditions for the 

reuse. The Water Framework Directive (2000/60/EC) is focused on water scarcity as one 

of the main aspects of water management system. The central goal is to achieve good 

status for waters by 2015. Member States are required to analyse status of their water by 

taking into consideration impacts from human activities. Based on this characterization 
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countries of the EU should establish programmes of measures to obtain good status of 

waters. The European Commission reviews these programmes every 6 years. Water reuse 

is highlighted as one of the possible measures in Annex VI, part B of the 2000/60/EC. 

(COM, 2018, 3) 

The Urban Waste Water Treatment Directive (91/271/EEC) concerns management of 

urban wastewater during its collection, treatment and discharge. The aim is to protect 

environment from any negative impacts caused by inappropriate wastewater discharges 

from urban agglomerations. The term urban wastewater refers to municipal wastewater 

and wastewater from certain industrial sectors. (91/271/EEC, 1991, 2-3) The directive has 

mentioned in Article 12 that treated wastewater needs to be reused whenever appropriate.  

Management of disposal routes must be done towards minimizing any impacts on the 

environment. (91/271/EEC, 1991, 7) 

 

Table 6. Requirements for water effluent from urban WWTPs (91/271/EEC, 1991, 12) 

Parameters Concentration (mg/L) Min. reduction (%) 

BOD5 25 70-90 

COD 125 75 

TSS 35-60 70-90 

Tot-N 10-15 70-80 

Tot-P 2 80 

 

Thus, the urban wastewater treatment plants should purify the wastewater with 

accordance to parameters of water quality provided in the directive (Table 6). The list of 

parameters includes biochemical oxygen demand (BOD5), chemical oxygen demand 

(COD) and total suspended solids (TSS) for all areas, while total nitrogen (tot-N) and 

total phosphorus (tot-P) concentrations for sensitive areas. Maximum concentration of 

TSS depends on amount of population. 35 mg/L is required for more than 10000 person 

equivalent (PE) and 60mg/L is for 2000-10000 PE. The description of sensitive areas 

includes areas prone to eutrophication, areas where water basins are used to supply 

drinking water or areas where further treatment of wastewater is required to meet Council 

Directives. (91/271/EEC, 1991, 15) The Directive 91/271/EEC proposes quality 
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parameters for conventional WWT, excluding limitations for microbiological 

contamination and pathogenic compounds. The main aim is to avoid eutrophication and 

oxygen depletion in natural water basins.  

The European Commission and the Council on Water Scarcity and Droughts have stated 

that all Member States should focus on managing water scarcity. Water saving is the 

priority goal and to achieve it water efficiency should be improved. As one of solution 

for water saving, European Commission has highlighted the possibility to reuse treated 

wastewater from urban wastewater treatment plants, because it offers environmental, 

economic and social benefits and is fully compliant with the objectives of circular 

economy. Agricultural irrigation with treated wastewater has the highest potential 

according to the EC. (COM, 2018, 2) 

Table 7. Maximum limit values of parameters for reclaimed water considered in legislations of several 

EU Member States (SWD, 2018, 15) 

 

The European Commission proposed on May 2018 the Regulation on Minimum 

Requirements for Water Reuse, that is aimed to stimulate and facilitate water reuse in the 

EU, specifically for agricultural irrigation. (COM, 2018, 1) The necessity for standard 

requirements at European level is associated with the lack of legal frameworks concerning 

wastewater reuse in most of Member States, which leads to increased human health and 

environmental risks. Currently only 5 countries in EU have their own legislations with 

specific requirements for quality of reused wastewater.  These countries are Spain, Italy, 

Portugal, France and Cyprus, where problem with water stress triggers already local 

agriculture industries.  However, the limit values vary significantly in the level of 

Parameter Units Spain Cyprus France Greece Italy Portugal 

E coli cfu/100ml 10000 5-103 250-105 5-200 10 - 

Faecal 

coliforms 
 - - - - - 100-104 

TSS  5-35 10-30 15 2-35 10 60 

Turbidity NTU 1-10 - - >2 - - 

BOD5 mg/L - 10-70 - 10-25 20 - 

COD mg/L - 70 60 - 100 - 

Tot- N mg/L 10 15 - 30 15 - 
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stringency (Table 7). It means, that the same food product but grown in different EU 

countries has diverging requirements related to the kind of reclaimed water is used for 

irrigation. This lack of clarity about the quality of product and its irrigation leads to 

mistrust and doubt by population. Moreover, there are possible health risks for producers 

and consumers. In addition, environmental risks related to reuse of wastewater in 

irrigation are not discussed properly in these legislations, although they must to be 

considered at the same level as human health risks. (SWD, 2018, 14-15) 

4.5 Local Legislation RD 1620/2007 

Ministry of the Presidency of Spain adapts the WHO´s Guidelines for the safe use of 

wastewater, excreta and greywater as the basis for its Royal Degree (RD) 1620/2007 

about the use of treated wastewater. The directive came to force in 2007 to supplement 

the National Hydrological Plan. The main aim of the legislation is to secure human health 

and minimize hygiene risks. The quality criteria for reclaimed water is based on maximum 

allowed values. It is focused on every way of wastewater application, including 

agricultural irrigation. (RD 1620/2007. 45-46p.)  If the wastewater contains any 

hazardous and toxic substances, for instance mercury, persistent organic compounds and 

cadmium, their level must comply with the RD 1520/2007 concerning environmental 

quality standards. Moreover, Spain as a member state of EU should manage the disposal 

of wastewater to the environment according with requirements of EU Council Directive 

91/271/EEC about urban wastewater treatment. (Dalahmeh and Baresel, 2014, 16) 

The quality of treated wastewater for agricultural use is divided into three types- 2.1, 2.2 

and 2.3. The water parameters for each type are shown in the Table 8. The quality criteria 

of guidelines are limited to microbiological parameters, turbidity and solids. The rest 

water parameters, such as electrical conductivity, sodium adsorption ratio, nutrients and 

trace elements, are the same for all types of reclaimed water for agricultural use.  (RD 

1620/2007, 39-40) In this research the quality of reclaimed water for agricultural 

irrigation is supposed to correspond with the quality type 2.3.  

The first type refers to wastewater used for irrigation of crops with a direct water 

application system. Reclaimed water has immediate contact with edible parts for human 

consumption without cooking. This type of water for agricultural use is the strictest one 
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compare to other two ones. Water with quality type 2.2 is used for irrigation of products 

for human consumption. The same as type 2.1 it has a direct contact with edible parts of 

plants, but products are consumed after industrial treatment. Reclaimed water with type 

2.2 is also used for aquaculture and for irrigation of pastures for consumption by livestock, 

producing milk or meat as the end products. The application of water with quality 2.3 

includes localized irrigation of woody crops without contact with fruits consumed by 

humans, irrigation of decorative flower crops, nurseries and greenhouses without direct 

contact with production and for irrigation of inedible industrial crops. (RD 1620/2007, 

45-46) 

 

Table 8. Reclaimed water parameters (RD 1620/2007. 45-46p.) 

Parameters Units 
Quality type 

2.1 2.2 2.3 

Intestinal Nematodes egg/ 10 L 1 1 1 

Escherichia Coli CFU/100 mL 100 1000 10000 

Suspended Solids mg/L 20 35 35 

Turbidity NTU 10 - - 

Legionella spp CFU/L 1000 
 

100 

Taenia saginata egg/L 
 

1 
 

           For everyone: 

ECw dS/m 3 

SAR meq/L 6 

Boron mg/L 0,5 

Arsenic mg/L 0,1 

Beryllium mg/L 0,1 

Cadmium mg/L 0,01 

Cobalt mg/L 0,05 

Chromium mg/L 0,1 

Copper mg/L 0,2 

Manganese mg/L 0,2 

Molybdenum mg/L 0,01 

Nickel mg/L 0,2 

Selenium mg/L 0,02 

Vanadium mg/L 0,1 
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5 STUDY AREA 

RichWater project consists of four modules- membrane bioreactor, mixing station, 

fertigation system and monitoring and controlling unit. The pilot MBR treatment facility 

of BioAzul includes a membrane bioreactor and its monitoring and controlling units. The 

experimental site of La Mayora consists from plantations of mango, avocado and tomato, 

a mixing station with water tanks, an irrigation system and a monitoring module. Mixing 

station is installed to prepare irrigation solutions by mixing fertilizers with water. 

Fertigation system applies prepared irrigation solution to the different sub-fields.  

The pilot MBR site and the experimental agricultural site are located in the Algarroba 

municipality, province of Malaga, Spain. It is 32 km from Malaga. The area includes 

several small towns- Algarrobo, Algarrobo Costa, Mezquitilla and Trayamar, with the 

joint population of approximately 5000 people. The total area is 9,73 km2 and it has access 

to the Mediterranean Sea on the south. The main economic activities of Algarrobo 

municipality are agriculture and forestry, fishing and tourism during summer periods. 

(Ayuntamiento de Algarrobo, 2018) 

5.1 Climate Conditions  

Monitoring weather conditions is one of the key elements for a successful management 

of both a wastewater treatment facility and an agricultural field. For instance, air 

temperature and relative humidity are used for calculation of water need of the plants, life 

cycle of the crop, fruit maturation and for designing life cycle of the crop. Furthermore, 

analysis of climate data may provide explanation to some uncertainties in quality and 

quantity of end products. The meteorological parameters are recorded by the climate 

control station during the experimental period of 10 months from July 2017 to June 2018. 

The station is situated in the experimental field and can be seen in the Figure 5. The list 

of parameters includes air temperature (T), relative humidity (RH), precipitation, wind 

speed and evapotranspiration (ET0) and other ones. The measurement is carried out by 

private company, Pessl.  

The climate of Algarrobo area is a subtropical Mediterranean. There are warm, dry and 

long summer period (from March till November) and short winter period (December- 

February). The average summer temperature is around 20-25 °C but it can rise to 39 °C 
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in August. Winter in Algarrobo is very mild with average temperature 12-15 °C. Relative 

humidity is high during the whole year, despite changes in temperature, which can be 

explained due to the closeness of the sea. The collected data can be seen in the Table 9. 

(Bioazul, 2018) Algarrobo municipality as well as whole south part of Spain, Andalusia, 

struggles with a limited availability of fresh water resources to cover all human needs. 

The number of days with precipitation is around 40-45 per year, while there are 

approximately 300 days of sunshine. (Climate Data, 2018) The total rainfall during 12 

months of studying is 480,2 mm. The precipitation is not distributed equally between the 

months. Highest concentration of rainfall is predominantly in March with 253 mm, while 

the driest months are July and  September 2017 and June 2018 (Table 9).  

 

Table 9. Climatic parameters during the study period (Bioazul, 2018) 

 

Month 

T [°C] RH [%] 
Rain 

[mm] 

ET0 

[mm] 

avg max min avg max min sum sum 

07/2017 24.92 30.88 17.7 69.68 95.73 32.25 0.8 99.3 

08/2017 25.66 39.45 19.73 71.05 96.37 6.49 11.8 134.9 

09/2017 23.2 32.39 13.89 65.48 89.12 12.53 1.4 113.2 

10/2017 20.64 28.73 12.69 70.8 97.72 25.71 50.8 73.8 

11/2017 15.81 26.87 7.57 67.75 96.94 18.15 39.2 40.4 

12/2017 13.38 23.05 6.17 63.64 93.65 19.4 13.4 36.7 

01/2018 12.5 24.73 4.62 65.75 96.52 17.15 34.2 40.1 

02/2018 12.24 22.45 3.19 62.67 95.75 16.6 31.2 71.3 

03/2018 14.38 23.92 5.07 66.58 98.05 9.99 253.6 126.2 

04/2018 16.06 23.91 7.89 67.96 96.76 25.18 41.6 185.0 

05/2018 18,53 19,10 18,01 65,92 69,04 62,48 2,2 271 

06/2018 21,67 22,33 21,06 63,31 66,4 60 0 284,1 
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The problem of water scarcity in Spain can be identified by AWARE and WSI- well-

known scientific indicators. Water Stress Index (WSI) is another comprehensive 

indicator, that is defined as the relationship between water availability and total water use 

by anthropogenic activities. The basic principle can be explained as following: the chance 

of water stress in natural and human systems increases with closer gap between use of 

water and water supply. It was possible to find WSI for Algarrobo area via Water Risk 

Atlas (World Resources Institute, 2018). According to the map, the overall water risk is 

medium to high (2-3 in score scale 0-5). It is projected that water stress will increase by 

1,4 times to 2020. (World Resources Institute, 2018) 

AWARE represents the relative available water per area in a watershed, which has left 

after satisfying the demand of humans and aquatic ecosystems. Thus, it applies the 

assumption that area with less amount of remained water will have less available water 

for another user. The WARE factor of area is interpreted with respect to the  world average 

that is 1. The units are m3-world eq. that can be explained as average m3 of water 

consumed in the world (WULCA, 2014) Spain´s factor is 39,9 meaning that almost 40 

times less available water is remained compare to the world average. The factor for 

agricultural use is 79,13. It indicates that it can be a challenge to provide enough water 

for agricultural purposes. (WULCA, 2016) This trend was noticed by Chartzoulakis and 

Bertaki (2015) in paper related to the water deficit in Mediterranean countries.  

 

Figure 5. The climate control station (Author, 2018) 
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5.2 Pilot Membrane Bioreactor 

The preparation of reclaimed wastewater takes place in the pilot MBR treatment facility, 

which is designed and maintained by Bioazul. The scheme of whole process is illustrated 

in the Figure 6. The total surface area of the system is 115,5 m2. It is located on the site 

of convenient municipal wastewater treatment plant of Algarrobo municipality. Before 

entering to the membrane bioreactor plant, municipal wastewater passes through 

screening and grit removal of MWWTP. Big particles and objects, such as sand, silt and 

paper, are separated from a wastewater flow to prevent possible malfunctions and 

clogging in the treatment system. (Caballero, 2018) 

 

Figure 6. The scheme of the pilot MBR treatment plant (Author, 2018) 

 

The pilot MBR can handle 150 m3 of water input per day. Wastewater passes through 

screening again to remove particles with diameter more than 2 mm. Two steps system of 

screening ensures that inlet wastewater does not contain particles, which can lead to the 

clogging and the destruction of the treatment system. Next step is aerobic bioreactor. Both 

systems are presented in real form in the Figure 7. The capacity of activated sludge 

treatment system is 54m3. Reactor has 12 m of length and its diameter is 2,4 m. The total 

surface area of aerobic bioreactor is 28,8 m2. (Caballero, 2018) 
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Figure 7. From left to right: Screening and Activated Sludge Reactor (Author, 2018) 

 

The organic matter is treated by mean of a biological decomposition in the reactor. The 

main difference of this process compare to the convenient activated sludge removal is the 

way of treating nutrients. The aim is to keep nitrates (NO3) in the water stream instead of 

removing them. Therefore, only nitrification by oxidation of ammonium (NH4) takes 

place, while convenient AST includes both nitrification and denitrification processes. 

Phosphorous (P) is not degraded either. The main operational parameters of the aerobic 

bioreactor are presented in the Table 10. It includes information about dissolved oxygen, 

hydraulic retention time, solids retention time, mixed liquor suspended solids and other 

ones. (Caballero, 2018) 

 

Table 10. Operation parameters of the AST system (Caballero, 2018) 

Parameters Range Units 

pH 7-8 units 

t 15 °C 

DO 0,5-1,5 mg O2/L 

MLSS 8 g/L 

HRT 11,5 hour 

SRT 25 day 
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During the activated sludge treatment, small amount of sludge is formed. It is removed 

from the water stream and transferred to a sludge treatment system of the MWWT plants. 

There sludge from both plants (MBR and MWWT plant) is dewatered and stored in the 

tank. It is used as a biomass for energy production. After activated sludge removal treated 

wastewater flows to the membrane reactor (Figure 8). It is a secondary treatment system 

of the pilot MBR, where pathogens are removed and their contamination in the water 

stream is controlled. The dimension parameters of membrane tank are: diameter is 2,4 m 

and height is 2,5 m. The total surface area is 4,52 m2. The total capacity of membrane 

tank is 11,3 m3. (Caballero, 2018) 

 

Figure 8. From left to right: Membrane reactor and its cleaning (Author, 2018) 

 

Type of the membrane is a flat sheet ultrafiltration (UFFP).  The model is cassette filter 

MCXS2 designed by Newterra. The typical area of application is filtration of wastewater 

in membrane bioreactors. Cassette consists of housing and header, 26 active filter plates, 

2 protective plates- all made of polypropylene, and laser welded membrane made of 

polyether sulfone. The dimensions of filter housing are 2,09 x 2,09 x 4,90 m with outlet 

diameter 25 mm. Total membrane surface area is 3,5 m2. The size of pore is 0,04 μm, 

which corresponds to the ultrafiltration. The filtration pressure is between 0,1-0,25 bar. 

(Newterra, 2018) It is necessary to provide a sufficient air flow in open membrane reactor 

to prevent membranes from fouling and to decrease pressure between them. The 

membrane reactor is rinsed with clean water when is needed  (Figure 8), and once per 

year it needs to be cleaned by storing in a chlorine solution for 12 hours. (Caballero, 2018)  
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The pilot treatment plant applies an ultra-violet purification method. It disinfects water 

from microorganisms. The chosen UV-lamp is a mercury vapor low pressure model 

MINI-65W/4P. The potential electrical power of lamp is 65 W and voltage is 123 V. The 

UV-lamp can work up to 7000 hours. The parameters of the lamp are: length is 867,8 

mm; arc length is 787,4 mm and diameter is 15 mm. (Xylem, 2017) The treatment system 

is installed in the water pipe between membrane reactor and water tank. The storage tank 

can keep up to 15 m3 of treated water. Part of the water is transferred to store in a small 

tank for cleaning of membrane reactor. Part of reclaimed water is used for irrigation of 

experimental field, while the rest of water ends up in a water reservoir and is discharged 

to the sea later. (Caballero, 2018)  

 

Figure 9. UFFP membrane (Newterra, 2018) and visualization screen of PC (Author, 2018) 

 

The pilot MBR consists from multi parameter process monitoring and controlling units 

in wastewater to maintain productivity of treating process. The treatment processes are 

controlled by Programmable Logic Controllers (PLC). The system is designed by the 

manufactural company, WAGO, based on indications of BioAzul. There is a visualization 

screen in the monitoring and control cabinet, which shows the whole process and its main 

parameters to control, such as oxygen amount, pressure and temperature. This PC is 

connected to Internet via a 3G modem and has a remote control. Figure 9 gives bright 

look to the visualization scheme.  Independent laboratory takes samples of RW once per 

week for analysis and external control. (Caballero, 2018) 
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5.3 Experimental agricultural site 

The boundaries of this thesis exclude the analysis of soil and crop, thereby the description 

of the agricultural site is short and includes only the most important parts. The 

experimental site for agronomic studies is located beside the MWWTP of Algarrobo 

municipality, where the membrane bioreactor unit is placed (longitude 36.7º N, latitude 

4.6º E, 20 m). The distribution of installations in the experimental site is shown on the 

Figure 10. The experimental site consists of several plots of cropland and greenhouses 

equipped with open irrigation systems. There are also one water-fertilizer mixing unit, 

two ponds and one stand for personnel.  

 

Figure 10. Plan of the experimental agricultural site (Romero-Aranda, 2017) 

 

According to the Figure 10, the first greenhouse is specified as A and B. The greenhouse 

is situated next to the irrigation and fertigation unit (tanques fertirriego). Its surface area 

is 160 m2 and is covered by polyethylene. The greenhouse is used for growth of tomatoes 

(Solanium lycopersicum L.) in 10L pots filled with vermiculate. In total, there are 168 
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pots with tomato plants, from which 84 plants are irrigated with local water and 84 with 

reclaimed water. The second greenhouse is indicated as C1 and C2 on the plan and its 

total area is 100 m2. There, 20 avocado trees (Persea Americana, cv. Hass grafted on 

TopaTopa rootstock)  and 20 mango trees (Mangífera indica, cv. Osteen grafted onto 

Espada rootstock) are growing in 50 L pots with vermiculite soil (Figure 11). Half of each 

tree types (10 and 10 trees) is irrigated with local water and another half with reclaimed 

water. Two open agricultural fields (D1 and D2 on the plan) are situated behind the 

greenhouses Field D1 is utilized for growing 48 mango trees in 50 L pots, from which 

half is irrigated with local water and another half with reclaimed water.  Pots with 48 

avocado trees are located on the field D2 and the same as for mango trees, two water types 

for irrigation are distributed equally between the trees. The trees grow in pots filled with 

mix of soil and peat.  (Romero-Aranda, 2018) 

 

Figure 11. From left to right: The greenhouse A-B and the greenhouse C1-C2 (Author, 2018) 

 

The irrigation control unit is an important module of the agricultural field and project in 

general. It is equipped with three water tanks, pumps, a fertigation system, electro valves, 

an automatic irrigation programmer and filters (Figure 12). Two irrigation treatments are 

performed based on the water quality of the irrigation source. One source (LW), with an 

average electrical conductivity (ECw) of 0,5 dS/m, is pumped from the Algarrobo river, 

which is a source for water supply used by community of growers of the municipality of 

Algarrobo. The other source is reclaimed water (RW) that pumped from the MBR pilot 

plant. Water is stored in tanks with 7000 L capacity each one, from which one for storing 
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local water and other two are for reclaimed water. Tanks for RW replace one another 

every week. (Romero-Aranda, 2018) 

 

Table 11. 1/4 of Hoagland solution for irrigation of plants (Romero-Aranda, 2018) 

 

All plants receive the same amount of irrigation water with fertilizer, applied through the 

drip irrigation system with one or two emitters per plant and a flow rate of 2 L/h. The 

volume of irrigation water is adjusted in each subplot to ensure a 20-25% leaching fraction 

what is sufficient to avoid the increase of salts in the substrate. In total, for all agronomic 

assays around 6 m3/week of RW and 6 m3/week of LW are used.  Pest control practices 

are those commonly used by growers in the area. Two new irrigation solutions are weekly 

prepared considering the chemical analysis of the water source (RW or LW). As reference 

for nutrient content that should have the irrigation solution to be prepared every week, the 

Hoagland solution (¼ strength) is considered (Table 11). It is a hydroponic nutrient 

solution for growing plants. Depending on the amount of primary (N, P, K ) and secondary 

(Ca, S, Mg) nutrient content in RW and LW, fertilizers are added manually at the 

fertigation station unit. The information about quantity of macronutrients in the two 

sources of water came from weekly water sampling and analysis developed by an external 

laboratory NeoIntegra.  (Romero-Aranda, 2018) 

Nutrients mg/L (ppm) 

Macronutrients 

Primary 

N 36,43 

P 7,74 

K 64,51 

Secondary 

Ca 45,09 

S 16,14 

Mg 12,15 

Micronutrients 

Fe 0,925 

Zn 0,075 

Mn 0,4375 

Cu 0,0375 

B 0,0625 

Mo 0,025 

HCl Cl 0,45 

Salinity NaCl 2,60 
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Figure 12. From left to right: Fertigation system and pumps for water irrigation (Author, 2018) 

 

6 METHODS 

The research work was done by using several methods. Collection of water samples and 

their measurement was implemented by the independent laboratory NeoIntegra. The 

laboratory is one of the Rich Water’s partners and specializes in assessment of food 

quality, water treatment systems and swimming pool water quality. The interview with 

personnel of the laboratory was organized to document the whole process of water 

sampling and measurement. There were three planned visits to the pilot MBR station site 

to see the whole treatment process and to have the interview with a product manager of 

BioAzul about the maintenance of the pilot treatment plant.  

Data for assessment was provided by partners of the RichWater project, such as Institute 

for Mediterranean and Subtropical Horticulture "La Mayora" and BioAzul company. 

Comparative analysis of data was done by applying the MATLAB programming language 

to  the result values of local water, reclaimed water and municipal wastewater before 

treatment. It also includes the threshold values for reclaimed water reuse in agricultural 

irrigation. The applied limits are based on the legislations and guidelines, reviewed in this 

work. Another statistical assessment was done to identify possible correlations among the 

climate conditions and number of water parameters out of range. It was implemented by 

applying software Weka (Waikato Environmental for Knowledge Analysis). The 

software is free to use, and it contains a comprehensive collection of algorithms and 

visualization tools for data analysis and predictive modelling (Frank et al., 2016). 
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6.1 Water Sampling  

Water samples include reclaimed water and local water types. They were collected and 

analysed by independent laboratory NeoIntegra. The laboratory is located quite near the 

experimental place and estimated time of transportation is around 30-35 minutes. 

Personnel used sterile non-transparent plastic containers for water sampling. The volume 

of needed sample was 1 L for both cases. Containers with samples were placed in the 

refrigerator to save their properties during transportation. Lab coat and gloves were 

obligated to wear during samples collection to avoid possible contamination by reclaimed 

water.  (NeoIntegra, 2018) 

Reclaimed water samples were collected once per week on Monday. Water was taken 

directly from the water tank in the pilot MBR through the pipe. Water should flow through 

pipe for 15-20 seconds, so it rinses the pipe. In this case, reclaimed water sample contains 

fresh reclaimed water. Local water samples were collected on the first Monday of every 

month from the water tank installed in the irrigation station. Just as in the case of 

regenerated water, the pipe must be washed with water before taking the sample. The 

main reasons to collect samples of local water are: to provide data for comparison 

reclaimed water and local water and to ensure that the local water corresponds to the 

quality standards of Spain. (NeoIntegra, 2018) 

6.2 Water Measurement  

Reclaimed water and local water types were measured following the protocols established 

by the RD 1620/2007. The frequency of measuring every water parameter is summarized 

in the Table 12. The choice of water parameters was based on the Spanish legislation 

concerning quality of the reclaimed water for agricultural irrigation (RD 1620/2007, 

Annex II, type of water 2.3) and the European Directive with specific rules about the 

quality of effluent after treatment (EU 91/271/EEC, Annex I). However, the measurement 

also included such water parameters as inorganic matter and nutrient content, because 

they are essential elements for successful agriculture. They can support or cause negative 

impact to the plants and improve or decrease the fertility of soil. In addition, the nitrogen 

and phosphorus content of the reclaimed water was monitored to ensure the objective of 

the MBR plant for the preservation of nutrients in water. 
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Table 12. Timetable for measurement of water parameters (Author, 2018) 

Parameters Units 
Timetable 

RW LW 

Biological 

Intestinal Nematodes egg/10 L 1 / 2 weeks - 

Escherichia coli CFU/100 ml 1 / week 2 times 

Legionella spp CFU/L 1 / month - 

BOD5 mg O2/L 1 / 2 weeks - 

COD mg O2/L 1 / week - 

Physicochemical 

Turbidity NTU 

1 / week 

- 

Suspended Solids mg/L 2 times 

pH 1- 14 2-3/ month 

El. conductivity dS/m 

Inorganic matter Ca, Mg, SO4, Na, Cl mg/L 
1 / week 

1/2 moths 

Nutrients 
K mg/L 

P-total and N-total mg/L 1 / 2 weeks 2 times 

Trace elements Boron mg/L 5 times 

4 times 
Arsenic mg/L 1 / month 

Heavy Metals Fe, Mn and Mo mg/L 1 / 2 months 

Cr, Ni, Cd, Zn, Cu, Pb mg/L 1 / month 

 

Intestinal Nematodes in water samples were measured by Bailenger method. Legionella 

spp was analysed once per month in RW sample, except April and May 2018, and were 

detected according to the method of ISO 11731 Standard, part 1 from 1998. Escherichia 

coli was measured by applying method of counting of Escherichia coli β- Glucuronidase 

positive. The electrical conductivity and suspended solids were determined using a PC-

2700 meter (Eutech Instruments, Singapore). pH was measured with a Crison 507 pH-

meter (Crison Instruments S.A., Barcelona, Spain) and turbidity was measured with a 

Dinko-D-110 (Dinko Instruments S.A., Barcelona, Spain) turbidity meter. pH was 

determined in samples of local water 2-3 times per month, except December 2017, April, 

May and June 2018. An inductively coupled plasma mass spectrometer (ICP-ICAP 6500 

DUO Thermo, England) was used to measure the concentration of sodium, calcium, 

magnesium and potassium. The Sodium Adsorption Ratio (SAR) was calculated from the 

concentrations of sodium, calcium and magnesium. Chloride, nitrate and sulphate were 

determined by ion chromatography with a liquid chromatograph (Metrohm, Switzerland). 

Boron, arsenic, molybdenum, nickel, cadmium, lead and zinc were measured by 



 

 

57 

inductively coupled plasma mass spectrometry (ICP-OES 720-ES). Photometer method 

was applied to measure iron, copper and manganese. The concentration of total nitrogen 

and total phosphorus were determined by photometry (Hanna Instruments 83314) 

(Romero-Aranda, 2018) 

7 RESULTS AND ASSESSMENT 

The period of experiment is 12 months, from 20th of July 2017 to 26th of June 2018, 

which is 50 weeks in total. The collected data contains information about the quality of 

reclaimed and local water types and includes microbiological, physicochemical and 

chemical parameters, such as inorganic matter, nutrients and trace elements. The 

comparative analysis between water types is done in sections 7.1-7.5, when parameters 

are available for both RW and LW as one of the work´s objectives. The assessment 

includes the limit values for the reuse of reclaimed water in agricultural irrigation from 

several sources: WHO Guidelines (2006), FAO irrigation and drainage paper 29 (1985) 

and RD 1620/2007. Table with the threshold values based on reviewed legislations and 

guidelines is in the Appendix 1. Subsections 7.6 and 7.7 are related to the objective that 

is focused on the assessment of the MBR plant according to the requirements of EU 

Directive 91/271/EEC. Climate conditions as a possible influence on the operational 

efficiency are analysed with the aim to search for correlations between the climate and 

the quality parameters of reclaimed water. Discussion (subsection 7.8) is conducted to 

provide a key information obtained for the purposes of the study, in order to create the 

basis for aims of the work. 

7.1 Microbiological parameters of RW 

The analysed reclaimed water from the MBR treatment station had some microbiological 

contamination. The measurement of local water for microbiological parameters included 

only Escherichia coli, because local water is monitored annually by municipal authorities, 

and its microbiological contamination is under the limit values established by Spanish 

legislation. According to RD 1620/2007 of Spain, analysed wastewater refers to level 2.3, 

because it is used for localized irrigation of woody crops without contact with fruits 

consumed by humans, such as mango and avocado trees, and in greenhouses without 
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direct contact with produced fruits (tomatoes production in greenhouse). Figure 13 

presents analysed data for microbiological contamination. 

Figure 13. Microbiological parameters of the RW and their limit values (Author, 2018) 

 

Three water parameters of reclaimed water type were analysed for microbiological 

contamination-  Legionella spp (Lspp, left Y-Axis with yellow scale), Intestinal 

Nematodes (IN, left Y-Axis with blue line) and Escherichia Coli (E. Coli, right Y-Axis 

with green scale). According to the Figure 13, the Legionella spp and Intestinal 

Nematodes were not detected almost all period of experiment with a small exception. In 

the week 8, Legionella spp was above the limit of 100 CFU/L, reaching 300 CFU/L. The 

value of Intestinal Nematodes was once way above the limit of 1 egg/10 L in the week 

19, reaching 5 eggs/10 L. Moreover, Escherichia Coli did not exceed the limit value of 

10000 CFU/ 100 mL during the experiment. Local water type was measured twice for the 

presence of Escherichia Coli. The maximum value was 70 CFU/ 100 mL, which is much 

lower than applied limitations.  
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7.2 Physicochemical parameters of RW and LW 

Physicochemical parameters for this assessment include turbidity and suspended solids 

(SS) for reclaimed water and electrical conductivity and pH for both reclaimed and local 

water types. The limit values for all parameters, except pH, comply with the 

RD1620/2007, but the limit boundaries for pH are according to the WHO Guidelines for 

the safe use of wastewater.  Figure 14 presents pH and ECw for local and reclaimed water 

types, while values of turbidity and SS are shown in the Figure 15.  

 

Figure 14. pH and ECw parameters of RW and LW and their limit values (Author, 2018) 

 

The local water did not exceed the limit values for agricultural water reuse. Though the 

pH and electrical conductivity parameters of reclaimed water were above the required 

limits several times. The ideal pH range according to the WHO Guidelines is between 6-
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8,5. During five weeks the pH of RW was above the limit with the maximum value 8,9 

on September 4 and 11, 2017, weeks 8-9. In total, there were 4 peaks- first two weeks in 

September 2017, in the week 15 (end of October 2017), during the weeks 28-29 (end of 

January 2018) and in the week 50. However, the exceeded values of pH can be reduced 

by dilution method or by adding nitric acid to the water solution. The ECw values of the 

reclaimed water exceeded the limit of 3 dS/m two times in the beginning of the 

experiment, in the week 4 (August 10, 2017) and in the week 8 (September 9, 2017) with 

values 4,68 dS/m and 5,32 dS/m.  

Figure 15. Turbidity and SS parameters of reclaimed water and their limit values (Author, 2018) 

 

The figure 15 includes two water parameters- turbidity (left Y-Axis, blue line) and 

suspended solids (right Y-Axis, green line). The content of SS was changing during the 

whole period of experiment and rose above the limit of 35 mg/L seven times. The 

maximum amount of SS, 107 mg/L, was on January 9, 2018, week 26. The other two 

great changes happened during October 2017 and June 2018, weeks 15 and 48, with 

values 85 mg/L and 67 mg/L. The content of SS in LW was measured 2 times and its 

values were 4 and 2 mg/L, which is way below the limit. According to the RD 1620/2007 

Turbidity does not have limitations according to the RD 1620/2007 for water type 2.3. 

During the weeks 37-40 (end of March 2018- middle of April 2018) and in the week 49 

(June 12, 2018) were two main peaks of turbidity with high values up to 100 NTU.  
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7.3 Inorganic matter of RW and LW 

The values for inorganic content are available for both water types, including calcium 

(Ca2+), magnesium (Mg2+), sodium (Na+), chloride (Cl-) and sulfate (SO4
2-). Sodium 

Adsorption Ratio (SAR) was calculated based on the equation 2, where values of calcium, 

magnesium and sodium are applied. The collected data was converted into meq/L (units 

of SAR) by dividing the value of parameter in mg/L to its factor (Appendix 2). Figure 16 

presents values of calcium and magnesium for both water types.  

 

Figure 16. Content of calcium and magnesium in RW and LW and limit values (Author, 2018) 

 

Calcium content was under the limit value of 400 mg/L, which is very good considering 

the close presence of Algarrobo area to the sea. The content of magnesium in reclaimed 

water exceeded 9 times the limit value of 60 mg/L, while local water had once the value 
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of Mg2+ a little higher than the limit. For RW the longest peak above the limit was during 

first 4 weeks of experiment (July 20- August 10, 2017) with values range 91-130 mg/L. 

The high content of magnesium can be explained by an origin of water. It flows down 

into rivers from mountains which are formed by magnesium-rich rock types. 

According to Figure 17 below, the sulfate (SO4
2-) content of RW and LW was under the 

limit value of 960 mg/L (FAO paper 29) during all period of experiment. The content of 

chloride was above the limit of 106 mg/L (WHO Guidelines 2006) during most period of 

experiment in both water types. The limit is very strict due to the toxicity of chloride for 

plants growth, especially for perennial-type crops (mango and avocado trees) as they are 

more sensitive. There were several peaks of chloride content in RW- one during the weeks 

1- 11 (July- September 2017) with highest value 1300 mg/L, weeks 26-29 (January 2018) 

with highest value 900 mg/L and week 36 (19th March 2018) with value 950 mg/L. 

Figure 17. Content of chloride and sulfate in RW and LW and their limit values (Author, 2018) 

 



 

 

63 

The sodium content in LW and RW and SAR are illustrated in the Figure 18. Local water 

contained very low level of sodium, thereby its SAR was also below the limit. The sodium 

content of RW was mostly under the limit of 920 mg/L during the experiment, except in 

the week 4, August 10, 2017. The value reached up to 1484 mg/L. It can be related to the 

reconstruction activities in the harbor of Algarrobo-Costa. Sodium adsorption ratio has 

been analyzed by comparing with two limit values taken from the FAO paper 29 and RD 

1620/2007. If take into consideration only the limit value 15 meq/L of the FAO paper 29, 

SAR was above the limit only once in the week 4, reaching 22 meq/L. However, Spanish 

Royal Degree has established striker limit value of 6 meq/L. In this case, SAR exceeded 

the limit in the weeks 1- 4 (July 20- August 10, 2017) and in the week 8 (September 4, 

2017). During these periods the content of magnesium and sodium were higher than usual. 

 

Figure 18. Sodium and SAR parameters of RW and LW and their limit values (Author, 2018) 
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7.4 Nutrient content of RW and LW  

The assessment of macronutrient content includes potassium (K), total nitrogen (N-tot) 

and total phosphorous (P-tot). The content of total nitrogen in reclaimed water is shown 

in the Figure 19. The limit value of WHO Guidelines is 30 mg/L, while 91/271/EEC has 

established the limit of 15 mg/L. During the experiment the content of N-tot exceeded 

both limits during several periods- weeks 5-12 (August- September 2017) and weeks 19-

23 (November 21- December 18, 2017) with highest value 190 mg/L. According to 

several studies, water for irrigation containing 24 mM/L of nitrogen does not cause any 

negative effect to the growth of plants and quality of harvest (Dorais et al., 2001). Thus, 

the reclaimed water is safe to use for agricultural irrigation in relation to crop production, 

because the content of nitrogen is much lower than 24 mM/L, that is equal to 336 mg/L.   

Figure 19. Content of total nitrogen and phosphorous in RW and their limits (Author, 2018) 
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The content of total phosphorous can be seen in the Figure 19 above. The limit value is 2 

mg/L established by 91/271/EEC. LW contained a small amount of P-Total, while the 

presence of phosphorus in the RW was above the limit most of the time during the 

experiment. Potassium is an essential nutrient for plants. It is necessary to provide it in 

large amount for proper growth and reproduction of plants. However, current legislation 

recommends decreasing content of K+ to 2 mg/L. How it can be seen in the Figure 20, 

even local water cannot achieve this limit value. The highest content of potassium in LW 

was 12 mg/L in the week 25 (January 2, 2018). Reclaimed water contained potassium 

above the limit during whole experiment, with highest value of 167 mg/L in the week 9 

(September 11, 2017).  

 

Figure 20. Potassium content in RW and LW and its limit value (Author, 2018) 

 

7.5 Trace elements and heavy metals contamination in RW and LW 

Assessment of trace elements includes concentration of boron and arsenic in both RW 

and LW. There are two limit values for boron established by WHO Guidelines (3 mg/L) 

and RD 1620/2007 (0,5 mg/L). The concentrations of boron in both water types were 

below the limits. The threshold value for arsenic content is proposed by RD 1620/2007 

and is 0,1 mg/L. The contaminations of arsenic in RW and LW did not exceed the limit 

value. Figure 21 shows boron and arsenic contents in both water types.  
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Figure 21. Content of boron and arsenic in LW and RW and their limit values (Author, 2018) 

 

Presence of heavy metals in water for irrigation can lead to severe impacts. Thus, excepted 

concentration in wastewater for agricultural irrigation of this group of contaminants is 

very low. The limit values for manganese, chromium and cadmium are equal in both RD 

1620/2007 and WHO Guidelines for safe water reuse from 2006. Presence of manganese 

in reclaimed and local water types was under the limit value of 0,2 mg/L during the 

experiment. Chromium content in both water types did not exceed the established limit 

of 0,1 mg/L as well. The contamination of cadmium was less than 0,005 mg/L during 

whole period in both RW and LW. The limit value for Cd is 0,001mg/L. Figure 22 shows 

the content of these heavy metals in water types for 50 weeks.  
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Figure 22.  From left to write: contents of manganese, chromium and cadmium in RW and LW and their 

limit values (Author, 2018) 

 

Concentration of iron in reclaimed and local waters was once out of the limit 5 mg/L, 

proposed by the WHO Guidelines. In the week 14 (October 16, 2017), the iron content in 

RW reached 270 mg/L, while LW contained 87 mg/L of iron in the week 12 (October 2, 

2017). However, the content of iron in LW and RW was below 0,5 mg/L during the rest 

of days when two water sources were analyzed. In case of nickel presence in water types, 

local water contained less than 0,005 mg/L of Ni, while the limit value is 0,2 mg/L 

according to RD 1620/2007. Nickel content in RW was once above the limit, reaching 

0,409 mg/L in the week 21 (December 4, 2017). During rest of experiment, concentrations 

of Ni were not higher than 0,013 mg/L. Both heavy metals and their contamination are 

presented in Figure 23.  

 



 

 

68 

 

Figure 23.  Iron and nickel content in RW and LW and their limit values according to the WHO 

Guidelines and RD 1620/2007 (Author, 2018) 

 

Several days copper was recorded in high concentration in both water types comparing to 

the limit value of 0,2 mg/L established by RD 1620/2007 (Figure 24). Reclaimed water 

exceeded the limit 4 times during the experiment: in the weeks 12 and 14 (October 2017) 

with content of copper 10 mg/L, in the week 21 (December 4, 2017) with 21 mg/L of Cu 

and in the week 47 with highest content of Cu 44 mg/L. Local water contained copper as 

well out of the limit in the week 12 (October 2, 2017), reaching 10 mg/L. High 

contamination of copper is probably related to the water pipes of sewage system. Old 

houses in the Algarrobo municipality still maintain pipes made of copper for municipal 

sewage system, which have tendency for leaching up of copper and lead to the water. The 

dates, on which the highest levels of Cu were found, match with seasonal holiday periods. 

During the rest of the year most of these houses are not inhabited. (Romero-Aranda, 2018)  
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Figure 24. Copper content in RW and LW and its limit values (Author, 2018) 

According to Figure 25, the contents of zinc and molybdenum in LW and RW were almost 

under the limit values. RD 1620/2007 has established the limit 0,01 mg/L for Mo and the 

limit value of Zn is 2 mg/L (WHO Guidelines, 2006). RW contained molybdenum once 

above the limit, reaching 0,025 mg/L in the week 42 (May 2, 2018), while the content of 

Mo in local water was low enough during the experiment. Local water had zinc 

contamination of 87 mg/L in the week 8 (September 4, 2017).  

Figure 25. Zinc and Molybdenum content in RW and LW and their limit values (Author, 2018) 
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7.6  Treatment efficiency of the MBR plant 

The MBR treatment plant of the experimental place is focused on removal dangerous 

microbiological contamination and toxic pathogens. Thus, 5-day Biochemical Oxygen 

Demand (BOD5) and Chemical Oxygen Demand (COD) of reclaimed water are supposed 

to be lower than limit values, established by the Directive 91/271/EEC. The limit 

concentrations are 25 mg/L O2 for BOD5 and 125 mg/L O2 for COD. According to Figure 

26, the reclaimed water contained BOD5 and COD above the limit values several times 

during the period. The concentration of BOD5 exceeded 4 times- in the week 3 (August 

3, 2017), in the week 40 (April 17, 2018) and in the weeks 47 and 49 (June 2018) with 

higher value of 241 mg/L O2.  The content of COD was above the limit 8 times, with 

highest values 680 mg/L O2 and 520 mg/L O2 during weeks 27 and 30 correspondently.  

Figure 26. The concentration of BOD5 and COD in RW and their limit values (Author, 2018) 

 

The Directive 91/271/EEC has defined the minimum reduction efficiency for five water 

parameters- BOD5, COD, TSS, N-tot and P-tot. As it is seen from Table 13, the MBR 

treatment plant had achieved good removal efficiency for BOD5, COD and SS. Here, total 

suspended solids were replaced by suspended solids, because of lack of data about TSS. 

Total nitrogen and total phosphorous were treated less efficiently than its recommended. 

Removal efficiency of the pilot MBR plant was calculated by applying equation 3, where 

average concentration of parameter for influent and effluent wastewater is known.  
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Table 13. Removal efficiency of the MBR plant (Author, 2018) 

 

𝑟𝑒𝑚𝑜𝑣𝑎𝑙 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =
𝑖𝑛𝑓𝑙𝑢𝑒𝑛𝑡 (

𝑚𝑔

𝐿
)−𝑒𝑓𝑓𝑙𝑢𝑒𝑛𝑡 (

𝑚𝑔

𝐿
)

𝑖𝑛𝑓𝑙𝑢𝑒𝑛𝑡 (
𝑚𝑔

𝐿
)

𝑋 100%    (3) 

 

However, one of the main aims of the MBR plant is to keep nutrient content of municipal 

wastewater in favour of using them for crop fertilization instead of commercial fertilizer 

or as a supplement. The average contents of N-tot and P-tot are almost equal to the content 

of the Hoagland solution ¼, which was used to define the amount of fertilizers for plants 

irrigation. The amount of needed nitrogen is 36,43 mg/L and the amount of required 

phosphorous is 7,74 mg/L. For the moment, the recovery rate of nitrogen from MWW is 

72%, while of phosphorous is 63% (Figure 27). RichWater project is focused to achieve 

the recovery rate up to 80% for nitrogen and 68% for phosphorous.  

 

Figure 27. Recovery rate of nitrogen and phosphorous (Author, 2018) 

Parameters Influent [mg/l] Effluent [mg/l] Removal 

efficiency, % 

Min. 

reduction, % 

BOD5  321,64 21,91 93,18 70-90 

COD  598,78 99,40 83,39 75 

SS  452,07 16,87 96,26 70 

N-tot  49 35,28 27,98 70-80 

P-tot  8,56 5,45 36,22 80 
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7.7 Effect of ambient climate conditions to quality of water 

During the comparative assessment of reclaimed water and local water samples, it was 

noticed that the range of parameters exceeding the limit values per water sample varies 

depending on the week, when it was collected. Quality of treated wastewater can depend 

on seasonal conditions, such as daily change of climate, period of intensive tourism or 

natural disasters, which may cause changes in the inlet wastewater and as the result 

decrease the removal efficiency of treatment plant (Wilen et al., 2006). In order to look 

for possible correlations among the climate conditions and the number of water 

parameters out of range, the statistical assessment was implemented by applying software 

Weka for data analysis and predictive modelling. Two algorithms, REPTree and JRIP, 

were able to find some rules, which may help to shed some light to changes in quality of 

the effluent.  

REPTree is a fast decision tree learner that allows to classify data by building a decision 

or regression tree (Frank et al. 2016). The Figure 28 below illustrates the correlation 

between maximum temperature (X-Axis) of air and the number of water parameters out 

of range per sample (Y-Axis). When Tmax of the week followed by water sampling is less 

than 29,05 °C, the amount of water parameters out of range per sample is between 0-2 or 

1,08 averagely. There are three outliers in this situation, but they do not contain more than 

3 parameters exceeding the limit values. In opposite, when maximum temperature is equal 

or higher 29,05 °C, RW samples increase the number of parameters out of range up to 8 

per sample with average of 3,75. It can be seen in the graph, that two samples had only 1 

parameter exceeded the limitations, although there were no samples without error under 

Tmax more than 29,05 °C. The rule in a short form is below: 

𝑊ℎ𝑒𝑛 𝑇𝑚𝑎𝑥 < 29,05°C =≫ 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑒𝑟𝑟𝑜𝑟 𝑝𝑒𝑟 𝑠𝑎𝑚𝑝𝑙𝑒 1,08  

𝑊ℎ𝑒𝑛 𝑇𝑚𝑎𝑥 ≥ 29,05 =≫ 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑒𝑟𝑟𝑜𝑟 𝑝𝑒𝑟 𝑠𝑎𝑚𝑝𝑙𝑒 3,75  (4) 
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Figure 28. The effect of maximum temperature to the water quality parameters (Author, 2018) 

The second correlation was found by using JRIP data classifier, which implements a 

proportional rule learner (Cohen, 1995). Figure 29 presents a possible scenario, where 

RW samples have or do not have parameters exceeding the limit values under specific 

climate conditions. The data was classified into two categories: weekly sample with some 

parameters out of range (red cross in the graph) and “perfect” weekly sample without 

errors (blue circle in the graph). Y-Axis represents the ambient average temperature, 

while X-Axis is precipitation (rain). The rain scale (mm) is done in a logarithmic form 

for visualization purpose, because it allows to put very broad numbers in compact way. 

The JRIP classifier noticed that if the average temperature is lower or equal to 19,07 °C 

and the amount of rain during the week is lower  or equal to 1,4 mm, the quality 

parameters of the water sample are within the limit values in most cases (Equation 5). 

Otherwise, samples collected out of these boundaries contain several parameters 

exceeding limitations. The rule is not 100% accurate and has some outliers. 

𝐼𝑓 𝑟𝑎𝑖𝑛 ≤ 1,4 𝑚𝑚 & 𝑇𝑎𝑣𝑔 ≤ 19,09 °C =≫ "perfect sample"  (5) 
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Figure 29. The effect of average temperature and rain to the RW quality (Author, 2018) 

Both correlations suggest that climate conditions, particularly ambient temperature and 

rain, may play significant role in the quality of treated wastewater. As it was noticed by 

Wilen et al. (2006), increased wastewater flow due to rain or snow-melting causes not 

only hydraulic conditions in the treatment plant but also changes the properties of the inlet 

wastewater, which in turn affects process performance, such as removal efficiency, and 

quality of reclaimed water. In activated sludge reactor, variations in sludge retention time 

(SRT) affects a lot the microbial activity and its population, though SRT is influenced by 

temperature of the influent wastewater stream. (Shahzad, 2015, 857) Thereby, changes in 

ambient temperature can also influence the performance of MWWTPs and the quality of 

outlet treated wastewater.  

7.8 Discussion   

The membrane bioreactor showed good treatment efficiency during all 50 weeks of the 

experiment.  The concentration of BOD5 and COD were above the limits of  91/271/EEC 

several times. Overall, the removal efficiencies for mentioned above parameters and SS 

were greater than established minimum reduction efficiencies. However, the treatment of 

total nitrogen and total phosphorous parameters was done not according to the EU 

Directive, due to the aim of the MBR to preserve nutrients in reclaimed wastewater for 

their following application as fertilizers in agricultural irrigation. The pilot MBR copes 

with this end very well. It can be mentioned, that ambient climate conditions could have 
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effect to the treatment efficiency of a wastewater treatment plant and as a result to the 

quality of outlet reclaimed water. In this study, two possible correlations had been 

identified. They proposed potential rules, in which temperature and rain can diminish the 

treatment efficiency of the MBR separately or together. By knowing correlation between 

water parameters and ambient climate conditions, the operational process could be 

modified to achieve better results. Nevertheless, the research needs to be continued to 

obtain an extensive database with the composition of reclaimed water and climatic 

conditions to verify or prove the discovered rules or even to search for new correlations. 

Comparative analysis of reclaimed water (RW) and local water (LW) types used for 

agricultural irrigation has found several differences between their parameters. The 

assessment included also limit values established by local Spanish legislation and 

international guidelines. Microbiological contamination in both water types was in the 

limitations range of RD 1620/2007 for water type 2.3, which means that water for 

irrigation is not dangerous for people: workers of the pilot MBR and the agricultural field, 

for end consumers and for local community, although this water is not potable. The 

personnel of the treatment facility and the agricultural field have higher risk of infection, 

thus it is still recommended to use protective gloves and apply basic hygienic norms, for 

instance, hand washing with soap.(Carr et al., 2004, 36)   

Analysis of physicochemical parameters identified that the content of suspended solids in 

RW was much greater than in LW. Moreover, it was not stable through all experiment 

and exceeded the limit value several times. ECw and pH of local water were within the 

range, while reclaimed water had these parameters above the limit values several times. 

High ECw in the irrigation solution when using RW was related with the highest content 

of both sodium and chloride ions but also to the highest content of nutrients, mainly 

potassium. Salinity can affect crop water availability, if concentration of salts 

accumulated in the crop root zone is high enough to provoke a loss in yield. (Ayers and 

Westcot, 1994) High content of salts in RW was noticed also in the research conducted 

parallel with this work, which investigated the effect of irrigation with RW to the quality 

of tomato fruits. According to Muñoz-Sánchez (2018), the substrate irrigated with 

reclaimed water had higher salinity content compare to other ones irrigated with local 

water. However, the salinity in the substrate caused by irrigation with RW, did not affect 
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the ability of roots to capture essential nutrients. Based on this fact and considering that 

during the experiment ECw of RW was out of range two times, it can be assumed that 

salinity content of the reclaimed water did not cause any impact to the yields production.  

Inorganic matter of RW and LW is another major group of water parameters, which 

requires critical assessment, due to toxicity of ions for sensitive types of crops, such as 

mango and avocado trees. Calcium and sulphate contents were under the limit values in 

both waters. Due to the magnesium-rich rock types in Algarrobo area, water there 

contains high concentration of magnesium, although magnesium does not have severe 

direct impacts on environment and human health (Sengupta, 2013). Chloride content in 

LW and RW was mostly out of the range recommended by the WHO Guidelines, thereby 

there is a potential toxicity for growth of mango and avocado trees. It can easily 

accumulate in the leaves, and in high concentration leads to leaf burn or drying of leaf 

tissue, which are common injury symptoms. In contrast to LW, reclaimed water contained 

high amount of sodium in beginning of experiment, which affected the SAR. One of 

possible reasons is the reconstruction activities in the harbour of Algarrobo-Costa town, 

from where urban wastewater is also collected for treatment. The main impact of SAR is 

the effect to infiltration rate of water into soil. (Ayers and Westcot, 1994) 

The nutrient content of reclaimed water was significantly higher than limitations applied 

for controlling quality of wastewater for agricultural irrigation. Moreover, it is noticeable 

that LW has little bit of nutrient content and is much lower than content of RW. It is 

excellent for local environment, because the risk of eutrophication in natural water bodies 

is low, which is one of the priority goals of EU Water Directives. However, water for 

agricultural irrigation needs to contain enough certain macro- and micronutrients, which 

in case of lack or shortage are added through fertigation. The reference fertigation solution 

used in the present study (Hoagland, ¼ strength) with a content of 36,43 mg/L for 

nitrogen, 7,74 mg/L for phosphorous and 64,51 mg/L for potassium, was considered 

enough to guaranty needs of tomato, avocado and mango. The nutrient content in RW 

allows to supply an important percentage of required nutrients for the assayed crops. 

Consequently, application of this water source could diminish the need of commercial 

fertilizers, which leads to the reduction of eutrophication rates in natural water bodies and 

crop production costs. 
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The content of such trace elements as boron and arsenic in RW and LW was much lower 

than their limit values. The concentration of heavy metals varied in both water types. 

Manganese, chromium and cadmium were within the range established by RD 1620/2007. 

The contents of iron, nickel, zinc and molybdenum were mostly below limit values with 

small exceptions. The concentration of copper was much higher than it should be in RW 

during 4 measurements and once in LW. The possible explanation for this issue is that 

most of municipal buildings of Algarrobo area are still equipped with water pipes made 

of copper. The main drawback of this type of sewage system is the leaching of copper 

and lead to the water from water pipes. Leaching of copper to the groundwater and water 

basins may be hazardous for aquatic organisms and ecosystem as well as it can result in 

contamination of drinking water, although the toxicity of Cu to humans is relatively low. 

Nevertheless, there is a need for extra control and treatment. (Solomon, 2009, 27) Muñoz-

Sánchez (2018) noticed, that the amount of heavy metals in tomato fruits from plants 

irrigated with RW was lower than the values recorded in fruits from plants irrigated with 

LW. Moreover, no evidence was found about the effect in the quality of tomato fruits, 

that can be associated with type of water used for irrigation. (Muñoz-Sánchez et al., 2018) 

The last issue worth to mention is related to guidelines and legislations. There is no 

legislation at the European level related to the wastewater reuse in agriculture, which has 

resulted in creation of independent legislations within EU countries. The list of water 

quality parameters and their limit values vary significantly between them. It can lead to 

the impacts on human health and environment. Guidelines and legislations set the 

threshold values for reused wastewater, but they are sometimes more demanding than 

requirements for unrestricted irrigation by surface water. For instance, during this 

research LW also did not pass the limit value for copper concentration (Figure 24). How 

it was mentioned by Jensen et al. (2001), simply adopting the most stringent guidelines is 

not a realistic solution. Guidelines and legislations for wastewater reuse in agriculture 

could include also natural factors about local environment, soil, climate and crops to make 

them more concrete and accurate. Crops types require a specific mix of nutrients and 

water, and they may react differently to water contaminants. Type of soil influences the 

accumulative path of contaminants. The EU commission proposed in May 2018 to 

prepare a legislation act, specifically for the wastewater reuse in agricultural irrigation.  
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8 CONCLUSION 

Water stress and growing water demand have resulted on seek for new water alternatives. 

Water reclamation is considered as a sustainable way to provide available water sources, 

while agricultural irrigation is a common application for water reuse. The MBR 

technology is mentioned in several research papers as one of the most promising methods 

in the field of wastewater reuse, due to its ability to produce effluent with high quality. In 

this work, the pilot MBR was proved to be efficient enough to remove microbiological 

pollutants, inorganic compounds, some trace elements and heavy metals. Several 

variables may be considered to evaluate the quality of water and its usability for irrigation 

purpose. The boundaries of this research did not include the analysis of soil and crop, but 

only the assessment of reclaimed water and its conformity with local legislation (RD 

1620/2007), EU Directive (91/271/EEC) and with international guidelines. Assuming that 

it is difficult and expensive to monitor all quality parameters with high frequency, four 

groups were identified for water quality indicators according to their impact.  

1. Sanitary and health quality indicators- are water parameters with dangerous effects on 

human health, due to pathogens transmission, particularly when low-quality water is 

used to irrigate fresh vegetables. It has been shown from the comparative analysis  

between  reclaimed water and local water together with limit values of RD 1620/2007 

that there is no microbiological contamination in both water sources.  

2. Management quality indicators- are water parameters causing negative effect in 

irrigation systems, specifically clogging, resulting in a low distribution uniformity. 

The selected key indicators were suspended solids (SS), electrical conductivity (ECw) 

and pH. Reclaimed water had these parameters above the limit values several times. 

High ECw  indicates that water contains great amount of water-soluble salts. Salinity 

can affect crop water availability, if concentration of salts accumulated in the crop root 

zone is high enough to provoke osmotic and toxic stress that reduce biomass 

photosynthesis and biomass, and hence determining loss in yield. (Romero-Aranda et 

al., 2001) 

3. Agronomic quality indicators- are parameters causing toxicity effects on crops or 

degradation on soil fertility in the short or long period. They can be evaluated by ECw 

and  sodium adsorption ratio (SAR), which may cause impact on infiltration rate of 



 

 

79 

water into the soil. No evidence was found about the effect of reclaimed water to the 

soil fertility. Another quality indicator of this group is a specific ion toxicity. Chloride 

was mostly above the limit values for quality of reused wastewater, although samples 

of local water also contained concentration of chloride out of the range. The limitation 

is very strict, because mango and avocado trees are referred to sensitive crops. 

4. Miscellaneous impact indicators are related to a specific toxicity of water 

contaminants, that can cause diverse impacts in high concentrations. Copper is the only 

heavy metal, that  was constantly out of the range of 0,2 mg/L. Leaching of copper to 

the groundwater and water basins may be toxic for aquatic organisms but its toxicity 

for humans is relatively low. Nevertheless, there is a need for extra control and 

treatment.  

The reclaimed water had a high concentration of macro- and micronutrients for plants, 

which were mostly above the proposed threshold values. However, there is a conflict of 

interests. The MBR treatment plant is focused on preserving essential nutrient content in 

the effluent. Reclaimed water was applied for the elaboration of fertigation solution. This 

method can be a win-win solution for farmers, because it reduces significantly the need 

of standard fertilizers and associated costs. But it is necessary to estimate correct content 

of fertigation solution, because it may vary depending on type of crop.  

In a closer look, the effective and safe water reuse in agriculture is not an easy task. It 

requires a collective work of professionals with various backgrounds, such as agricultural 

engineers, plant physiologists, environmental engineers and other ones to design a 

sustainable system with low impacts to the environment and human health. When writing 

the thesis, several issues were mentioned briefly, which could be investigated as 

independent topics. The effect of climate conditions to the treatment efficiency of the 

MBR is still not known very well, while by identifying a correlation between different 

groups of water quality parameters and ambient climate conditions, the operational 

process can be modified to achieve better results. The presence of CECs in treated 

wastewater is another topic to research. It is proposed that micropollutants can affect 

environment and human health via reuse of water in irrigation, but there is still a gap in 

knowledge to fill. The last issue is lack of legislation at the European level, that could be 

focused on the quality of reused water for agricultural irrigation.  
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9 SUMMARY  

The problem of water scarcity has a global recognition, due to its severe impacts on the 

environment, human activities and health. Nowadays, growing water demand triggers the 

lack of available water resources, resulting in need for modernization of water 

management strategies. One of the most promising solutions is the water reuse in the field 

of agriculture. Irrigation with treated wastewater could mitigate water shortage, support 

agriculture sector and protect groundwater sources. Treatment of municipal wastewater 

with a membrane bioreactor (MBR) is recognized as a suitable option for production of 

reclaimed water (RW) with high quality.  

The thesis was conducted under the patronage of the Institute for Mediterranean and 

Subtropical Horticulture "La Mayora" in Malaga, Spain. It is part of the research project 

RichWater, that is focused on introduction of the MBR treatment method for municipal 

wastewater reuse in the agricultural irrigation. The main aims of the work are: to 

determine the composition of treated wastewater (RW) and to evaluate its suitability for 

irrigation by identifying potential risks on crops, local environment and human health.  

Overall, the pilot MBR showed good treatment efficiency of municipal wastewater. The 

goal to preserving essential nutrient content in the reclaimed water (RW) had resulted to 

a higher level of their presence in the effluent opposite to recommendations of the 

international guidelines. The nutrients are reused as fertilizers during the irrigation. 

Reclaimed water does not have microbiological contamination for its water type 2.3 (RD 

1620/2007). Both fresh (LW) and reclaimed water types for irrigation contained high 

concentration of magnesium, due to the magnesium-rich rock types in Algarrobo area. 

But magnesium should not cause severe direct impacts on environment and human health. 

Chloride content in LW and RW was mostly out of the range recommended by the WHO 

Guidelines, thereby there is a potential toxicity for growth of mango and avocado trees. 

Copper is the only heavy metal, that was constantly out of the limit range. Leaching of 

copper to the groundwater and water basins may be toxic for aquatic organisms, although 

its toxicity for humans is relatively low. According to a statistical assessment, the 

performance of the MBR plant might depend on changes in ambient temperature and in 

precipitation rates. Further investigation could confirm these correlations or identify new 

rules, based on more extensive data.   
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Arévalo J., Ruiz L.M., Parada-Albarracín J.A., González-Pérez D.M., Pérez J., Moreno 
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APPENDIX 1 

Water quality parameters and their limit values based on the reviewed 

legislations and guidelines 

Table A1.1 Water quality for irrigation (Author, 2018) 

Parameters Units 
Quality type 

2.3* 
Legislation 

I) Biological  

Intestinal Nematodes IN egg/ 10 L 1 RD 1620* 

Escherichia Coli 
E. Coli 

CFU/100 

mL 
10000 RD 1620 

Legionella spp Leg. 

Spp 
CFU/L 100 RD 1620 

II) Physicochemical 

Electrical 

Conductivity 
ECw dS/m 3 

RD 1620, WHO,  

FAO 29 

pH pH pH 6-8,5 WHO, FAO 29 

Suspended solids  SS mg/L 35 RD 1620 

III) Organic matter 

Biochemical oxygen 

demand 
BOD5 mg/L 25 EU 91/271/EEC  

Chemical oxygen 

demand 
COD mg/L 125 EU 91/271/EEC  

IV) Inorganic matter 

Calcium Ca mg/L 400,8 FAO 29* 

Magnesium Mg mg/L 60,8 FAO 29 

Sodium Na mg/L 920 FAO 29 

Chloride Cl mg/L 106,38 WHO* 

Sulphate  SO4 mg/L 960   

Sodium Adsorption 

Ratio 
SAR meq/L 15 FAO 29 

Sodium Adsorption 

Ratio 
SAR meq/L 6 RD 1620 

V) Nutrient content 

Potassium  K mg/L 2 FAO 29 

Total Nitrogen N- tot mg/L 30 WHO 

Total Nitrogen N- tot mg/L 15 EU 91/271/EEC* 

Total Phosphate P- tot mg/L 2 EU 91/271/EEC  
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Table A1.2 Water quality for irrigation: trace elements and heavy metals (Author, 2018) 

Parameters Units 
Quality type 

2.3* 
Legislation 

VI) Trace Elements 

Boron B mg/L 0,5 RD 1620* 

Boron B mg/L 3 WHO* 

Arsenic As mg/L 0,1 RD 1620 

VII) Heavy Metals 

Iron Fe mg/L 5 WHO, FAO 29* 

Manganese Mn mg/L 0,2 RD 1620, WHO, FAO 29 

Lead Pb mg/L 5 WHO, FAO 29 

Chromium Cr mg/L 0,1 RD 1620, WHO, FAO 29 

Nickel Ni mg/L 0,2 RD 1620, WHO, FAO 29 

Cadmium Cd mg/L 0,01 RD 1620, WHO, FAO 29 

Zinc Zn mg/L 2 WHO, FAO 29 

Copper Cu mg/L 0,2 RD 1620, WHO, FAO 29 

Molybdenum Mo mg/L 0,01 RD 1620, WHO, FAO 29 

* 

RD 1620  Royal Decree 1620/2007: Spanish legislation about reuse of treated 

wastewater, Annex II    

FAO 29  FAO irrigation and drainage paper 29 (1095): Guidelines focused on 

water quality for agricultural irrigation 

WHO  WHO Guidelines for the safe use of wastewater, excreta and 

greywater: wastewater use in agriculture, Annex I (2006, volume 2) 

EU 91/271/EEC Directive: The Urban Wastewater Treatment Directive, Annex I 
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APPENDIX 2 

Calculation sheet  

Table A2.1 Conversion of units from meq/L to mg/L for threshold values (Author, 2018) 

 

Inorganic matter 

  

Factor* Limit values (meq/L) Limit values (mg/L) 

Calcium (Ca2+) 20,04 20 20 x 20,04 = 400,8 

Magnesium (Mg2+) 12,16 5 5 x 12,16 = 60,8 

Sodium (Na+) 23 40 40 x 23 = 920 

Chloride (Cl-) 3 35,46 35,46 x 3 = 106,38 

Sulphate (SO4
2-) 48,03 20 20 x 48,03 = 960,6 

* Source (Baena, 2008b) 

 

Table A2.2 Calculation of sodium adsorption ratio (SAR) (Author, 2018) 

* Source (Baena, 2008b) 

** Data is taken from the week 1 (20/07/2017) 

Chemicals mg/L ->  meq/L Calculation of SAR* (meq/L) 

Ca2+ m (mg/L)/ 20,04 
𝑆𝐴𝑅 =

𝑁𝑎+

√1
2 × (𝐶𝑎2+ + 𝑀𝑔2+)

 

Mg2+ m (mg/L)/ 12,16 

Na+ m (mg/L)/ 23 

Example** mg/L ->  meq/L SAR (meq/L) 

Ca2+ 114/20,04= 5,7 
𝑆𝐴𝑅 =  

28,35 𝑚𝑒𝑞/𝐿

√1
2 (5,7

𝑚𝑒𝑞
𝐿 + 8,47

𝑚𝑒𝑞
𝐿 )

= 10,65 

Mg2+ 103/12,16= 8,47 

Na+ 652/23= 28,35 
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