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1.Introduction 

1.1.Objective of the RWRMP 

The Reclaimed Water Risk Management Plan (RWRMP) is a strategic document 

designed to ensure the safe and sustainable use of reclaimed water in various 

applications and, in this way, guarantee a high level of protection of the environment, 

human and animal health, in addition to promoting the circular economy, supporting 

adaptation to climate change and contributing to the sustainable satisfaction of water 

demands, the achievement of environmental objectives and the protection of the Public 

Hydraulic Domain (DPH). 

Reclaimed water, from advanced wastewater treatment, represents a sustainable 

solution to meet the challenges of water scarcity, especially in the context of drought 

suffered in the Axarquia region. However, its reuse entails risks associated with the 

presence of certain pollutants, depending on the reclamation station and the sources of 

wastewater. 

This plan establishes a framework to identify, evaluate and mitigate the risks 

associated with the use of reclaimed water, from its production to its intended end use. 

In this case, the reclaimed water from our system will only be used for fertigation (and 

smart fertigation) of a mango and avocado crop on a plot of land provided by a local 

council (Algarrobo), where the Spanish P2Green pilot project has been established.  

 

1.2.Applicable legislation 

The RWRMP must consider current international, regional and/or local water 

regulations applicable to reuse systems: 

-Royal Decree 1085/2024, of October 22, approving the Regulation on water reuse and 

amending various royal decrees regulating water management. 

- Regulation (EU) 2020/741 of the European Parliament and of the Council of 25 May 

2020 on minimum requirements for water reuse. 

-Council Directive 91/271/CEE of 21 May 1991 on urban wastewater treatment.  

-Royal Legislative Decree 1/2001, of July 20, 2001, approving the revised text of the 

Water Law. 

-Royal Decree 1620/2007, of December 7, establishing the legal regime for the reuse 

of treated water (repealed by Royal Decree 1085/2024). 

-Guidelines to support the implementation of Regulation 2020/741 on minimum 

requirements for water reuse (2022/C 298/01). 

-Royal Decree 849/1986, of April 11, 1986, approving the Regulations on the Public 

Hydraulic Domain. 
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-Hydrological Plan of the Andalusian Mediterranean Basins (Cycle 2022-2027), 

approved by Royal Decree 689/2023, of July 18, approving the Hydrological Plans of 

the hydrographic demarcations of the Andalusian Mediterranean, Guadalete and 

Barbate and Tinto, Odiel and Piedras river basins. 

-Royal Decree 509/1996, of March 15, 1996, implementing Royal Decree-Law 11/1995, 

of December 28, 1995, establishing the rules applicable to the treatment of urban 

waste water. 

-Royal Decree 487/2022, of June 21, establishing the sanitary requirements for the 

prevention and control of legionellosis. 

 

2.Preparation and review procedure 

2.1.RWRMP elaboration procedure 

The drafting of this document has been developed by Aguas y Saneamientos de la 

Axarquía S.A.U. (Axaragua), as a result of Regulation (EU) 2020/741 and being the 

operator of water treatment in the WWTP (Wastewater Treatment Plant) of Algarrobo, 

among others. 

Likewise, the guidelines set by ISO 20426:2018: “Guidelines for health risk assessment 

and management for non-potable water reuse”, ISO 31000:2018: “Risk management - 

Guidelines” and other technical documents have been followed: 

-Technical Guidance - Water Reuse Risk Management for Agricultural Irrigation 

Schemes in Europe. 

-ISO 16075-1:2020, Part 1 – Guidelines for treated wastewater use for irrigation 

projects. 

-Australian Guidelines for water recycling: managing health and environmental risks. 

 

2.2.Review and update of the RWRMP 

The RWRMP shall be reviewed periodically and updated if necessary, at least in the 

following cases: 

(a)The discharge permit authorization with which it is associated has been revised. 

b) There has been a substantial change in capacity. 

c) There has been a substantial modernization of the equipment. 

d) New equipment or processes have been incorporated that entail a change in the 

quality produced or in the risk management. 

e) There have been changes in climatic or other conditions that significantly affect the 

status of water bodies, human health, the environment and animal health, in 

accordance with the hydrological planning objectives. 
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In the event of a hazardous event not identified in the RWRMP, this should also be 

included, modifying the plan as necessary. 

In any case, the RWRMPs will be reviewed and updated at least every ten years in the 

review and update of the production and supply authorizations in accordance with 

Article 10 of Royal Decree 1085/2024. 

 

3.Description of the reuse system 

3.1.Sources of urban wastewater 

The Wastewater Treatment Plant (WWTP) of Algarrobo collects wastewater from 

Caleta de Velez, Algarrobo costa, Mezquitilla, Lagos, Trayamar and Algarrobo town. All 

are located in the municipality of Algarrobo, except Caleta de Velez, which belongs to 

the municipality of Velez-Malaga. The UTM coordinates of the WWTP are X: 406372, 

Y: 4068071; zone 30S. The water that reach this WWTP are urban wastewater, that is, 

of domestic origin. There is no record of large industries or hospitals whose water 

reaches the WWTP. 

It is located in the eastern part of the province of Malaga, in southern Spain, in the 

region of Axarquia. It is located on the left bank of the river Algarrobo, about 950 

meters from its mouth into the sea, as can be seen in the following figure: 

 

Figure 1. Geographical situation of Algarrobo WWTP. 

 

The wastewater from the coast arrives at different wastewater pumping station, located 

along the coastline, following the N-340 road. These stations are located in Lagos, 

Caleta de Velez, Algarrobo costa and Mezquitilla. From pumping chamber nº1, the 
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wastewater is pumped through impulsion pipes to pumping chamber nº2, located near 

the treatment plant. 

At pumping chamber nº2, the collectors from Algarrobo pueblo and Trayamar (to the 

north of the treatment plant), which do not need to be pumped as the wastewater 

arrives by gravity, join together. 

- Manhole nº1: Mezquitilla and Caleta collector. Attached to the submarine emissary 

chamber. 

It houses a pumping group consisting of 3 ABS twin pumps, model AFP 1543 of 20 HP 

each. From sump nº1, the water is pumped to sump nº2 through a helicoidal steel 

manifold.  This chamber has a by-pass to the submarine emissary chamber. 

- Manhole nº2: Algarrobo pueblo and Trayamar collector. This chamber is located in the 

Algarrobo riverbed, at the height of the treatment plant.  

The wastewater from the coast (driven from pumping chamber nº1) and from Algarrobo 

pueblo and Trayamar (arriving by gravity) finally reaches this chamber. 

It contains a pumping group formed by 3 ABS twin pumps, model AFP 2005 of 25 HP 

each one. It also has a by-pass to the submarine outfall chamber. 

 

Figure 2. Urban wastewater collection system at the Algarrobo WWTP. 

 

The sewage network is of a unitary type (except in Algarrobo Coast and new 

constructions), so the sewage network does not differentiate between rainwater and 

wastewater. This means that when it rains and/or the sewage treatment plant cannot 

handle the incoming flow, use is made of the spillways built for this purpose. 

The Algarrobo WWTP is built for a population of 23970 h-e. The station receives an 

average of 2400 m3/day of wastewater in high season (June-September) and 2100 

m3/day in low season.  
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The operating WWTPs have been designed for higher flow rates than those occurring 

in recent years, and the different stages of water treatment and purification are affected 

by this evolution, making it necessary for plant operators to modify certain operational 

parameters. 

The selected treatment system is the activated sludge, with a complete mixing reactor 

and turbine aerators on the surface. The main biological process takes place in the 

aeration tanks and consists of maintaining an aerobic culture in suspension inside the 

aeration tanks. This bacterial culture is dispersed, in the form of flocs, inside the 

aeration tank. A turbine system agitates and aerates the mixing liquid, homogenizing 

the mixture and supplying the system with the oxygen necessary for the bacteria to 

stabilize the organic matter. The agitation prevents sedimentation in the aeration tanks. 

The tank is continuously fed by fresh wastewater, which is mixed with the bacterial 

flocs. 

The main biochemical processes that take place as a result of bacterial activity are 

described below: 

 

3.2.Wastewater Treatment Plant (WWTP) of Algarrobo 

3.2.1.Water line 

PRETREATMENT 

Urban wastewater is pumped from the shoreline to the southeast corner of the 

Algarrobo WWTP. It is then pumped to a pumping station that houses three pumps, 

each with staggered operation and variable frequency drives. From this pumping 

station, it reaches the pretreatment inlet in the northern part of the WWTP. 

Sewage passes through the screening grids, which objective is the removal of large 

solids that may affect the work of the plant, preventing the correct operation of pumps, 

valves, weirs and piping in general. 

 

ROUGHING SCREENS 

The purpose of these grids is to prevent large solids such as rags, plastics, cans or 

other elements from entering the treatment plant, causing damage to the process. 

For the correct functioning of the roughing operation, two parallel channels of identical 

dimensions are provided. These channels are designed to avoid sedimentation and 

accumulation of sand and other heavy materials. 

-Channel 1: there are two automatic screens: a coarse screen and a second fine 

roughing screen. They have a start and stop system by means of a timer. 

-Channel 2: has two identical screens, but manually operated, used when maintenance 

or repair work is carried out on channel 1. 

Both troughs are equipped with gates at the entrances to allow independent operation. 
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The automatic screens in channel 1 are equipped with an electric motor-driven 

cleaning comb. The solids dragged by this comb are deposited in a perforated tray with 

drainage holes at the top of the grate. There is a conveyor belt that deposits the waste 

in a separate container from the roughing channel. 

 Image 1. Solids roughing grids (Algarrobo WWTP). 

 

SAND TRAP/DEGREASER CHANNEL 

Its purpose is to remove sands, gravels, ashes and any other heavy material with a 

specific weight higher than that of the organic solids that travel in the wastewater. 

These elements can cause significant abrasion damage to pumps and mobile 

mechanical equipment in general.  

This process causes the sands to settle and the grease to float. The sands pass 

through a sand classifier-cleaner and the grease is collected. As can be seen in Image 

2, these are the channels where the process takes place, depositing the waste (grease 

and sand) in separate containers that are collected periodically. In addition, a blower 

pump is used to accelerate grease flotation. 

 

Image 2. Desander/degreaser channel (Algarrobo WWTP). 
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PARHSALL FLUME 

This is a prefabricated channel containing a flow meter equipped with a measurement 

sensor. The data is recorded on a “Hach”, which measures instantaneous flow, total 

volume, air temperature and electrical conductivity. 

 

Images 3 and 4. “Hach” diisplay unit and sensor in the Parshall channel. 

 

PRIMARY TREATMENT (PRIMARY SETTLING) 

The simplest way to remove particulate matter and sediment from the water flow is to 

reduce the flow velocity, allowing the heavier particles to settle to the bottom and 

reducing the suspended solids content of the water. 

This takes place in two circular primary settling tanks with central feed, the purpose of 

which is that the wastewater is kept for a certain time in relative rest, giving rise to 

settling (fall of solids due to the effect of gravity). Under these conditions, solids with a 

higher specific gravity than the liquid tend to settle, while those with a lower specific 

gravity tend to float. Thus, the solids that settle easily are removed (primary sludge), 

which are collected with a system of scrapers in the central well. In addition, there is a 

system for collecting flotsam. In this way, the water content of suspended solids is 

reduced. 

The fresh sludge produced in the primary settling tanks is conveyed to a sludge pit 

shared by the two settling tanks, where the pumping equipment is located. Sludge 

production is estimated at 20.5 m3 of fresh sludge/day.  

Sludge production in primary settling tanks is much higher than in secondary settling 

tanks (they constitute most of the sludge to be treated in the sludge line). 

The sludge pumps work in parallel. Pumping to the sludge line is controlled and 

regulated by an hour meter that totals the operating time of the pumping equipment. 
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Image 5. Primary settling tank (Algarrobo WWTP). 

 

BIOLOGICAL TREATMENT (AERATION TANKS) 

The aeration tanks are the differentiating element of the activated sludge process 

compared to other treatment systems. They are located between the primary settling 

tanks and the secondary clarifiers. 

There are two twin tanks of 540 m3 each with mechanical surface aerators. Each tank 

has two surface aerators, four in total. The aerators consist of a rotor coupled to a 

motor. The motor + rotor assembly is mounted on a fixed bridge, which is supported by 

pillars at the bottom of the tank. The rotors agitate the water vigorously and introduce 

air into the liquid mixture, giving oxygen to the bacterial culture. 

The aeration tanks maintain an aerobic bacterial culture in suspension. Every week the 

amount of total suspended solids (TSS) is measured in order to adjust the operational 

parameters and maintain balance (as well as other internal control parameters). 

In this process it is important to control the amount of oxygen in the tanks; that’s why 

we have two oxygen meters, one in each reactor. The goal is to keep them at 1 ppm, to 

ensure that the bacteria have oxygen, but there are factors that reduce the oxygen 

content, such as high temperatures. 

 

Image 6. Biological tank in operation with surface aireation (WWTP Algarrobo). 
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SECONDARY TREATMENT (SECONDARY CLARIFIERS) 

After a certain period of time (detention time), the mixture of the new cells with the old 

ones is led to the secondary settling tanks, where the organic matter (which is found 

forming bacterial flocs) precipitates in the form of sludge (secondary sludge). 

The objective of this process is twofold: 

1)To separate the sludge solids, which are flocculated, from the mixing liquid. The 

water that remains above is called supernatant or clarified water, and its turbidity will 

guide us as to the quality of the treated water. 

2) To thicken the return sludge, to maintain the bacterial culture of biological reactors. 

The clarified wastewater forms the effluent. Part of this sludge is recirculated to the 

aeration tanks to maintain the desired concentration of microorganisms in the reactor. 

The remainder is conveyed to the sludge treatment (excess sludge). 

There are twin circular secondary sedimentation tanks, with central feeding and sludge 

extraction by means of radial suction tubes that suck the sludge directly from the tank 

at each turn. The suction tubes are mounted on a translation bridge that moves by 

resting on the side walls of the tank. This bridge houses the sludge extraction system, 

which consists of a scraper and a set of suction tubes for sludge pumping. 

After secondary settling, Bioazul takes the effluent for tertiary treatment. 

 

Image 7. Secondary settling tank (Algarrobo WWTP). 

 

PHYSICO-CHEMICAL TREATMENT 

After the secondary clarifiers, the water can take three paths: go through the submarine 

outfall to the sea, be taken by Bioazul or go through this treatment, to improve the 

water quality, specially when the Algarrobo irrigation community, which have their own 

tertiary treatment, demands it. Also, is used when the treated water after secondary 

treatment is of poorer quality. 
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First, the effluent is rapidly agitated by adding a coagulant, in this case aluminum 

sulfate. The coagulant is a chemical product that allows suspended particles to clump 

together and form flocs, facilitating their removal.  

The fast and turbulent flow allows effective mixing of the aluminum sulfate. 

The flocs generated need a slow agitation process to form aggregates of sufficient 

weight and structure to be eliminated, by gravity. In addition, sodium hypochlorite is 

dosed to complete the disinfection of the effluent. 

Another way for effluent disinfection: there is a tank that functions as a radiation 

chamber and contains a set of ultraviolet light lamps. The objective of the disinfection 

treatment is to destroy microorganisms, bacteria and viruses that may cause disease. A 

great advantage of this process is that it does not generate secondary waste. 

 

 

Image 8. Physico-chemical treatment (Algarrobo WWTP). 

 

UV DISINFECTION 

UV radiation reaches the Earth's surface naturally, along with the rest of the spectrum 

of electromagnetic radiation emitted by the Sun. In the case of UV lamps, the 

disinfection effect is achieved through the concentration of radiation in a very small 

space and time. 

The UV lamp unit operates completely submerged in water. It consists of a set of 8 UV 

modules, each consisting of 6 lamps. Each lamp is protected with quartz sheaths and 

electronic ballast. The material in contact with water is made of AISI 316 stainless 

steel. The protection and control panel of the equipment has IP 54 protection. 

The effluent from the physicochemical treatment passes to the regeneration system of 

the Algarrobo Irrigation Community, which is responsible for the water regeneration 

system. 
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3.2.2.Sludge line 

This line receives the sludge generated during the treatment process; the primary 

sludge and the excess sludge from the secondary settling tanks. 

For sludge treatment there is a thickener with central traction followed by dewatering by 

means of a horizontal belt filter.  

THICKENER 

The objective of this process is to reduce the sludge volume, eliminating the aqueous 

fraction and concentrating the sludge by gravity. 

The thickener, built in reinforced concrete, reduces the moisture content of the sludge 

to between 90 and 95% (by gravity), which means 5-10% by weight of solids content. 

Under these conditions, the sludge is ready for the final dewatering treatment in the 

belt filter. 

 

BELT FILTER (SLUDGE DRYING) 

The belt filter reduces the moisture content of the cake to between 72 and 80% 

(dryness 20-28%) by weight of solids, which is sufficient to be able to handle the sludge 

comfortably and remove it. 

Reagents are used for the correct operation of the belt filters. An anhydrous 

polyelectrolyte is added to the sludge cake before it enters the belt filter. 

Polyelectrolyte is a powder product that must be dissolved in water before adding it to 

the sludge. 

The sludge cake is evacuated to a silo by means of a screw feeder. The processed 

sludge is periodically collected and transported to Granada, where it will be used for 

composting. The Algarrobo WWTP produces approximately 1088 tons of dehydrated 

sludge per year. 

 

3.3.3.Products used in the WWTP 

ALUMINUM SULFATE 8.2% 

Substance identification: 

Aluminium Sulphate (CAS: 10043-01-3; EC: 233-135-0), composed of salts from 

inorganic acids. Supplied as a liquid coagulant at 8.2% concentration, used in the 

physico-chemical treatment stage of the wastewater treatment plant to promote 

coagulation and flocculation. 

Main hazards: 

Classified under Regualation (EC) No. 1272/2008 (CLP): 

 -Eye Dam. 1 (H318): causes serious eye damage. 

 -Met. Corr. 1 (H290): may be corrosive to metals. 
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The product is not flammable, not toxic by inhalation or ingestion, and not hazardous to 

the environment under normal use. 

Environmental aspects: 

-The product is not persistent, bioaccumulative or toxic (non-PBT/vPvB) and not 

classified as environmentally hazardous. 

-Aluminium is naturally abundant in the environment. 

-Effluents containing aluminium sulphate should be neutralized before discharge to 

meet local aluminium concentration limits. 

Emergency and accidental release measures: 

-Contain and absorb spills with inert material (e.g., sand). 

-Avoid discharge to surface water or drains. 

-Use appropriate PPE when cleaning spills. 

 

Aluminium sulphate is an essential coagulant in the tertiary and physico-chemical 

treatment of wastewater, improving removal of suspended solids and colloids prior to 

water reuse. Proper handling, dosing, and containment minimize risks of operator 

exposure to prevent environmental contamination. 

 

SODIUM HYPOCHLORITE (10-20% Cl) 

Substance identification: 

Sodium hypochlorite solution, 10-20% active chlorine (CAS: 7681-52-9; EC: 231-668-

3). Used as a biocidal agent for disinfection in wastewater treatment, applied in the final 

stages before reuse or discharge. 

Classification (Regulation EC 1272/2008 – CLP): 

 -Skin Corr. 1 (H314): causes severe skin burns and eye damage. 

 -Aquatic Acute 1 (H400): very toxic to aquatic organisms. 

 -EUH031: contact with acids liberates toxic gas (chlorine). 

 -EUH206: do not mix with other cleaning products; may release dangerous 

gases. 

Main hazards: 

Corrosive to skin, eyes, and metals; highly toxic to aquatic life. Reacts violently with 

acids, ammonia, or reducing agents, releasing toxic chlorine gas. 

Environmental considerations: 

-Prevent any release to surface water or soil. 
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-Toxic to aquatic organisms even at low concentrations. 

-The product is not PBT or vPvB. 

-Neutralize residual chlorine before discharge to minimize ecological risk. 

 

Sodium hypochlorite is a key disinfectant in wastewater treatment and water reuse 

processes. It ensures microbial safety of reclaimed water but requires strict control to 

prevent operator exposure, accidental achlorine gas release, and environmental impact 

from residual chlorine.  

 

ANHYDROUS POLYELECTROLYTE 

Substance irdentification: 

CHEMIFLOC AH 3300 is a solid, white powder, with pH ≈ 7.3 (1% solution), used as a 

water treatment additive (flocculant/coagulant aid). It’s non-flammable, non-explosive, 

and chemically stable under normal storage and handling conditions. 

Classification (Regulation EC No. 1272/2008 – CLP): 

The product is not classified as hazardous. 

It contains no substances considered toxic, PBT, vPvB, or endocrine disruptors. 

Environmental information: 

-The product is classified as slightly hazardous to water (WGK 1). 

-Not persistent, bioaccumulative, or toxic. 

-Avoid uncontrolled release into the environment or drains. 

 

3.2.4. Planned facility improvements 

A total remodeling of the existing Algarrobo WWTP is expected in the next few years. It 

is an old WWTP, which has an approved preliminary project to modify and modernize 

the wastewater treatment plant: 

➢ Pretreatment: roughing, desanding and degreasing. Same process, but the 

machinery will be smaller and more efficient. 

➢ Primary decantation: the primary decanters will be eliminated from the plant. 

➢ Biological treatment by prolonged aeration in oxidation channels. The reactor 

will be of the carousel type.  
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Figure 3. Diagram of a carousel-type biological reactor. 

The treatment system will not be the current conventional activated sludge system, 

which is much more sensitive to fluctuations in pollutant load. Treatment by prolonged 

aeration generates more stabilized sludge and better overall treatment results.  

➢ Secondary clarifiers (primaries will be eliminated). 

➢ Sludge line: recirculation, thickening and drying (centrifuge). 

➢ Odor treatment. 

➢ Tertiary treatment by UV disinfection and reclaimed water storage tank. 
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3.2.5.Plant flow diagram 
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3.3.Water reclamation plant 

The regeneration plant consists of a tertiary system that receives water from the 

secondary treatment outlet of the WWTP (secondary clarifier outlet), identified in the 

flow chart (p. 23) as “entrada de agua bruta”. 

This is a hut installed inside the WWTP, where the necessary equipment is housed, as 

can be seen in the attached photo (Images 9 and 10). This system generates 10 

m3/day of reclaimed water. 

The system is completely contained in a small housing, which facilitates its transport, 

installation and operation. Its practicality makes it a viable solution to mitigate the 

effects of drought, since it can be installed in areas where a previous WWTP already 

exists, thus allowing the use of treated water from the secondary process. 

 

Images 9 and 10. Equipment container (tertiary treatment and disinfection). 

 

3.3.1.Description of the regeneration process 

This tertiary treatment system includes ring filter filtration and disinfection by ozone and 

hydrogen peroxide dosing (formerly sodium hypochlorite). 

 

RING FILTER 

Before the water enters the ring filter, hydrogen peroxide is injected to prevent the 

accumulation of filamentous matter.  

It is an AZUD HELIX AUTOMATIC Ø2” self-cleaning disc filtration unit with AZUD 

MG/WS discs with pore size of 100 µm. It includes three-way membrane backwash 

valves that allow low pressure cleaning of each filter using a mixture of filtered water 

and compressed air stored in an auxiliary tank. 



20 
 

Image 11. Ring filtration equipment. 

 

OZONE DISINFECTION 

Ozone destroys bacteria, viruses and germs in general that may be present in water by 

oxidation.  

Ozone is produced when oxygen molecules (O2) are dissociated by an energy source 

from oxygen atoms and then collide with an oxygen molecule to give the unstable gas 

ozone (O3). Because of this instability, ozone must be generated at the place of use. Its 

decomposition under normal conditions is very fast. 

The MDPA-60A Ozone Generator with PLC is used for air treatment by means of the 

connection spigot on the top of the machine. This portable machine (Figure 4) consists 

of the ozone generator, an oxygen concentrator, an ozone-in-water integration system 

and the control panel containing the PLC. 

 

 

 

 

 

 

 

Figure 4. Elements of the control panel housing the ozone generator. 

 

DISINFECTANT DOSAJE 

There is an injection of hydrogen peroxide (previously sodium hypochlorite was used) 

prior to the passage through the ring filter, to prevent the possible accumulation of 

filamentous matter from the secondary outlet, while the second injection is given 
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afterwards, with the objective of disinfecting before the water is sent to the tanks for 

analysis and storage. 

 

3.3.2.Maintenance work 

Hydrogen peroxide injection is carried out by means of dosing pumps that are fed from 

tanks where the reagent is stored. This system is programmed to operate for five hours 

a day, from 8:30 a.m. to 1:30 p.m., Monday through Friday. Periodic checks are 

required to ensure that the peroxide storage tanks are at a sufficient level to supply the 

system. 

The pump that delivers water from the tertiary system to the plot has a larger filter 

designed to retain coarse debris, which requires regular cleaning to prevent clogging. 

The disinfection system and the water collection system work simultaneously and their 

schedules can be freely programmed to activate and deactivate automatically. 

In the event of clogging problems in the tertiary system due to poor filtration in the 

WWTP, the ring filters need to be cleaned. 

The use and treatment of reclaimed water is subject to regulations in force at the 

European Union level, which serve as a reference for the transposition of specific laws 

in each member country. In the context of irrigation, Regulation 2020/741 applies at 

European level, which establishes the minimum requirements for the use of reclaimed 

water, and in Spain, Royal Decree 1085/2024, which regulates the legal regime for the 

reuse of treated water. 

 

3.3.3.Reclaimed water storage system 

Once the effluent is treated, it is channeled to a measurement tank, where continuous 

monitoring of various physicochemical parameters is carried out using probes that are 

connected to a Hach data-logger, model SC-1000 (Image 12). The connected probes 

measure turbidity, temperature, pH, electrical conductivity and the levels of ammonium, 

potassium, nitrate and chloride. 

Image 12. Data-logger “Hach”. 
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This tank is where the compliance point of the reclaimed water of our reuse system is 

located, at the UTM coordinates zone 30S, X: 406360.78, Y: 4067984.83. This means 

that it is at this point that the reclaimed water must meet the quality requirements for its 

intended use. For this purpose, the subcontracted laboratory Tecnolab, takes samples 

from the regenerated water tank at the frequency established by UE Regulation 

2020/741. 

Tecnolab is accredited by ENAC, with accreditation no. 955/LE1786, since 2011, and 

also holds ISO 9001:2015 certification, relating to the sampling and physical chemical 

and microbiological analysis in the agricultural, food and environmental sectors. 

The metering reservoir is a transit site that is higher than the drums and is kept 

permanently filled with water with submerged probes. When the new water arrives, it is 

metered and by gravity channeled to two drums designated for irrigation use. Current 

regulations require that there be no cross-contamination by mixing different types of 

water in the pipes. To avoid this, separate piping systems are used for reclaimed water 

and conventional well water. 

 

 

 

 

 

 

 

 

Image 13. Storage drums for reclaimed and well 

water. 

 

3.3.4.Products used in tertiary treatment 

HYDROGEN PEROXIDE 

Substance identification: 

Hydrogen peroxide (CAS: 7722-84-1; EC: 231-765-0). Used as a strong 

oxidizer/disinfectant (dosed by dosing pump). 

Classification (Regulation EC No 1272/2008 – CLP): for 35% w/w (30-40%) 

-Ox. Liq. 1 (H271): may cause or intensify fire and cause other materials to burn much 

more intensely. 

-Acute Tox. 4 (H302, H332): harmful if swallowed or inhaled; may cause 

gastrointestinal and/or respiratory irritation (nausea, vomiting, coughing). Seek medical 

attention after exposure. 
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-Skin Corr. 1A (H314): causes severe skin burns and can cause tissue destruction. 

-Eye Dam. 1 (H318): cause serious eye damage, with risk of vision loss if not rinsed 

immediately and treated urgently. 

-STOT SE 3 (H335): may cause respiratory irritation (coughing, stinging, burning 

sensation, breathing discomfort), especially during transfer operations or spills. 

-Aquatic Chronic 3 (H412): harmful to aquatic life with long-lasting effects; release into 

sewers or waterways should be avoided. 

Environmental considerations: 

-Prevent any release to surface water, groundwater, or soil. 

-Keep away from combustible materials (oxidizing hazard). 

-The product is not considered PBT/vPvB and is not expected to be persistent, as it 

decomposes into water and oxygen. 

 

Hydrogen peroxide (H2O2) is a widely used reagent in wastewater treatment and water 

reuse due to its oxidizing and disinfecting properties and because, under proper 

control, it tends to break down into water and oxygen without generating halogenated 

by-products. For safe and effective use, it is crucial to adjust the dosage and contact 

time to the treatment objective, avoid contamination and incompatible mixtures, work 

with closed-loop transfer/dosing equipment, and wear appropriate personal protective 

equipment (PPE) due to the risk of splashing. 

 

3.3.5.Flow chart 

 

 

3.4.Spanish pilot’s plot 

According to the experimental design and an agronomic study, 60 avocado trees (Hass 

variety) and 60 mango trees (Osteen variety) were planted in an area of 850 m2 in a 

plot located near the Algarrobo WWTP, a few meters away. 



24 
 

These 60 trees of each type were distributed in rows of 20 (obtaining three rows of 20 

avocado trees and three rows of 20 mango trees) and different fertigation treatments 

were applied, as shown below: 

 

Figure 5. Diagram of fertigation treatments applied to mangoes and avocados. 

 

Fertigation treatments are as follows: 

Fertigation 
treatment 

Irrigation 
water 

Fertilization Target 

T1 Local (well) Yes Common practice in the area 

T2 Reclaimed No 
Effect of reclaimed water on crops 
and the extent to which crop needs 
are met without the use of fertilizers 

T3 Reclaimed Yes* 

To develop a digital tool that initially 
provides information on the levels of 
the main nutrients and elements in 

the soil that most affect plant growth 
and in a second phase to control the 
dosage of fertilizers or water mixture 

automatically. 

 *Smart development tool. 

 

For this purpose, the iTelemeter V3 equipment will allow the connection of sensors and 

transducers that provide information on multiple parameters and can also manage 

irrigation and fertilization automatically, based on the actual levels at the plant roots. 

iTelemeter is an IoT (Internet of Things) solution that continuously analyzes up to 24 

parameters per iTelemeter device and acts based on algorithms that are programmed 

and at the same time puts all the information on servers for visualization and storage. 
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In relation to irrigation management, it analyzes the measurement variables by means 

of digital tensiometers at different depths (20 cm, 60 cm and 90 cm) and with automatic 

operation executes the irrigation processes in a very precise way, according to the real 

needs of the trees. These very precise irrigation episodes make it possible to control 

water depth, water percolation, control nutrient dispersion and make irrigation very 

efficient. 

For example, if the sensor detects high electrical conductivity, which is detrimental to 

crops, iTelemeter will make the decision to lower it as much as possible by mixing it 

with well water or another available source with lower electrical conductivity. The same 

would be true for nutrients. 

 

3.5.Algarrobo urban wastewater characterization 

The correct management and treatment of urban wastewater is essential to ensure the 

protection of the environment and public health. In this context, the Algarrobo 

Wastewater Treatment Plant (WWTP) plays a crucial role in treating the wastewater 

generated by the population of this town and its surroundings. The characterization of 

the wastewater entering the plant is a fundamental stage in the purification process, as 

it provides detailed information on the quality and composition of the water, which 

makes it possible to optimize the treatment processes and ensure compliance with 

current environmental regulations. 

The Algarrobo WWTP, designed to serve a population of approximately 24,000 

equivalent inhabitants, is equipped with a pretreatment system, primary decanters, 

biological reactors, secondary clarifiers and physicochemical treatment. Each of these 

stages is designed to remove or reduce the different pollutants present in the 

wastewater, such as organic matter, nutrients and suspended solids. However, the 

efficiency of each process is highly dependent on the characteristics of the influent, 

which underscores the importance of accurate and continuous characterization. 

The Active Sludge treatment process was discovered by Arden and Lockett in 1914 

and has evolved and expanded widely, becoming the most widely used treatment 

method. This system tries to reproduce the purifying properties of a river in a plant.  

The objective of this treatment is to stabilize the pollutant load by means of a 

suspended bacterial culture, in charge of eliminating the organic matter present in the 

influent up to optimum levels. This is achieved in biological reactors, where biological 

oxidation takes place and the polluting matter is transformed into biomass. For this 

reason, clarifiers are subsequently needed to physically separate this active biomass 

from the treated wastewater. 
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3.5.1.Raw urban wastewater 

The sampling point for raw urban wastewater is in the sand removal channel, after the 

roughing of the solids. Data from the last three years have been used for the 

characterization. 

Table 1. Parameters measured at the inlet of the Algarrobo WWTP. 

Parameter Unit 
Number of 
samples 

Average Range 
Standard 
deviation 

Flow m3/day 365 2400 1259-8685 680 

pH Unit pH 99 7,9 6,3-8,1 0,33 

TSS mg/L 99 246 41-768 1367 

BOD mg O2/L 99 350,6 32-789 129,86 

COD mg O2/L 99 658 63-1787 139,18 

Electrical 
conductivity 

(EC) 
µs/cm 271 2500 590-10770 290,25 

 

➢ VOLUME 

The average inflow to the Algarrobo WWTP is 847000 m3/year, with an average of 

2400 m3/day entering the plant. This average applies to the summer months, while in 

winter (low season) the average flow is around 2100 m3/day. However, the month with 

the highest water volume is March. There are several reasons for this: 

-Precipitation and runoff water. 

-Tourism (Easter week). 

-Agriculture: the planting and irrigation season begins, increasing agricultural activity in 

the area.  

The sewage system is combined in Algarrobo town, so there is no distinction between 

wastewater and rainwater. The inflow to the treatment plant has been compared with 

the rainfall recorded at the La Mayora meteorological station (X: 36.7558333, Y: -

4.04388889, Alt: 40 m.a.s.l.) for the year 2023, the result being as shown: 

Graph 1. Relationship between wastewater inflow to the WWTP and rainfall in 2023. 
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The rains in the first months of the year produced a considerable increase in the inflow 

to the station. The opposite of what happened with the June rains, which would 

probably infiltrate into the ground. The heavy rainfall in November caused a response 

in the WWTP flow, but of lesser magnitude, as much of it would probably also infiltrate. 

 

Graph 2. Temporal evolution of the inflow to the Algarrobo WWTP. 

 

➢ ELECTRICAL CONDUCTIVITY 

It is related to the amount of chlorine (Cl-) and sodium (Na+) contained in the 

wastewater. In the Algarrobo WWTP there is an average of 2000 µs/cm in the low 

season. In the summer season, conductivity increases to an average of 3000 µs/cm, 

reaching maximums about 10000 µs/cm. 

The measurement is taken from the Parshall flume, located in the pretreatment, where 

it is measured continuosly and recorded manually. On a daily basis, conductivity has a 

wide range of variation. Early in the morning, values around 2000 µs/cm are found, 

reaching several peaks throughout the morning. These are associated with different 

reasons: 

-Cleaning of swimming pools in housing developments in the area (summer season). 

-Cleaning work with sea water. 

-In the port of Caleta de Velez, very high conductivities are recorded (any season), 

result of the cleanup work at the port. 

As mentioned, the electrical conductivity data available was collected manually, and 

only some are available in digital format. Readings were taken from the 2017-2019 

period, with a total of 233 samples of EC, with an average of 1732 µS/cm and a 

máximum of 4000 µS/cm. Graph 3 results from monitoring this parameter from 2024 

onwards, with the available data, about 200 samples. Of these simples, an average of 

2163 µS/cm was obtained. 
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Graph 3. Variation of the electrical conductivity of water from the Algarrobo WWTP. 

 

The origin of this high conductivity is the existence of salt water circulating through the 

sewage network that reaches the WWTP. Both the mean and median of this parameter 

are ~2500 µS/cm, a high salinity for using water for irrigation, with no process in the 

WWTP that directly eliminates it. 

If we compare the conductivity found in the five Axaragua stations, Algarrobo has the 

highest conductivity values, although this is a common problem in coastal treatment 

plants: 

 

 

 

 

 

Graph 4. 

Comparison of 

salinity in Axaragua 

treatment plants. 

 

It has been found that the conductivity of the Algarrobo sewage treatment plant varies 

daily, but a pattern is also found during the day:  
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Graph 5. Typical salinity behaviour during the morning. 

 

This is the resulting graph, in which it can be seen that salinity peaks tend to occur mid-

morning, although they tend to decrease as the day progresses. This coincides with 

peak activity periods at the fishing port, pool maintenance, etc. During the summer, an 

electrical conductivity sampling program is followed (it is neither protocolized nor 

written down) to locate manholes with excesive salinity, investigate possible causes 

and take action (which can range from notifying the competent authority to prosecuting 

the responsable person/s). 

 

➢ BIOLOGICAL OXYGEN DEMAND (BOD5) 

It is defined as the amount of oxygen consumed by bacteria during the degradation of 

organic compounds, so it only takes into account the biodegradable part. In this case, 

out of the 99 samples analysed, 44 of them exceed the average of 351 mg O2/L. 

Aquanova (2023) gives an indicative classification of BOD values in wastewater, 

resulting in: 

-Pure water = 0-20 mg O2/L. 

-Slightly polluted water: 20-100 mg O2/L. 

-Moderately polluted water: 100-500 mg O2/L. 

-Heavily polluted water: 500-3000 mg O2/L. 

-Extremely polluted water: >3000 mg O2/L. 

In the case of the Algarrobo treatment plant, 84% of the values correspond to 

moderately polluted water (between 100 and 500 mg O2/L), 13% to very polluted water 

and 3% to slightly polluted water. 

 

➢ CHEMICAL OXYGEN DEMAND (COD) 

COD is defined as the amount of oxygen required to chemically oxidise the organic 

matter present in a sample. COD values are higher than BOD5 values, as the biological 
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oxygen demand takes into account biodegradable materials, whereas COD also 

includes inorganic pollutants. 

In this case, for the year 2023, the following results: 

 

Graph 6. Estimation of the biodegradability of Algarrobo wastewater. 

 

The COD/BOD5 ratio is used to estimate the biodegradability of urban wastewater: 

values of 2.5-3.0 indicate the presence of cell metabolism inhibitors or non-

biodegradable substances. In the year 2023, the highest COD/BOD5 value was 2.4.  

In this case, the values are between 1.5 and 2.5 mg O2/L. Taking into account that the 

COD/BOD5 value for fully biodegradable organic matter is 1.14 and that COD/BOD5 

values for urban wastewater range between 2.0 and 2.5 (Henze, 1997), we are dealing 

with a medium-high biodegradable influent. 

The increase in the index is associated with wastewater inputs of lower 

biodegradability, such as industrial discharges. A lower biodegradability of the water 

implies a worse performance in the biological treatment and, therefore, a poorer quality 

of the effluent. 

 

➢ TOTAL SUSPENDED SOLIDS (TSS) 

Total Suspended Solids (TSS) is considered as the amount of waste retained in a glass 

fibre filter with a nominal pore size of 0.45 microns and refers to the particulate matter 

that is held in suspension in surface water and/or wastewater streams (CAN, 2005). 

In Table 2 the mean values for wastewater can be compared with those collected from 

different literature. 
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Table 2. TSS values of the Algarrobo WWTP compared to the values of Henze (1997). 

Parameter Unit 
Average 

Algarrobo 
WWTP 

Henze (1997) 

Very 
diluted 

Diluted Moderate Concentrated 

TSS mg/L 246 120 190 300 450 

BOD5 mg/L 351 100 150 250 350 

COD mg/L 658 210 320 530 740 

 

According to the classification of Henze (1997), the urban wastewater arriving at the 

Algarrobo treatment plant is concentrated in terms of BOD and COD, being more 

diluted in terms of suspended solids. 

The TSS values are fairly stable throughout the year, in contrast to the BOD and COD 

values, which reach their maximum in the month of June; the anual peaks levels for 

BOD and COD are reached during the summer months. 

This is due to the fact that, in summer, activity in the area increases considerably. This 

causes the Algarrobo WWTP to receive urban wastewater that is more loaded with 

pollutants compared to the water quality in the low season. When this happens, BOD5 

and COD values increase, as well as directly affecting the sludge line. 

 

3.5.2.Secondary treatment output 

Table 3. Parameters measured at the secondary treatment outlet. 

Parameter Unit 
Number 

of 
samples 

Average Range 
Standard 
deviation 

pH Unid. pH 100 7.9 6.9 – 8.4 0.2 

TSS mg/L 100 28.2 5 - 446 56 

BOD5 mg O2/L 100 19.8 10 – 98 17.5 

COD mg O2/L 100 90.4 37 – 283 73.3 

Total phosphorus mg/L 31 4.3 0.9-11.6 2.6 

Total nitrogen mg/L 31 37.7 2-98.9 20.9 

 

With regard to the values obtained, it can be seen that the standard deviation has 

decreased with respect to the values found in the influent. This indicates that the 

values are more homogenised. It should be noted that the COD is easier to 

standardise, although it does not reflect the self-purification capacity of the natural 

environment as well as the BOD. 

 

➢ ORGANIC MATTER REMOVAL RATES 

These yields determine the efficiency of the treatment process. In the Algarrobo 

WWTP, as in all of Axaragua's stations, the percentage of reduction present in the 

current regulations is complied with, as well as the percentage of concentration. Table 

4 shows the limits established in the regulations for urban wastewater treatment plants. 
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Table 4. Requirements for discharges from urban wastewater treatment plants (Annex 

I, Table I, Royal Decree 509/1996). 

Parameter Concentration 

Minimum 
percentage 
reduction 

(%) 

Reference measurement 
method 

Biochemical 
Oxygen Demand 
(BOD5 at 20ºC) 
without nitrification 

25 mg/l O2 70-90 Homogenised sample, without 
filtering or decanting. 
Determination of dissolved 
oxygen before and after five 
days of incubation at 20ºC ± 
1ºC, in complete darkness. 
Application of nitrification 
inhibitor. 

Chemical Oxygen 
Demand (COD) 

125 mg/l O2 75 Homogenised sample, neither 
filtered nor decanted. 
Potassium dichromate. 

Total suspended 
solids 

35 mg/l 90 Filtration of a representative 
sample through a 0.45 micron 
filtration membrane. Drying at 
105°C and weighing. 
Centrifugation of a 
representative sample (for at 
least five minutes at an average 
acceleration of 2800 to 3200.g), 
drying at 105°C and weighing. 

Total phosphorus* 2 mg/l 80 Molecular absorption 
spectrophotometry. 

Total nitrogen* 15 mg/l 70-80 Molecular absorption 
spectrophotometry. 

 

*These concentrations (total phosphorus and nitrogen) apply when treated water is 

discharged into a sensitive area (to avoid the risk of eutrophication) as stipulated in the 

same Royal Decree, which does not apply to our case. We are taking them as 

reference values. 

The BOD removal efficiency is 92.3% at the Algarrobo treatment plant, while the COD 

removal efficiency is 83.3%, both within the limits. 

As far as TSS is concerned, the mean of the samples is 31.15 mg/L, while the median 

is 19 mg/L. This coincides with the seasons of the year (periods of precipitation in the 

area). Clays, silts and other soil particles are washed away during heavy rains (typical 

for the climatic context) and increase the turbidity of the urban wastewater. 
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3.5.3.Nutrient analysis 

➢ COMPOUNDS IN THE INFLUENT 

Table 5. Compounds present in the raw urban wastewater from the Algarrobo WWTP. 

Compound Value Unit 
Limit value/Reference 

value 

Ammonium1 40 mg/L 1 

Total nitrogen3 43 mg/L 15 

Nitrates2 2.7 mg/L 50 

Nitrites2 0.9 mg/L 0.03 

Sulfates2 124 mg/L 250 

Total phosphorus3 5.6 mg/L 2 

Oils and fats2 36 mg/L 1 

 

1Regulated for drinking water in Royal Decree 3/2023, of 10 January, which establishes 

the technical-sanitary criteria for the quality of drinking water, its control and supply. 

2Regulated by Royal Decree 849/1986, of 11 April 1986, approving the Public Hydraulic 

Domain Regulations. Ammonium also appears in these regulations. 

3Regulated in Royal Decree 509/1996 of 15 March 1996, implementing Royal Decree-

Law 11/1995 of 28 December 1995, which establishes the rules applicable to the 

treatment of urban waste water. 

We only have data from several years ago, so they are only useful to estimate the 

values that are being managed and to be able to compare with the output, where there 

is sampling. 

 

• AMMONIUM 

Ammonium is a positively charged ion (NH4
+) that comes from the solution of ammonia 

(NH3), which reacts with the protons in water to form a weak acid. Whether ammonia or 

ammonium is present depends on the pH of the solution. 

In the case of the Algarrobo WWTP, the pH ranges between 7 and 8. At this pH we find 

the ionic form, ammonium and very little ammonia.  

Ammonium stands out as the main component of soluble nitrogen compounds, 

followed by nitrates and nitrites, which are found in low concentrations due to their high 

reactivity. It is contributed by human waste (urine) and is highly toxic to aquatic fauna. 

 

• TOTAL NITROGEN, NITRATES AND NITRITES 

In general, nitrogen is a parameter that is very limited by regulations, as it is 

responsible, together with phosphorus, for the eutrophication of water bodies. 

The total nitrogen (N) present in the wastewater is an essential part of biological 

processes as it acts as a nutrient in different forms (organic N, NH4
+, NO3

- and NO2
-) 
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and allows metabolic processes to take place. It is mostly found in the form of 

ammonium and organic nitrogen in proportions of 60 and 40% respectively, while the 

nitrite (NO2
-) and nitrate (NO3

-) forms account for less than 1% (EPA, 1993). 

Nitrogen comes mainly from urine and other human organic wastes, which contain urea 

and proteins. These compounds break down, releasing ammonium, which can then be 

transformed into nitrates and nitrites in the treatment process. In addition to this, there 

are numerous other inputs of nitrogen to wastewater, from products of agricultural 

activity to retention time in the sewage system. 

Organic nitrogen is rapidly converted to ammonia due to bacterial degradation in 

wastewater. In an oxygen environment, ammonia is converted to nitrite due to the 

action of bacteria. Finally, it is converted to nitrate, leading to complete mineralisation. 

Nitrogen removal takes place in the plant's reactors, where nitrification occurs firstly, 

oxidising ammoniacal nitrogen to nitrates, and secondly denitrification, where nitrates 

are reduced to nitrogen gas. Therefore, the biological reactors in the WWTP must be 

sized to be able to supply sufficient oxygen to the mixed liquid for proper nitrification-

denitrification to take place.  

For proper denitrification to occur, anaerobic conditions must be maintained in the 

reactor, which is sometimes not the case at the Algarrobo WWTP. This causes 

denitrification to occur in the secondary clarifiers, leading to episodes of rising sludge 

(the sludge rises in the settling tanks because the floc loses density as it occludes 

nitrogen gas bubbles from denitrification, causing it to sponge). An example of this can 

be seen in Image 14. 

Image 14. Rising sludge evento seen on V30. 

There is a wide variety of filamentous bacteria present in the activated sludge from the 

Algarrobo wastewater treatment plant. The following types are found: Nostocoida 

limicola III, Nocardioforms, Sphaerotilus natans, Haliscomenobacter hydrossis, 

Thiothrix I, Thiothrix II, N. limicola I, N. limicola II, Type 0411, Type 0961, Type 1863, 

Type 0211, Type 1701, Type 021N... 
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The occurrence of certain filamentous types is associated with various causes, for 

example: 

-S.natans, H. hydrossis, T1701, Nocardia spp. and T021N appear when there is low 

oxygen content in the reactor.  

-When there is low organic matter content in the reactor, many types of filamentous 

bacteria appear, such as T0961, Nocardia spp. and H. hydrossis. 

Septic (sulphide-enriched) waters contain filamentous T021N and Thiothrix spp. The 

latter appear when there is a nutrient deficiency or when there are food discharges. 

-Filamentous T0411 and T021N are associated with turbidity in clarifiers, probably from 

industrial discharges. 

The overgrowth of these filamentous bacteria in the secondary settling tanks (clarifiers) 

causes problems in the settling of the sludge (bulking), resulting in what is shown in the 

following picture: 

 

 

 

 

 

 

 

 

 

Image 15. Decanting problem seen in V30 due 

to excessive filamentous matter. 

 

On the other hand, protists constitute one of the most important populations of the 

communities of living organisms in the biological reactors of WWTPs. These micro-

organisms are essential for the functioning of the treatment system because they are 

involved in predation processes on bacterial populations by contributing to the 

maintenance of active growth stages and by removing bacteria, including pathogens, 

from the wastewater. 

More than 200 species of protozoa have been identified in wastewater (Curds, 1975), 

of which 33 are flagellates, 25 rhizopods, 6 actinopods and 160 ciliates, with a density 

of 10000 cells/mL (Madoni, 1984). They are the bioindicators par excellence as they 

contribute to the consumption of BOD and COD; furthermore, it is estimated that they 

are responsible for 50% of the reduction in the concentration of E. coli in wastewater. 
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At the first start-up of a biological reactor, small flagellate protists are found, unable to 

purify the raw wastewater. As time goes by, new protists appear, capable of digesting 

organic matter (amoeboid and alveolate protists appear). Under the right conditions, 

metazoans will appear, increasing the water's purification capacity. 

-Flagellate protists: Vorticella species, Opercularia, Epistylis... are common. 

-Amoeboid organisms: Mayorella sp., Euglypa sp., Arcella sp., ... 

-Alveolate protists: in this group are the suctors (Podophyra spp. for example), 

indicators of good wastewater purification. 

-Metazoans: rotifers, nematodes, annelids, tardigrades (the latter are only found in the 

Rincon de la Victoria wastewater treatment plant). 

 

• TOTAL PHOSPHORUS 

Phosphorus is mainly provided by soaps and detergents, which contain phosphate 

compounds, such as orthophosphates. These are the most common inorganic form of 

phosphorus in wastewater and are readily available to plants. 

Its removal in the plant occurs with alternating conditions of aerobiosis and 

anaerobiosis in the reactor, as well as the presence and absence of nitrates. 

It is equivalent to nitrogen in terms of eutrophication, being mainly responsible together 

with nitrogen. Since the Algarrobo WWTP does not discharge into any sensitive areas, 

phosphorus is not removed by any chemical means, only biologically. 

 

• OILS AND FATS 

They generate a negative impact on the effluent receiving mass. Their origin is mainly 

domestic, although they are also contributed by mechanics workshops, present in the 

area of the treatment plant. 
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➢ COMPOUNDS IN THE EFFLUENT 

Table 6. Compounds measured at the outlet of secondary treatment. 

 Parameter 
Number 

of 
samples 

Average Unit Range 
Standard 
deviation 

Maximum 
reference 

value 

M
a

jo
ri

ty
 e

le
m

e
n

ts
 

Total nitrogen 

 
 
 

24 
 
 

37.07 mg/L 2-98.9 21.72 15 

Ammonium 33.83 mg/L 0.3-75 20.86 1 

Nitrite 17.85 mg/L 
0.01-
159 

36.17 003 

Orthophosphates 12.97 mg/L 
3.29-
35.5 

7.72  

Oil and fats 8.08 mg/L 8-10 0.41 1 

Total phosphorus 4.42 mg/L 
1.59-
11.6 

2.45 2 

Nitrate 1.65 mg/L 0.5-6.2 1.78 50 

Anionic 
surfactants 

0.09 mg/L 
0.05-
0.19 

0.04 2 

H
e

a
v
y

 m
e

ta
ls

 

Zinc 

5 
 

14.9 µgr/L 7-28.3 8.01 6 

Copper 2.6 µgr/L 1-3.22 ≈0 0.5 

Chromium 1.1 µgr/L 
0.1-
1.65 

≈0 2 

Lead 0.19 µgr/L 
0.1-

0.298 
0.07 0.7 

Cadmium 0.02 µgr/L 
0.02-
0.029 

≈0 0.2 

Mercury 0.02 µgr/L  0 0.07 

M
in

o
ri

ty
 

e
le

m
e

n
ts

 PCBs* 

6 

0.1 µgr/L 
0.03-
0.2 

0.03 0.001 

Benzo pyrenes 0.03 µgr/L  0 Absence 

Lindane 0.03 µgr/L  0 Absence 

 

* A total of seven PCBs are measured: PCB 101, PCB 118, PCB 138, PCB 153, PCB 

180, PCB 28 and PCB 52. The concentration of these PCBs does not vary practically 

at all, and they are minority elements. The EPA (US EPA) establishes a maximum 

permissible value of 0.5 µgr/L in non-potable water samples. 

 

Among the major elements, the nutrients in excess (compared to the reference values) 

are nitrogen and total phosphorus. Given that the plant does not discharge into any 

sensitive areas, it is not necessary a priori to control the emission of these elements 

into the sea. From the point of view of the use of reclaimed water, these are the main 

nutrients that are supplied to the plants; if we look at the concentration in the local 

water, we can see the nutrient deficiencies in the plants compared to the effluent from a 

wastewater treatment plant (Table 7). There is another interesting point, increasing 

phosphorus concentration in reclaimed water compared to WWTP effluent. This means 

that, after the regeneration process, a higher phosphorus concentration is obtained. 

This may be caused by the release of the phosphorus retained by bacteria in the 
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biological treatment, which, when the environmental conditions change (especially if it 

is switched to an anaerobic condition), release the phosphorus that they had previously 

absorbed. This causes the phosphorus to return to higher concentrations. 

 

Table 7. Comparison of nutrients in different water sources. 

Source Total nitrogen (mg/L) 
Total phosphorus 

(mg/L) 

Algarrobo WWTP effluent 37.07 4.42 
Bioazul regeneration 

station 
31.54 5.9 

Local water (well) 12.92 0.16 

 

The opposite is true for the concentration of nitrates, which is clearly higher in the well 

water found in the area (43.49 mg/L), compared to 1.65 mg/L in the effluent from the 

treatment plant. This has several connotations, since the presence of nitrates can be 

beneficial if the concentration applied is controlled (acting as a fertiliser that already 

travels in the water), but it can become a serious problem when excess nitrates from 

irrigation water infiltrate the soil and can reach groundwater bodies used as a resource. 

 

Anionic surfactants are chemical compounds that must be sampled for the declaration 

of discharges, being present in detergents, soaps, shampoos and cleaning products in 

general. If not disposed of properly, they cause foaming in the effluent and are highly 

toxic to the environment. 

As for heavy metals, they are generally found in very low concentrations. Zinc and 

copper stand out above the rest of the metals, due to different causes, among them: 

their use is more widespread than that of metals such as cadmium or mercury, which 

are more regulated by the regulations (the sun cream we use can contain zinc); 

furthermore, they have a certain solubility in water and this allows them to remain in the 

aqueous phase and resist the elimination stages in the plant, as there is no specific 

treatment for heavy metals. The corrosion of pipes containing copper or zinc can 

release these metals into the water. 
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Graph 7. Time course of compounds in the treated effluent. 

 

It can be seen in Graph 7 that there are certain components of treated water that 

increase over time. This would be the case for nitrogen, ammonium and phosphorus 

(including orthophosphate). 

This is probably attributed to the increased use of products containing these 

compounds, from fertilisers to hygiene products, added to the acceleration of lifestyle. 

 

3.6. Analysis of reclaimed water 

Currently, the data we have to know the quality of the reclaimed water comes from the 

Bioazul reclamation station. The reclaimed water sampling point is located in the 

storage tank located a few meters from the reclamation station. 

The parameters measured are those established in Regulation 2020/741: 

Table 8. Parameters measured in reclaimed water. 

Parameter Unit 
Number 

of 
samples 

Average Range 
Standard 
deviation 

Limit of 
detection 

E. coli 
CFU/100 

mL 
97 90903.4 

0.1- 
430000* 

 
660914.4 0.1 

BOD5 mg O2/L 87 19.8 10-41 7.2 10 

COD mg O2/L 61 100.33 37-539 122.2 37 

TSS mg/L 88 20.8 5-100 13.2 5 

Legionella CFU/L 24 0    

Nematodes Egg/L 31 0   1 

 

*The E. coli values are attributed to the maintenance of the reclamation plant. The high 

concentrations analysed coincide with periods in which it has not been possible to carry 
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out the correct maintenance, resulting in high values. Normally, with proper 

maintenance, E. coli values remain below 1000 CFU/100 mL; the median os located at 

385 CFU/100 mL. High COD levels have also been observed, attributed to the same 

cause, with the median of this parameter at 100 mg O2/L. 

On the other hand, BOD values are quite stable, remaining below the maximum 

permissible level in almost all cases. This indicates that good degradation of 

biodegradable organic matter is occurring. Given the variability of COD, it is likely that 

there are non-biodegradable inorganic compounds that persist after treatment. 

 

Log reductions are commonly used in microbiology and chemistry to evaluate the 

efficiency of a process, such as the removal of microorganisms or contaminants. The 

log reduction (R) is calculated as: 

𝑅 =  𝑙𝑜𝑔10  
𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛, 𝐶𝑖

𝐹𝑖𝑛𝑎𝑙 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛, 𝐶𝑓
 

Where: 

-Initial concentration, Ci: amount of micro-organisms or contaminants before treatment. 

-Final concentration, Cf: quantity after treatment. 

For this purpose, the results obtained from reclaimed water were compared with the 

raw and treated wastewater to check the effectiveness of the treatments. The results 

can be seen in Table 9: 

 

Table 9. Logarithmic reductions within the regeneration system. 

Parameter Secondary treatment Regeneration 

TSS 0.9 0.18 

BOD5 1.21 0.04 

COD 0.84 -0.03 
 

As can be seen, most of the elimination of pollutants occurs in the wastewater 

treatment plant, with reductions of more than 1 unit. It is worth mentioning the case of 

the Chemical Oxygen Demand, which is reduced by almost one logarithmic unit inside 

the wastewater treatment plant, but increases in the reclamation station. This may be 

due to several factors: 

-In ozonisation processes, incomplete oxidation of organic matter can generate 

intermediate compounds (such as aldehydes or carboxylic acids), which increase the 

COD. 

-Release of organic material from filters: if not properly backwashed and overloaded, 

they can release previously accumulated organic matter. 

-Chemical and biological reactions: such as the conversion of refractory organic matter. 
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-External contamination: as the reclaimed water tank is open, there is a possibility that 

contamination may have occurred at some point. 

-Errors in sampling and analysis. 

-Dilution of pollutants in the secondary treatment: if there has been rainwater input, the 

sampling may have underestimated the COD concentration. Another situation is that, 

when the volume of water is reduced, the residual organic matter is more concentrated, 

increasing the COD of the reclaimed water. 

 

➢ NUTRIENT ANALYSIS 

MACRONUTRIENTS 

The physicochemical components of the reclaimed water have been described above, 

analysed on the basis of their logarithmic reductions to determine the efficiency of the 

treatment processes. To determine the nutrients contained in the reclaimed water, they 

were compared with the results obtained from a local well located on the plot, 

simulating the properties that a farmer in the area would have if he were to use the 

underground resource, which is common practice. All the components analysed and 

other statistical parameters can be found in the Annex, while a summary of the main 

ones can be found in Table 10: 

 

Table 10. Comparison of macronutrients between reclaimed water and local well water. 

Nutrient 
Regenerated water 

(mg/L) 
Well water (mg/L) 

Total nitrogen 31.54 12.92 

Total phosphorus 5.9 0.16 

Nitrate 6.68 43.49 

Ammonium 30.37 1.13 

Chlorides 559.6 54.71 

Potassium 30.82 2.59 

 

There are significant differences in nutrient supply between reclaimed water and well 

water, especially in the most important nutrients such as nitrogen and phosphorus. 

Both are found in higher concentrations in reclaimed water. 

Nitrate, the main form of nitrogen absorbable by plants, is found in higher concentration 

in groundwater. Nitrates are highly toxic to human health, causing diseases such as 

‘blue baby syndrome’, while for crops they are the main source of nitrogen. 

The opposite is true for ammonium, which is found in higher concentration in reclaimed 

water. This is because, in the initial stages of wastewater treatment, nitrogenous 

organic matter (such as urea) decomposes and generates ammonium as a by-product. 

In addition, if the secondary treatment conditions are not optimal for nitrification, the 

oxidation of ammonium to nitrate by nitrifying bacteria is not complete and more 

ammonium is found in the resulting effluent. 
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There are other components present in reclaimed water that are worth mentioning, 

such as chlorides. Chlorides are particularly important in reclaimed water, as they are a 

good indicator of the overall quality of reclaimed water, as they are stable and easy to 

measure. 

Chlorides (Cl-) are highly soluble dissolved ions that are not easily removed in natural 

processes and also contribute to the formation of residual chlorine. They considerably 

increase the risk of salinisation by increasing the electrical conductivity index, and are 

not significantly adsorbed in the soil, so they can accumulate and degrade the quality 

of the receiving soil.  

In this case, the reclaimed water would be used for agricultural irrigation, so it is 

necessary to monitor this parameter as it is toxic for plants in high concentrations. The 

ideal values of chlorides in irrigation water depend on the sensitivity of the crop, for 

example: 

-Sensitive crop (citrus): <100 mg/L. 

-Tolerant crop (wheat): up to 350-400 mg/L. 

In this case, the predominant crop is avocado and mango, with avocado being a 

salinity-sensitive crop and, to a lesser extent, mango, a little more tolerant. 

Regenerated water contains 10 times more chloride concentration than groundwater, 

which can be toxic for crops. 

 

MICRONUTRIENTS 

Boron is essential for the development of plants, but the difference between the value 

required by the plant and the toxic value is very small, so it is necessary to take special 

care with this element. The US Environment Protection Agency has developed 

guidelines for irrigation water use, establishing a critical level of 0.6 mg/L for avocado 

crops. In the case of reclaimed water, the boron concentration is 0.17 mg/L, so it 

should not present a risk. 

Reclaimed water is enriched in sulphur, calcium, magnesium, iron, manganese, 

sodium... With the exception of sodium, these are essential for crop development, more 

specifically: 

-Sulphur: important for protein synthesis and general plant development. 

-Calcium: promotes the formation of strong fruit and root tissues. It helps to reduce 

problems such as premature fruit drop in avocado. 

-Magnesium: essential component of chlorophyll, vital for photosynthesis. Ensures 

good vegetative development in mango and avocado. 

-Iron: necessary for chlorophyll synthesis.  

-Manganese: involved in nitrogen metabolism and photosynthesis. 
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-Sodium: small amounts can be useful for some physiological functions in plants. 

However, in this case its presence is rather detrimental, given the sensitivity of these 

crops to salinity, especially avocado. 

Micronutrients are essential in low quantities, if they are found in excessive amounts 

they could be toxic for the crop.  

On the other hand, we find bicarbonate (HCO3
-) and carbonate (CO3

2-). Whether one or 

the other is found depends on the pH of the sample containing it: 

-Acidic water (pH < 6.3) is dominated by carbon dioxide (CO2) and small amounts of 

carbonic acid (H2CO3). There is hardly any bicarbonate or carbonate. 

-In neutral waters (6.3 < pH < 8.3), bicarbonate predominates. 

-In alkaline waters (pH > 8.3) the proportion of carbonate increases and from pH 10.3 

onwards it is the predominant form. 

This is why, in both regenerated and groundwater sources, there is more bicarbonate 

than carbonate, the latter not being detected in well water analyses. 

 

HEAVY METALS 

 

Graph 8. Concentration of heavy metals detected in reclaimed water. 

 

Of all of them, copper is the one that stands out the most, being the one with the 

highest concentration. However, all of them are below the legal limit established in 

Royal Decree 1620/2007 (now repealed). At these concentrations, they present a very 

low risk of phytotoxicity, although the real danger is long-term accumulation. 
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4. Responsible parties of the system 

4.1.Identification and responsibilities 

“Responsible party” is defined (UE 2020/741) as: “someone who performs a function or 

activity as a party in the water reuse system”.  Are indicated below: 

 

Figure 6. Relationship between the parties that make up the reuse system. 

 

The responsibilities of each party responsible for the system are: 

• Aguas y Saneamientos de la Axarquía, S.A.U. (Axaragua): operator of the 

urban wastewater treatment plant. 

o To operate, manage and maintain the Algarrobo urban waste water 

treatment plant and to guarantee the correct functioning of all treatments 

and processes. 

o To ensure that the secondary treated water meets the minimum quality 

and control requirements set out in Royal Decree 509/1996. 

o Prepare or help prepare (together with other responsible parties), review 

and update the risk management plan, in particular the relevant factors 

related to waste water treatment. 

o Take the necessary measures to manage the risks at the urban 

wastewater treatment plant as set out in the plan. 

o Manage emergencies at the urban waste water treatment plant. 

o Ensure adequate communication with other peers, in particular in 

emergency situations. 

 

• Bioazul: operators of the water reclamation plant. 

o Operate, manage and maintain the water reclamation plant and ensure 

the correct functioning of all treatments and processes. 

o Ensure that, at the point of compliance, the reclaimed water meets the 

quality and control requirements set out in Annex I of Regulation (EU) 
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2020/741, in accordance with the reclaimed water quality classes and 

permits. 

o Prepare or help prepare (together with other responsible parties), review 

and update the risk management plan, in particular the parts relevant for 

the production and supply of reclaimed water. 

o Take the necessary measures to manage the risks at the water 

reclamation plant as set out in the plan. 

o Correctly manage incidents at the reclamation plant. 

o Ensure proper communication with other parties, in particular in 

emergency situations. 

o Crop maintenance (with TROPS) and irrigation drippers. 

 

• Trops: experts in agronomic management 

o Operate and maintain irrigation systems and existing barriers and 

preventive measures. 

o Monitor irrigation and report incidents. 

o To ensure a sustainable use of reclaimed water for the crops under 

study, according to agricultural recommendations. 

o Study of crop evolution. 

o Crop reviews: infestation presence checks, foliar analysis, pruning 

planning,…  

 

• Competent authority: Counseling of Agriculture, Fisheries, Water and Rural 

Development in Malaga, of the Regional Government of Andalusia. 

o Grant authorization and monitor compliance with quality parameters. 

o Issue the specific technical and environmental conditions, if exists. 

o Promote safe water reuse. 

 

4.2. Relations between the parties 

The parties responsible for this reuse system will maintain contact via email, 

periodically updating the information related to the plot, as a follow-up.  

The responsible parties shall set up a contact telephone number and an e-mail address 

to ensure communication and to report incidents or anomalous situations in the system. 

The parties meet periodically (approximately every 2 weeks) to report on progress, 

incidents and tasks carried out on the pilot plot. 

In addition, these meetings should discuss the results of the various analyses 

performed on the crop and water (depending on the specific analysis being done) and 

provide information on everything relevant to the safe management of reclaimed water. 
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4.3. Minimum system point requirements 

4.3.1. Point of compliance 

Regulation (EU) 2020/741 defines in Article 3 ‘point of compliance’ as: the point at 

which the operator of the reclaimed water treatment plant supplies reclaimed water to 

the next actor in the chain. 

In the case of the Algarrobo WWTP, the operator of the reclaimed water coincides with 

the Bioazul reclamation station, housed in the Algarrobo WWTP. In any case, the 

operator of the water reclamation plant will ensure that the quality requirements 

established in the regulations in force, in this case Regulation (EU) 2020/741 on 

minimum requirements for water reuse, are met: 

Table 11. Maximum admissible values (AMV) for agricultural use. 

Reclaimed 
water quality 

class 

Quality requirements 

E. coli 
(CFU/100 

mL) 

Turbidity 
(NTU) 

TSS 
(mg/L) 

BOD5 
(mg/L) 

Intestinal 
nematodes 

(egg/L) 

Legionella 
spp. 

(CFU/L) 

C 1000 - 35 25 1 1000 

 

Table 12. Minimum ampling frequencies for the reclaimed water quality class. 

Reclaimed 
water quality 

class 

Sampling frequencies 

E. coli 
(CFU/100 

mL) 

Turbidity 
(NTU) 

TSS 
(mg/L) 

BOD5 
(mg/L) 

Intestinal 
nematodes 

(egg/L) 

Legionella 
spp. 

(CFU/L) 

C Biweekly Continuous Weekly Biweekly Biweekly Biweekly 

 

Quality requirements are determined by the type of irrigation used, in this case drip 

irrigation, and the type of crop being irrigated. In this case, these are food crops 

consumed raw, with the edible portion growing above ground level and not in direct 

contact with the reclaimed water. 

The compliance point is located on the plot of land provided by Algarrobo Town Council 

for the development of the P2Green pilot project, specifically in the reclaimed water 

storage tank connected to the Hach, where the samples are taken for analysis. The 

coordinates of the point are as follows: 

 

Table 13. Coordinates of the point of compliance of the reuse system. 

Coordinates UTM (Zone 30) - WGS84 

X 406346 

Y 4067899 
 



47 
 

Reclaimed water is considered to meet the quality requirements if the measurements of 

the reclaimed water meet all of the following criteria (RD 1085/2024): 

-90% of the samples have results below the AMV for all indicators. 

-the samples exceeding the WFD do not exceed the Maximum Deviation Limits (MCL). 

-in the case of turbidity, given that its measurement is continuous, it shall be assessed 

with the fortnightly average. 

For proper tracking of analytics, these are recorded in a template where trends, 

maximums, minimums, averages and other statistical parameters can be observed. 

 

5.Identification of hazardous agents and 

exposure groups 

5.1. Hazardous agents 

Hazardous agent’ is defined as a biological, chemical, physical or radiological agent 

that has the potential to cause harm to humans, animals, crops and/or plants, terrestrial 

and aquatic biota, soils or the environment in general. 

 

5.1.1.Pathogens 

Domestic wastewater may contain pathogens that can negatively affect public health. 

Therefore, the risk to human health from non-potable reuse events is mainly due to 

these pathogens. 

Wastewater may also contain a large number of chemical constituents, but past 

experience shows that the chemicals found in recycled wastewater generally meet 

drinking water quality requirements for most parameters, including heavy metals and 

organic chemicals, pesticides and disinfection by-products. It is recognised that under 

certain conditions, such as when wastewater discharges or industrial emissions are 

high, these constituents may present a hazard. ISO 20426:2018 includes a list of 

microbial hazardous agents often detected in raw wastewater: 

Table 14. Main microbial hazardous agents detected in untreated wastewater. 

Pathogenic agent Examples Disease 

Bacteria 

Shigella Shigellosis (bacillary dysentery) 

Salmonella 
Salmonellosis, gastroenteritis (diarrhoea, 

vomiting, fever), Reiter's syndrome, intestinal 
typhoid 

Vibrio cholera Cholera 

Pathogenic E.coli 
Gastroenteritis and septicaemia, haemolytic 

uraemic syndrome 

Campylobacter 
Gastroenteritis, Reiter's syndrome, acute 

inflammatory polyradiculoneuritis 
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Protozoa 

Entamoeba Amebiasis (amoebic dysentery) 

Giardia Giardiasis (gastroenteritis) 

Cryptosporidium Cryptosporidiosis, diarrhoea, fever 

Helminths 

Ascaris Ascariasis (worm infection) 

Hookworm Hookworm infection (hookworm infection) 

Necator Necatoriasis (worm infection) 

Trichuris Trichurosis (whipworm infection) 

Viruses 

Enterovirus 
Gastroenteritis, cardiac abnormalities, 

meningitis, respiratory disease, neurological 
disorders, other 

Adenovirus 
Respiratory disease, eye infection, 

gastroenteritis 

Rotavirus Gastroenteritis 

 

We must be careful with pathogens, and specifically enteric viruses, because of their 

low-dose infectivity, long-term survival in the environment, difficulties in monitoring 

them, and their low removal and inactivation efficiency in conventional wastewater 

treatment (RB.3: Asano T. et al., 2007). 

 

FILAMENTOSE 

There is a wide variety of filamentous organisms present in the active sludge of the 

Algarrobo sewage treatment plant. The following types are found: Nostocoida limicola 

III, Nocardioforms, Sphaerotilus natans, Haliscomenobacter hydrossis, Thiothrix I, 

Thiothrix II, N. limicola I, N. limicola II, Type 0411, Type 0961, Type 1863, Type 0211, 

Type 1701, Type 021N... 

The occurrence of certain filamentous types is associated with different causes, for 

example: 

-S.natans, H. hydrossis, T1701, Nocardia spp. and T021N appear when there is low 

oxygen content in the reactor.  

-When there is low organic matter content in the reactor, many types of filamentous 

bacteria appear, such as T0961, Nocardia spp. and H. hydrossis. 

-Septic waters (enriched in sulphides) contain filamentous T021N and Thiothrix spp. 

The latter appear when there is a nutrient deficiency or when there are food 

discharges. 

-Filamentous T0411 and T021N are associated with turbidity in clarifiers, probably from 

industrial discharges. 

 

PROTOZOANS 

Protists constitute one of the most important populations of the communities of living 

organisms in the biological reactors of WWTPs. These micro-organisms are essential 

for the functioning of the treatment system because they are involved in predation 

processes on bacterial populations contributing. On the one hand, to the maintenance 
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of active growth phases and, on the other hand, by eliminating bacteria, including 

pathogens, from the wastewater. 

More than 200 species of protozoa have been identified in wastewater (Curds, 1975), 

of which 33 are flagellates, 25 rhizopods, 6 actinopods and 160 ciliates, with a density 

of 10000 cells/mL (Madoni, 1984). They are the bioindicators par excellence as they 

contribute to the consumption of BOD and COD; moreover, it is estimated that they are 

responsible for 50% of the reduction in the concentration of E.coli in a wastewater. 

At the first start-up of a biological reactor, small flagellate protists are found, which are 

incapable of purifying the raw wastewater. As time goes by, new protists appear that 

are able to digest organic matter (amoeboid and alveolate protists). Under the right 

conditions, metazoans will appear, increasing the water's purification capacity. 

-Flagellate protists: species of Vorticella, Opercularia, Epistylis... are common. 

-Ameboid protists: Mayorella sp., Euglypa sp., Arcella sp., ... 

-alveolate protists: in this group are the suctors (Podophyra spp. for example), 

indicators of good wastewater purification. 

-Metazoans: rotifers, nematodes, annelids, tardigrades. 

 

However, water quality monitoring programmes tend to focus on indicator organisms 

rather than pathogen analysis (RB.16: Olivieri A.W. et al., 2005) as pathogens are 

rarely measured directly in wastewater because their concentrations vary and 

analytical processes are sometimes difficult or expensive. 

 

5.1.2.Polluting substances 

A ‘Watch List’ of emerging pollutants is available on the website of the Ministry for 

Ecological Transition and the Demographic Challenge. The origin of emerging 

pollutants in the aquatic environment is diverse, although human activity is usually 

considered to be the main cause, with urban wastewater being a significant source of 

emissions. 

These pollutants are mostly pesticides and pharmaceuticals: 
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Graph 9. Main drugs detected in Spanish waters. 

 

Graph 10. Main pesticides found in Spanish waters. 

 

A table of hazardous agents detected in urban wastewater is given in Australian 

Guidance: 

Table 15. Potential hazards detected in urban wastewater (source: Australian technical 

guidelines, adapted from Technobanoglous et al., 2003). 

Classification Example 

Conventional 

Suspended solids 

BOD 

Total organic carbon 

Ammonium, nitrate, nitrite, total nitrogen 

Phosphorus 

Metals 
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Surfactants 

Organic chemicals 

Pesticides 

Salinity 

Bacteria 

Helminths 

Protozoa 

Viruses 

Emerging 

Medicines (antipyretics, antibiotics, antacids, anti-
inflammatories, etc.) 

Household cleaning products 

Human and veterinary antibiotics 

Industrial products 

Sex hormones and steroids 

Endocrine disruptors (hormonal active agents) 

Water disinfection by-products (such as NDMA, N-
Nitrosodimethylamine) 

 

HAZARDOUS AGENTS DETECTED IN URBAN WASTE WATER FROM 

ALGARROBO WWTP 

-Benzo(a) pyrene  

Polycyclic aromatic hydrocarbon component (incomplete combustion or 

pyrolysis of organic matter, especially fossil fuel and tobacco). 

Chemical hazard: reacts with strong oxidants. Decomposes on heating and produces 

toxic fumes. 

Routes of exposure: exposure is mainly by inhalation. 

Effects of prolonged or repeated exposure: prolonged or repeated contact may cause 

skin sensitisation. This substance is carcinogenic to humans. May cause heritable 

genetic damage in human germ cells. May cause impaired human development or 

reproduction. 

The substance is very toxic to aquatic organisms. Bioaccumulation of the substance 

may occur in fish, plants and molluscs. The substance may cause long lasting effects in 

the aquatic environment. It is advisable to prevent this product from entering the 

environment. 

 

-Benzo(b) fluoranthene 

Effects of prolonged or repeated exposure: This substance is possibly carcinogenic to 

humans. May cause genetic damage in humans.  

This substance may be hazardous to the environment; special attention should be paid 

to air and water quality. 

-Benzo(g,h,i)pyrolene 

-benzo(k)fluoranthene 
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-Indeno(1,2,3,c,d) pyrene 

-Lindane (gamma BHC)  

A chemical isomer of hexachlorocyclohexane (HCH) banned since 2008 in the EU, as it 

was previously used as a pesticide. The solubility of this organochlorine is very low in 

water (g/100 mL at 20°C: 0.0007). It is classified as a priority hazardous substance, 

regulated in Annex X of Directive 2000/60/EC (WFD). 

Chemical hazard: decomposes on intense heating and burning. This produces toxic 

and corrosive fumes including chlorine (see IFCS 0126), hydrogen chloride (see IFCS 

0163) and phosgene (see IFCS 0007). Reacts with bases. This produces toxic and 

corrosive fumes including hydrogen chloride and trichlorobenzenes (see FISQ 0344, 

1049 and 1222). 

Routes of exposure: the substance may be absorbed by inhalation of aerosol, through 

the skin and by ingestion. 

Effects of short-term exposure: The substance may affect the central nervous system. 

This may result in convulsions. Exposure may cause death. Medical surveillance is 

recommended. 

Inhalation risk: Harmful concentration of airborne particles may be reached rapidly 

when dispersed. 

Effects of prolonged or repeated exposure: The substance may affect the nervous 

system, bone marrow and liver. This substance is carcinogenic to humans. Animal 

studies show that this substance is likely to cause toxic effects on human development 

or reproduction. 

The substance is very toxic to aquatic organisms. Bioaccumulation of this substance 

may occur along the food chain, e.g. in fish and seafood. The substance may cause 

long-lasting effects in the aquatic environment. This substance is normally released to 

the environment; however, any further input, e.g. by improper disposal, should be 

carefully avoided. 

This compound has been sampled twice a year since 2021, once in the month of 

March and once in September, giving six results of 0.03 µgr/L. 

 

PCBs: are a series of organochlorine compounds, which constitute a series of 209 

congeners, each of which consists of two benzene rings and from one to ten chlorine 

atoms, i.e. they are formed by chlorination of different biphenyl positions, 10 in total. 

Because of their good thermal properties, they have been used as lubricating oils, 

dielectrics, hydraulic fluids, insulating resins, paints, waxes, sealants for concrete 

joints, etc. For this reason, they can still be found in certain equipment and materials 

built before their prohibition, especially in the electricity generating and consuming 

sectors. 

PCBs are highly toxic synthetic chlorinated substances. These compounds have high 

environmental mobility due to their partial volatility and persistence, as well as their 
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high affinity for fatty tissue types. They bioaccumulate in numerous species and 

biomagnify through food webs. 

They cause a number of adverse effects on human health such as immune 

dysfunction, neurological, hormonal, developmental, neurobehavioural disorders, etc. 

They are also classified as possible human carcinogens and reproductive toxicants. 

They are found in concentrations of 0.1 µgr/L. 

 

In addition to these components, microplastics should be mentioned. Studies suggest 

that the amount of microplastics in the effluent is proportional to the degree of 

purification achieved. One of the most common microplastics in wastewater are the so-

called ‘microbeads’ from personal care and cosmetic products. These microbeads are 

transported to sewage treatment plants where some will be removed in the treatment 

process. However, due to their small size, it is likely that a substantial proportion will 

pass through the system and enter the aquatic environment (Napper et al., 2015). 

These parameters have been studied through different campaigns, for which no results 

are yet available. 

 

5.2. Hazardous events 

In the Guidelines to support the implementation of the European Commission's 

Regulation 2020/741 on minimum requirements for water reuse, Annex I defines a 

hazardous event as: ‘an event in which people are exposed to a hazardous agent 

within the system. This may be an incident or situation that introduces or releases the 

hazardous agent into the environment where people live or work, amplifies the 

concentration of a hazardous agent or fails to remove it from the human environment 

[WHO, 2016]. 

• Algarrobo Waste Water Treatment Plant 

-Higher inflow to the plant that prevents proper wastewater treatment. 

-Poorer quality input of raw urban wastewater, e.g. from unauthorised or accidental 

discharges. 

-Ingestion/inhalation of workers to raw urban waste water. 

-Failures in the purification treatment/leakage… 

 

• Wastewater Reclamation Plant 

-Regeneration treatment failures/leaks. 

-Ingestion/inhalation of reclaimed water by operators. 

-Contamination in the storage reservoir. 

-Proliferation of micro-organisms through the reclaimed water distribution network… 
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• Crops 

-Exposure to reclaimed water, either accidentally or due to inadequate irrigation time, 

including leakage. 

-Loss of soil and/or fruit quality. 

-Human errors that may endanger both health and the environment… 

 

5.3.Environments and exposure groups 

Groups likely to be exposed to reclaimed water are as follows: 

-Workers at the sewage treatment plant: this group is exposed to hazards from raw 

wastewater, not reclaimed water. 

-Workers at the reclaimed water reclamation plant: are exposed to hazards related 

to reclaimed water. 

-Local community: in case of breakdowns that expose the reclaimed water, the most 

affected group will be the one near the plot, citizens of Algarrobo coast. However, the 

risk of contact for this group is minimal, since: the entire plot where reclaimed water is 

used has a perimeter fence and only authorized personnel can access it, also the 

localized irrigation is used. Therefore, the greatest risk for this group would be a break 

in the distribution network that would leave the reclaimed water exposed. 

-Environment: fauna, flora, other bodies of water and soil. As for water bodies, both 

the groundwater body and the Algarrobo river could be affected, as well as the 

associated fauna.  

 

5.4.Routes of exposure 

5.4.1.Sanitary 

Exposure routes are related to direct contact with reclaimed water, which may contain 

pathogens. These exposure routes can be by contact, inhalation or ingestion of the 

reclaimed water itself. 

• CUTANEOUS-MUCOSAL ROUTE 

By direct contact, as pathogens could enter the body through wounds or through the 

dermis, including through the conjunctival mucous membranes in case of splashes in 

the eyes. 

 

• AIRWAY 

The main route is through the aerosolization that occurs in the aeration tanks of the 

WWTP, where the aeration equipment generates bioaerosols (talking about 
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wastewater, not regenerated). Another focus would be the aerosols produced in the 

sludge aeration devices, which can carry airborne pathogens such as Legionella or 

enterococci. Enclosed spaces are the most dangerous in this respect. 

For this risk to actually occur, the aerosols must meet a number of requirements: 

-Possess a size between 1 and 30 µm in diameter. 

-Ease of germs to contaminate: if they are encapsulated or sporulated, they are more 

dangerous. 

-Characteristics of the pathogen itself. 

-Diameter of the microdroplets: those with a diameter <3 µm do not reach the 

pulmonary alveoli; those with a diameter greater than 3 µm are captured by the ciliated 

epithelium and the contamination becomes aerodigestive. 

-Meteorological conditions that may intervene in the diffusion of the aerosol. 

In this reuse system, there is no aerosolization of reclaimed water, as it is contained in 

pipes, reaches closed tanks, and is distributed by dripping. 

 

• DIGESTIVE TRACT 

It is produced by accidental ingestion or by a possible fall into the water. If reclaimed 

water is accidentally ingested, medical attention should be sought. 

 

5.4.2.Environmental 

• WATER 

The irrigation method used by farmers in the area is predominantly drip irrigation, with 

some sprinkler and blanket irrigation. 

We are located in the hydrographic demarcation of the Andalusian Mediterranean 

basins, which includes the basins that flow into the Mediterranean Sea. 

The Algarrobo River, whose mouth is just a few meters from the plot, is considered by 

the regional government to be in “worse than good” overall condition, with a good 

chemical status but a “moderate” ecological status. 

The Figure 7 shows the Mediterranean River Basin District of Andalusia, highlighting 

the spatial distribution of agricultural land uses and irrigation pressures. Areas are 

classified according to the percentage of agricultural pressure on water bodies: les than 

10% (not significant), 10-30% (important), and more than 30% (very important). 

Irrigated zones are shown in green, and general agricultural uses in magenta. The 

coastal and lowland areas display the highest concentration of irrigated agricultura, 

particularly in the Eastern sector of Málaga province, where very important pressures 

(>30%) are evidente due to intensive horticultural and subtropical crop production. 
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Figure 7. Map of diffuse pressure in the hydrographic demarcation of the Andalusian 

Mediterranean basins. 

 

We are in the Algarrobo river basin, which drains the waters of the Sierra de Almijara. 

This is an exorheic basin, i.e., it is an area in which water flows out to the sea (see 

Figure 8). 

In Algarrobo costa there is a detritic aquifer formed by recent alluvial terrain, of low 

entity (Q ≈ 50 L/s), which corresponds to the Quaternary conglomerates, sands and 

silts in the area of the mouth of this river course. It could be considered as a detrital 

formation underlying the Velez river aquifer. 
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Figure 8. Location of the Algarrobo river as it passes through the Algarrobo WWTP 

(source: Hydrogeological Atlas of Malaga). 

 

In the Figure 8, the red triangle represents the WWTP, the red line represents the 

wastewater pipeline, while the green lines represent the drinking water pipelines. The 

green squares are drinking water tanks, although the one located near the WWTP is 

not in use. 

The Algarrobo river rises in the municipality of Canillas de Albaida, to the north, at the 

foot of Sierra Tejeda, under the name of Turvilla river. Depending on the section of the 

river to which we refer, it can be called Turvilla river (upper part), Sayalonga river 

(middle part) or Algarrobo river (lower part and mouth). 

As it happens in most of the rivers of the region, the rivers have better quality in their 

headwaters, losing it progressively as the fluvial course advances downstream. This is 

also the case of the Algarrobo river, which, due to its condition, does not present a 

danger as a route of exposure to dangerous agents. 

As for the groundwater bodies, the Algarrobo WWTP is located on highly permeable 

material (it is located in the Vélez groundwater body), as shown in Figure 9. Hence, two 

wells, “Doña Pura” and “Campo Fútbol” are located a few meters from the treatment 

plant. 

In addition, the drinking water reservoirs located in the area are observed, the closest 

being the lower Trayamar reservoir. The green line represents drinking water pipes, 

while red lines represent urban wastewater pipes. In the design of supply and 

sanitation networks, drinking water pipes are located above wastewater pipes. This 

arrangement responds to a principle of health protection and prevention of cross-

contamination. Its objective is to prevent any type of infiltration in the evento of leaks or 

breaks in sanitation pipes. 

 

Figure 9. Permeable outcrops in the water reuse system (source: MITERD). 

 

Algarrobo coast is located on detritic permeable material, with aquifer characteristics, 

although of low entity (it is estimated that the flow rate of this permeable material may 

be 50 L/s).  

Algarrobo WWTP 
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It is located within the permeable material that gives rise to the Vélez aquifer, of detritic 

origin and traditional use, very punished by the agriculture that is developed on it, 

having serious problems of marine intrusion and high nitrate content. 

The Algarrobo WWTP, as well as the municipality and a large part of the cultivated land 

in the region, is located in zona classified as vulnerable to nitrate pollution under 

Directive 91/676/EEC, according to the latest designation by the Regional Government 

of Andalusia. 

 

Figure 10. Spanish pilot’s position in the area classified as vulnerable to contamination 

by nitrates of agricultural origin. 

 

Therefore, the area of aplication of the reclaimed water in the pilot plot lies within the 

designed zone and must comply with the Directive and the Code of Good Agricultural 

Practices. In Annex I, this Code establishes the obligations and recommendations 

related to agricultural practices: 

-As a general rule, nitrogen fertilization must be adjusted to the crop’s needs 

throughout its growing cycle. Given the mobility of nitrogen in the soil, fertilization 

should be divided into several applications, ensuring that nutrients are supplied at 

times of greatest uptake by the crops. 

-The type of fertilizer to be used in each application must be selected according to the 

nitrogen availability of the product. 

-Fertilizer application is not permitted: 

 -during rainfall periods. 

 -on frozen or snow-covered soils. 

 -on flooded or water-saturated soils while these conditions persist, except in rice 

fields. 
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 -on plots with an average slope greater than 15% for woody crops, and on plots 

with an average slope greater than 10% for herbaceous crops, unless specific soil 

conservation techniques are applied to prevent erosion – such as terracing, contour 

plowing, conservation tillage, or application techniques that prevent nitrogen loss (e.g., 

burying base fertilizers or appying them as topdressing once the crop is established). 

 -on uncultivated land, unless a plant cover is maintained or its immediate 

establishment is planned within a maximum period of 15 days, except under adverse 

weather conditions. 

 -on land within 10 meters of watercourses or water accumulation areas. 

On land located between 10 and 50 meters from watercourses of water accumulation 

areas, the following restrictions apply: 

 -fertilization must not be carried out on windy days, to avoid drift. 

 -liquid fertilizers must not be used, in order to pevent runoff, onless fertigation 

techniques are employed. 

 

In addition, the Code provides the following recommendations: 

-Use fertilizer application techniques that ensure homogeneous product distribution. 

-Establish crop rotations that allow better utilization of the residual nitrogen remaining 

in the soil from the previous crop’s fertilization. 

-In irrigated crops, use the computer tools provided by the Regional Ministry 

responsible for agriculture to calculate the crop’s water requierements, in order to 

correctly schedule irrigation on each plot, in collaboration with local irrigation advisory 

services. This aims to promote more efficient water use and to avoid runoff and 

leaching effects. 

-Calculate the effective nitrogen balance for crops based on the parameters 

established in the Orden of 23 October 2020, which amends the Order of 1 June 2015 

(BOJA, No. 214, p. 24). 

This Order also establishes other specific obligations and recommendations for each 

type of crop. Since the predominant crops in the region are subtropical, the folllowing 

apply: 

-Mandatory limitation: the following amounts, expressed in kg N per ton of expected 

production (UFN), must not be exceeded: 25 for avocado and 18 for custard apple 

(chirimoyo). 

-Recommendation: in fertigation, carry out soil and water analyses to adjust nitrogen 

doses and make weekly applications between March and October. For custard apple, 

split nitrogen applications between March and September, with at least three 

applications – in March, July, and September. 

 

• SOIL 
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Soils constitute a natural mineral and organic system, closely related to the vegetal 

element it supports. 

In the municipality of Algarrobo there are two different edaphological units, according to 

the FAO/UNESCO classification. We find eutrophic Cambisols and Regosols and 

chromic Luvisols with lithosols and, to a lesser extent, calcareous Fluvisols in the 

coastal zone. 

Cambisols and regosols are usually enriched in nutrients (Ca2+, Mg2+, K+ and Na+) in 

the first centimeters of depth, while fluvisols are soils that, given their characteristics, 

tend to flood in rainy seasons. 

 

• FAUNA AND FLORA 

The Mediterranean landscape of Malaga is characterized by its faunal diversity, where 

a high, and partly unknown, number of invertebrate species and around 250 species of 

terrestrial vertebrates are found (Real, 2010). 

In the municipality of Algarrobo it is estimated that there are between 80 and 110 

species of wild fauna (Source: Rediam).  

There is no endangered flora in the municipality according to the Red Book of the Wild 

Flora of Andalusia. 

 

• CROPS 

Andalusia is the main subtropical-crop producing region in the European continent. 

Avocado is the dominant crop in terms of both area and value in Andalusia, with most 

production concentrated in the Axarquia region. There are more hectares of avocado 

than mango, the latter being the second most important crop. For this crop, the rainfall 

at the end of 2024 and during the Winter of 2025 was crucial to recover production, 

after several years of drought since 2022. The most widespread avocado variety is 

Hass, while for mango the predominant varieties are Osteen, Keitt and Kent. 

Regarding dryland crops, which can be found inland and on mountain slopes, 

vineyards on the one hand and olive and almond trees on the other are predominant. 

Vineyards are used for producing raisins ans sweet wines, typical of Málaga, with great 

historical and traditional value for the region and the province. Olive and almond groves 

have gradually been replaced by subtropical crops over the years, due to their lower 

economic profitability compared to subtropical crops in the coastal strip. 

In the municipality of Algarrobo, avocado and mango dominate, with some Muscatel 

vineyards found on the inland slopes. This productive fabric is reinforced by La Mayora, 

an I+D institute specialized in subtropical crops. 

The Algarrobo Irrigation Community has four cultivation sectors: mainly subtropical 

crops (mango and avocado), greenhouses, open-field horticultural crops, and a smaller 

area of loquat and citrus trees. 
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6.Risk assessment 
Urban wastewater may contain pathogens that can cause adverse effects on public 

health; consequently, human health risks from reuse of nonpotable water are primarily 

related to these pathogens. 

Wastewater may also contain numerous chemical constituents, but experience with 

reuse to date indicates that the chemicals present in reclaimed wastewater generally 

meet drinking water quality requirements for most parameters, including heavy metals, 

organic chemicals, pesticides, and disinfection by-products. Therefore, although it is 

recognized that under certain circumstances, such as in the case of discharge or high 

industrial inputs to the sewer, these constituents may pose a hazard, the issue is 

outside the scope of the Directive. 

The most common risk - that is, the one that recurs most frequently - is the failure to 

comply with reclaimed water quality standards, especially regarding microbiological 

parameters. The causes of this issue are diverse and operationally complex; therefore, 

proper maintenance, monitoring and supervision of treatment processes constitute the 

main preventive measures. In the case of the Spanish pilot plot, the causes of not to 

comply with requirements are maintenance of tertiary treatment. 

 

The purpose of risk analysis is to understand the nature of the risk and its 

characteristics, including, where appropriate, the level of risk. Risk analysis involves a 

detailed examination of uncertainties, risk sources, consequences, probability, events, 

scenarios, controls and their effectiveness. An event can have multiple causes and 

consequences and affect multiple objectives. 

The most common hazardous events associated with health risks in a non-potable 

water reuse system are as follows (ISO 20426:2018): 

-Potential non-compliance with reclaimed water quality due to lack of treatment or 

contamination of the storage and/or distribution system. 

-Misuse / inadvertent use of reclaimed water (may lead to ingestion, for example). 

-Accidental exposure of reclaimed water caused by end-use system failures resulting 

from sabotage, natural disasters or extreme weather conditions. 

-Cross-connection to higher quality water sources (in this case local or potable). 

-Inadequate education and/or misinformation on reclaimed water uses. 

 

6.1. Methodology 

A qualitative assessment of the risks associated with the use of reclaimed water in 

agriculture in the Algarrobo area has been carried out.  

Each hazardous event identified in the water reuse system has been assigned a value 

from 1 to 5, with 1 being considered a negligible risk and 5 a catastrophic event. 
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Level Consequence Impact level description 

1 Insignificant 
Hazard or hazardous event that has no or negligible 
health effects compared to other levels 

2 Minor 
Hazard or hazardous event that may have minor health 
effects 

3 Moderate 
Hazard or hazardous event that may cause self-limiting 
health effects or mild disease 

4 Major 
Hazard or hazardous occurrence that may result in 
illness or injury; and/or may give rise to legal claims and 
concerns; and/or major regulatory non-compliance 

5 Catastrophic 

Hazard or hazardous occurrence that may result in 
serious illness or injury, including loss of life; and/or will 
result in a major investigation by the regulatory 
authority, with the likelihood of prosecution 

 

Risks need to be assessed in terms of probability of occurrence, taking into account 

factors such as time and potential health effects. Probability analysis can be performed 

by reviewing historical data or by evaluating human error and event trees. 

Human exposure can occur through the combined probability of two scenarios: 

-Potential human exposure to aqueous media containing hazardous agents. 

-Probability of presence of hazardous agents in reclaimed water. 

 

As the probability of occurrence increases, the level of risk increases. The level of 

likelihood of occurrence can be prioritized according to the following qualitative 

descriptors: a scale of “1 = rare” - “5 = almost certain”. 

Level Probability Descriptive example 

A Rare 
Has not occurred and is highly unlikely to occur 
within a reasonable period of time 

B Unlikely 
Has not occurred in the past, but may occur in 
exceptional circumstances within a reasonable 
period of time 

C Possible 
May have occurred in the past and/or may occur 
under normal circumstances within a reasonable 
time period 

D Likely 
Has been observed in the past and/or is likely to 
occur within a reasonable period of time 

E Almost certain 
Has been observed frequently in the past and/or is 
almost certain to occur in most circumstances within 
a reasonable period of time 

* The reasonable period depends on the level of risk and local regulations. 

 

The risk level of a hazardous event is given by the formula below: 

Level of risk = Probability x Consequence 

 Consequence 

Probability 1 2 3 4 5 
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A Very low Very low Low Low Moderate 

B Very low Low Low Moderate High 

C Low Low Moderate High High 

D Low Moderate High High Very high 

E Moderate High High Very high Very high 

 

In the risks tables, the maximum exposure is the actual level of risk, without the 

preventive measures. If a risk is classified as “moderate”, “high” or “very high”, specific 

preventive risk control measures are required to reduce its level. The objective of risk 

management is to lower all risk levels to “low” or “very low” (residual risk).  

Risk assessment with the identification of combined hazards (e.g., presence of multiple 

pathogens) or a single hazard (e.g., a specific pathogen) is a very subjective predictive 

activity for user decisions; therefore, there may be some uncertainties associated with 

hazards and hazards. For example, changes in contaminant concentrations over time 

may be difficult to predict. 

 

6.2. Risk analysis 

In section 5.2. of this PGR for the Algarrobo WWTP, the possible causes of hazardous 

events associated with the use of reclaimed water, from its origin to its use, in this 

case, are described. 

It should be noted that the risk analysis focuses on the end use of agriculture (in our 

pilot plot), as they are the end users of the reclaimed water reuse in this region. It is 

worth mentioning that the pilot program has a duration of 4 years (ending in November 

2026) but can be extended over time, so risks that may arise during this time are taken 

into account.  

In order to synthesize the hazardous events detected and following the indications of 

ISO 20426:2018, the risks associated with the use of reclaimed water in the Algarrobo 

reuse system are identified below: 

General risks (that can be associated with any reuse system): 

-Failure in the depuration treatment: various situations can lead to inadequate water 

quality after secondary treatment. This may or may not affect the quality of the 

reclaimed water, depending on the specific case.  

-Ingestion, inhalation or contact with reclaimed water: this risk may occur at the 

reclamation station, due to breaks in the distribution network, leaks or improper use of 

reclaimed water, putting the health of people working or in contact with the system at 

risk. 

-Power supply interruptions or power failure: reclaimed water treatment systems 

depend on a stable power supply. A power failure can interrupt the regeneration 

processes, affecting water quality and the operation of the distribution network. 
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-Failures in the regeneration system: various situations can cause the regeneration 

treatment to be inadequate, so it is necessary to monitor the parameters in the 

regenerated water tank and suspend the supply when necessary. 

-Contamination of other water sources: such as local or drinking water, which would 

generate sanitary and environmental problems. However, the risk is low, since the 

drinking water pipes are located above the sanitation pipes. There is also a risk of 

groundwater infiltrating the distribution network (which would dilute the quality of 

reclaimed water and/or reintroduce contaminants) or reclaimed water contaminating 

groundwater. 

-Wear or corrosion in the distribution network: the circulation of regenerated water, 

with a higher load of salts, organic matter, nutrients and microbiology, which is also 

subjected to a disinfection process (which generates sub-ducts and alters the balance 

of the water), causes corrosion to accelerate compared to other pipes in contact with 

potable water, for example. 

-Biofilm growth in distribution infrastructures: as reclaimed water circulates 

through the distribution network, there is a risk of biofilm formation that harbors 

pathogenic microorganisms. These biofilms also accelerate pipe corrosion, which can 

eventually generate leaks or ruptures in the network. 

-Proliferation of microbial communities along the distribution network: the growth 

of bacteria and protozoa in distribution pipes can compromise the microbiological 

quality of reclaimed water. In addition, the formation of biofilms can clog pipes and 

reduce the efficiency of the distribution system. We consider this risk to be low, given 

the short distance between the regenerating station and the fertigated crops. 

-Misuse or handling of reclaimed water: either due to lack of knowledge, sabotage 

or inadequate watering times. This risk is negligible in the pilot plot, since we have 

adjusted all the parameters and irrigation management is carried out by experts in the 

field. 

-Prolonged droughts, torrential rains: the first affects the availability and quality of 

resources. Torrential rains can cause breaks in the reclaimed water distribution 

network, as well as flooding in the pilot plot.  

 

Specific risks: 

-Potential salinization and/or sodification of the soil: in areas near the coast, such 

as Algarrobo, the sodium content in reclaimed water is considerably higher than in local 

water. This can lead to accumulation of salts in the soil, affecting its structure and 

fertility, and jeopardizing agricultural productivity. 

-Accumulation of trace elements in crops: the continued use of reclaimed water can 

lead to the accumulation of heavy metals and other trace elements in soil and crops. 

Although some of these elements do not pose immediate risks, their concentration 

could increase over time, affecting crop quality and food safety. 
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-Accumulation of microplastics and emerging contaminants: microplastics and 

other emerging contaminants, such as pharmaceuticals and industrial chemicals, are a 

long-term risk to soils, crops and human health, and require constant monitoring. 

-Sea level rise (saltwater intrusion): climate change and the conditions of water 

resource exploitation cause saltwater intrusion in this area, becoming a problem for 

crops irrigated with reclaimed water. 

 

In the fllowing risk assessment tables, the first “M.R.” represents the level of risk 

estimated before any preventive or control measure are applied, reflecting the potential 

severity and likelihood of a hazard under uncontrolled conditions. The “R.R.”, on the 

other hand, refers to the remaining leve lof risk after implementing the proposed 

mitigation measures (such as monitoring, treatment, or operational controls). This 

distinction helps demonstrate the effectiveness of the managament actions and 

ensures that all identified risks are reduced to an acceptable level. 

 

Abbreviations used in the following risk tables: 

-C = Consequence 

-P = Probability 

-MR = Maximum risk (without applying preventive measures) 

-RR = Residual risk (applying preventive measures) 
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S01- ALGARROBO WASTEWATER TREATMENT PLANT (WWTP) 

Stage Plant 

End use Agriculture (fertigation of subtropical crops: avocado and mango) 

Hazardous 
event 

Hazardous 
agent 

Causes C P MR 
Preventive 
measure 

C P RR 
Corrective 

action 

1) Failure in 
the depuration 

treatment 

TSS 
Turbidity 

BOD 
COD 
E. coli 

Legionella 
spp. 

Nematode 
eggs 

Detergents 
Hydrocarbons 

… 

-Hydraulic 

overload 

(increased 

inflow) or 

organic load 

-Power 

outage 

-Occasional 

industrial 

spills 

-Execution of 
maneuvers 
(closure of 

settling tanks, 
flow diversion, 

wich may 
temporarily 

interfere with 
the 

purification 
process) 

-Breakdowns 
and 

breakages in 
the water line 

-Saltwater 
intrusion 
-Extreme 
weather 

conditions 

3 D High 

- Control 
sources of 

origin 
- Control 
treatment 

(analytical and 
operational) 

-Alarm system 
triggers when 

certain 
thresholds (EC, 
TSS, flow) are 
exceeded, both 

at entry and 
exit 

-Use of 
calibrated 
measuring 
equipment 

-Staff available 
24 hours a day 

2 C Low 

-Review of 
analytical 

parameters 
-Sampling 

- If the 
problem 
persists, 

inform the 
regeneration 
operator so 

they can 
take 

appropriate 
action 

- Use of 
spillway in 
extreme 
cases 
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2) Power 
supply failure 

TSS 
Turbidity 
E. coli 

Pathogens 
and viruses 

-Network 

outage 

-Extreme 

weather 

conditions, 

such as 

floods and 

high 

temperatures 

-Generator 

failure 

2 C Low 

-Have a power 
generator 
available 
(gasolina 
powered) 

-Alarm system 
for power 

failures/outages 

2 B Low 

-Use the 
power 

generator 
-

Surveillance 
-Notify 

regeneration 
operator 
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S02- WATER RECLAMATION PLANT 

Stage Equipment container 

End use Agriculture (fertigation of subtropical crops: avocado and mango) 

Hazardous 
event 

Hazardous 
agent 

Causes C P MR 
Preventive 
measure 

C P RR 
Corrective 

action 

3) Failure of 
regeneration 

treatment 

TSS 
Turbidity 

BOD 
E. coli 

Legionella 
spp. 

Pathogens 
and viruses 

-Increased 

organic load 

in effluent 

-Power 

outage 

-Operation 

failure 

-Lack of 
maintenance/ 
deterioration 
of filter discs 
-Inadequate 
disinfection 

-Breakdowns 
and 

breakages in 
the water line 

-Extreme 
weather 

conditions 

3 D High 

-Control 
treatment 
(analytical 

and 
operational) 

-Tertiary 
equipment 

maintenance 
tasks 

-Use of 
calibrated 
measuring 
equipment 

-Keep 
reagents 

stored in a 
way that does 

not 
compromise 
disinfection 

-Monitoring of 
analytical 

results from 
the 

subcontracted 
laboratory 

2 C Low 

-Review of 
analytical 

parameters 
-Sampling 
-Check the 
filter discs 

for any 
breaks/ 

degradation 
-Review the 
disinfectant 

dosing 
system 

-Temporarily 
suspend 

regeneration 
if necessary 

4) Ingestion, 
inhalation 

and/or contact 
with reclaimed 

water 

E. coli 
Legionella 

spp. 

-Leak or 

break 

-By splash 

(e.g., water 

hammer) 

2 C Low 

-Staff training 
-Use 

appropriate 
personal 

2 B Low 

-Immediate 
cleaning 

with potable 
water 



70 
 

Remaining 
pathongens 
and viruses 

-Handle 

reclaimed 

water without 

PPE 

-Lack of 

signage 

regarding 

reclaimed 

water 

-

Unauthorized 

acces 

-Lack of staff 

training 

protective 
equipment 

-Existence of 
eyewash 

station and 
drinking water 

points 
-Visual 

warning signs 
for reclaimed 

water 
-Use of 

irrigation 
method that 

does not 
generate 
sprinkler 

 

-Medical 
assistance 
-Prepare an 

incident 
report 

detailing 
what 

happened 
and the 

measures 
taken in 

response 
-Review of 

safety 
standards 
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S03- RECLAIMED WATER STORAGE AND DISTRIBUTION SYSTEM 
Stage Distribution network 

End use Agriculture (fertigation of subtropical crops: avocado and mango) 
Hazardous 

event 
Hazardous 

agent 
Causes C P MR 

Preventive 
measure 

C P RR 
Corrective 

action 

7)Proliferation 
of microbial 
communities 

E. coli 
Legionella 

spp. 
Nematode 

eggs 
Pathogens 
and viruses 

 

-Failure in the 

disinfection 

process: 

insufficient 

disinfectant, short 

contact time… 

-Water stagnation/ 
low speed 

-Long periods of 
time water 

remains in the 
pipes 

-Contamination 
entry, for example 
through a broken 

pipe 
-Lack of pipe 

cleaning 

3 B Low 

-Controlling 
sources of 

origin 
-Automatic 

control 
elements that 

manage 
processes 

-Adjust water 
residence 
times to 

ensure water 
flow 

-Periodic pipe 
cleaning 

-Short range 
of the 

distribution 
system 

2 B Low 

-Shock 
cleaning with 
disinfectant 
-Review of 
analytics 

-Review the 
distribution 

system 
-

Microbiological 
sampling for 

confirmation to 
resume supply 

8)Pipe 
breakage 

E. coli 
TSS 
BOD 

Heavy 
metals 

Detergents 
Pathogens 
and viruses 

 

-Saltwater 

intrusion 

-Inadequate 

selection of 

materials 

-Flood zone 

-Lack of speed 

control/ water 

hammer 

-Aging of the 

pipes 

3 C Moderate 

-Analytical 
control of the 

treatment 
-Correct 

selection of 
contact 

materials and 
joint 

protections 
-Control of the 
pressures that 

3 B Low 

-Replacement 
of the damage 
section or leak 

repair 
-Add aditional 
protection if 

deemed 
necessary to 
prevent future 

breakage 
-Assess the 

potential 
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-Blows that cause 

breakages 

the pipes 
withstand 

environmental 
impact in case 

of breakage 
(review the 
last analisis 
before the 
breakage) 

-Notify 
environmental 

and health 
authorities 

9)Biofilm 
growth 

-Turbidity 
or TSS 
peaks 

-Pathogens 
and viruses 
(they hide 

in the 
biofilm) 

 

-Lack of pipe 

cleaning 

-Peaks of organic 

load 

-Low water speed 

at that point 

(stagnation) 

-High 

temperaturas in 

summer 

accelerate 

microbial growth 

-Insufficient 

amount of 

disinfectant 

-Pipes with 

internal 

roughness, aged, 

degraded joints, 

corrosion, 

microcracks… 

create surfaces 

3 B Low 

-Periodic pipe 
cleaning 
-Deposit 

maintenance 
-Correct 

regeneration 
process 

(filtration + 
disinfection) 

-Avoid 
prolonged 
periods of 

water 
remaining in 

the pipes 

2 B Low 

-Shock 
cleanup in the 

affected 
section 

-Inspection 
and repair of 

affected 
sections 
-Shock 

disinfection 
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that promote 

adhesion 

10)Wear or 
corrosion in 

the net 

Heavy 
metals 

Turbidity 
TSS 

Pathogens 
and viruses 

-Saltwater 

circulating 

through the 

network and non-

resistant pipes 

-Poor quality 

joints 

-Pipe aging 

3 C Moderate 

-Selection of 
compatible 
materials 
-Periodic 

inspection of 
joints and 

pipes 
-Have spare 
parts in stock 

-Correct 
selection of 

contact 
materials 

2 B Low 

-Repair or 
replacement of 

the affected 
section 

-Suspend 
supply 

-Turbidity 
control before 

resuming 

11)Contaminat
ion of other 

water sources 
(surface, 

drinking or 
underground 

water) 

E. coli 
Pathogens 
and viruses 

BOD 
TSS 

[N], [P] 
Emerging 
pollutants 

-Leak or break of 

a pipe and/or tank 

-Defective joints 

create microcraks 

-Runoff into 

permeable ground 

-Sections of pipe 

buried in areas 

with a high water 

table or saturated 

soils after rainfall 

-Poor construction 

or compaction 

that leaves 

tension in joints 

-Overflow of 

reclaimed water 

tanks 

-Improper 

handling 

4 B Moderate 

-Physical 
separation of 
drinking water 

and 
wastewater 

pipes 
(drinking 

water pipes 
are always 

placed above) 
-Correct 

signage of 
reclaimed 
water pipe 

-Containment 
trays for 

reclaimed 
water tanks 

(they are 
useless if the 

tank is 

3 B Low 

-Stop supply 
-Locate leak or 

break 
-Repair or 
replace the 

affected joints 
or section 
-Review of 

analytical data 
-Sampling of 
the receiving 

medium 
-Investigate 
the cause 

-Cleaning and, 
if possible, 

disinfection of 
the affected 

area 
-Notify the 

health and/or 
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completely 
emptied) 
-Irrigation 

method that 
does not 
generate 

runoff 
-Inspection 

after episodes 
of heavy rain 
-Prevent the 

area from 
becoming 

waterlogged 

environmental 
authority 
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S04- P2GREEN PILOT PLOT 
Stage Pilot plot (crop) 

End use Agriculture (fertigation of subtropical crops: avocado and mango) 
Hazardous 

event 
Hazardous 

agent 
Causes C P MR 

Preventive 
measure 

C P RR Corrective action 

12)Misuse or 
mishandling of 

reclaimed water 

E. coli 
Legionella 

spp. 
Pathogens 
and viruses 

TSS 
[N], [P] 

-Over-irrigation of 

crops 

-Irrigation in 
insuitable 

situations (high 
wind, high 

evaporation…) 
-Lack of flow 

and/or pressure 
control 

-Fertigation 
without adjusting 

the nutrient 
supply of the 

reclaimed water 
(excess nitrogen, 
higher salinity…) 

-Lack of staff 
training 
-Lack of 

maintenance of 
irrigation 

headers, filters, 
drippers… 

4 A Low 

-Staff training 
-Maintenance 
and incident 
management 

protocol 
-Sensor-based 

fertigation (allows 
seasonal 

adjustment) 
-Automatic 

adjustment of 
irrigation based 
on the nutrient 
content of the 

reclaimed water 
-Periodic 

inspection and 
cleaning of 

drippers 

3 A Low 

-Review of protocols 
and security 
measures 

-Stop the irrigation 
and reschedule 

-In case of ingestion, 
seek medical 

attention 
-Creation of specific 

protocols 
-Reminder of safety 

measures to workers 
-Assess the 

termination of the 
authorization for the 

concesion of 
reclaimed water 

 

13)Potential 
salinization 

and/or 
sodification of 

the soil 

Electrical 
conductivity 

[Na+] 
[Cl-] 
[B] 

[HCO3
-] 

 

-Water with high 

EC/Na/Cl 

-Reduced rainfall 

and high 

evaporation rate 

3 D High 

-Initial 
characterization 
of water and soil 

-Analytical control 
of the treatment 
-Drip irrigation 

method 

3 B Low 

-Thorough soil 
washing to remove 
the contained salts 

-Increase the 
organic matter 

content of the soil, to 
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-Surface irrigation 

that does not 

penetrate 

-Soils with poor 

drainage/ low 

compaction/ low 

organic matter 

-Saltwater 

intrusion 

 

-Selection of crop 
varieties and their 

arrangement 
-Periodic soil 

sampling 
campaigns to 

monitor evolution 
-Avoid water 

stress 
-Mixture of 

reclaimed water 
with well water if 
the EC > 2000 

µS/cm 
-Continuous 
monitoring of 

electrical 
conductivity 

(WWTP inlet and 
reclaimed water) 

-Periodic soil 
washing 

(essential) 

improve structure 
and infiltration 

-Adjust irrigation: 
frequency, amount 

-Inspection and 
cleaning, if 

necessary, of the 
drippers 

-Mixture of reclaimed 
water with well water 

14)Accumulation 
of trace elements 

in the crop 
(emerging 

contaminants, 
microplastics…) 

Heavy 
metals 

Pharma- 
ceuticals 

Microplastics 
Bisphenols 

… 
 
 

-Point source 

spills 

-Lack of 

processes that 

eliminate these 

elements 

-Lack of 

monitoring or 

control over 

elements (to 

observe trends) 

4 C High 

-Control of 
discharges into 

the network 
-Analytical plan 

(does not include 
microplastics or 

drugs) 
-Conducting 

sampling 
campaigns for 

emerging 
contaminants (at 
least 2 per year, 

3 B Low 

-If trends are 
detected, adjust the 
amount of irrigation 
and mix with well 
water (or another 

source), if necessary 
-If the soil becomes 
acidic, raise the pH 
(lime) and/or add 

organic matter 
-If there are isolated 

spikes (spills), 
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-There are types 

of soil that, by 

their nature, 

retain more 

water, such as 

clay soils or those 

rich in organic 

matter 

-Agronomic 

management that 

increases 

bioavailability 

high and low 
season) 

-Agronomic 
management 
handled by 

experts, with 
good practices 

and knowledge of 
bioavailability 
-Periodic foliar 

analisis to 
observe changes 

-Sampling 
campaign for 

crop fruit 

investigate the 
cause 

-If necessary, stop 
the supply of 

reclaimed water and 
irrigate with another 

source until the 
situation stabilizes 

15)Sea level rise 
(saltwater 
intrusion) 

EC 
[Na+] 
[Cl-] 

Pathogens 
and viruses 

-Climate change 

-Accentuation of 

the existing saline 

wedge (due to 

overexploitation 

of coastal 

aquifers) 

-Increasingly 

frequent storms 

that introduce salt 

water into the 

sewers 

-Prolonged 

drought that 

reduce the 

amount of 

available 

freshwater and 

facilitate saltwater 

intrusion 

3 D High 

-Continuous EC 
monitoring at the 

wastewater 
treatment plant 

inlet 
-Conducting 

regular 
campaigns 

throughout the 
sanitation 

network to locate 
points with high 

EC 
-Alarm system 

when EC > 3000 
µS/cm 

-Keep the 
sanitation pipe 
system free of 

cracks or fisures 
to prevent 

3 B Low 

-For salinity peaks 
(EC > 2000 µS/cm) 
mix with well water 

before applying 
-Apply soil washes 

-There ir currently no 
treatment in this 

system that removes 
salinity from the 

water, so it’s 
important to control 
the amount and mix 
it with other water 
sources whenever 
possible to avoid 

damaging the crop 
-Notify the 

administration so 
that it can take 

action on the matter 
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saltwater 
intrusion 

-Isolate/ repair 
sections most 
affected by the 

intrusion 

16)Prolonged 
drought 

E. coli 
Pathogens 
and viruses 

EC 
BOD 
TSS 
N, P 

Emerging 
pollutants 

-Climate change 

-Reduced 

availability of 

other water 

sources 

-Overuse of 

conventional 

water sources 

-Lack of 

precipitation 

-More 

concentrated 

tributary, given 

the lack of water 

4 B Moderate 

-Existence of 
drought plans for 
different regions 

-Adjust the 
irrigation so that 

with the least 
amount of water 

possible, the crop 
receives all the 

necessary 
nutrients in the 

required quantity 
-Soil washing 

strategies when 
possible 

-Irrigation method 
that does not 

generate runoff 
 

3 B Low 

-Activation of the 
drought plan 
(Andalusian 

Government) 
-Readjust the 

irrigation to make it 
as efficient as 

possible 
-Activation of all anti-

salinity measures: 
soil washing, 

exhaustive EC 
control, mixing… 
-Reduction/ de-

escalation of 
irrigation allocations, 
prioritizing sectors/ 

crops… 
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The following requirements and obligations have been taken into account for the risk 

assessment, in compliance with Annex II (5)(a)-(n): 

(a) Requirement to reduce and prevent water pollution caused by nitrates, in 

accordance with Directive 91/676/EEC: applicable. Tne pilot area is located 

within a nitrate vulnerable zone (NVZ); therefore, nutrient management and the 

relevant Code of Good Agricultural Practices are considered (fertilisation 

adjusted to crop needs, restrictions near watercourses and during rainfall, and 

prevention of runoff/leaching). 

(b) Obligation for protected areas reserved for water intended for human 

consumption to comply with the requirements of Directiva 98/83/EC: 

applicable (screened). Sensitive receptors include nearby drinking-water 

infrastructure (Wells and reservoirs) and potable-water pipelines. Cross-

contamination is prevented through clear separation and management of 

potable and wastewater/reclaimed water networks and incident response 

mechanisms. 

(c) Requirement to achieve the environmental objectives set out in Directive 

2000/60/EC: applicable (screened). Although the pilot use is irrigation, the 

plan considers protection of surface waters and “no deterioration” principles by 

preventive runoff, controlling hazardous events (e.g., leaks/breaks) and 

activating notification and corrective actions when incidents occur.   

(d) Requirement to prevent groundwater pollution, in accordance with 

Directive 2006/118/EC: applicable. Local hydrogeology includes semi-

permeable materials and groundwater bodies in the vicinity; preventive 

measures focus on avoiding percolation/runoff, controlling salinity and nutrients 

dispersion through precise irrigation management, and implementing corrective 

actions if adverse trends are detected. 

(e) Requirement to comply with environmental quality standards for priority 

substances and other pollutants, as set out in Directive 2008/105/EC: 

aplicable (screened). Priority substances and other pollutants are identified 

and discussed (e.g., PAHs/PCBs and legacy pesticides), and monitoring data 

are used to support environmental protection; where relevant, results are 

screened against applicable standards and trigger further 

investigation/corrective actions.   

(f) Requirement to comply with environmental quality standards for 

pollutants of national concern, namely, the specific pollutants of river 

basins, as set out in Directive 2000/60/EC: applicable 

(screened/conditional). The plan commits to consider basin-specific pollutants 

as defined in the relevant river basin context, particulary for incident scenarios 

that could affect receiving waters (such as prolonged droughts).  

(g) Requirement to comply with the bathing water quality standards 

established in Directive 2006/7/EC: aplicable (screened/conditional). The 

WWTP is located close to the river mouth and the system includes bypasses to 

submarine outfall chambers under specific conditions; therefore, the plan 

includes incident management, communication with competent authorities and 

corrective actions to prevent/mitigate any potential impact on coastal waters.  

(h) Requirements relating to the protection of the environment, and in 

particular of soils, when sewage sludge is used in agriculture pursuant to 
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Directive 86/278/EEC: not applicable to this pilot use. This RMP addressed 

reclaimed-water irrigation; sewage sludge generated at the WWTP is managed 

separately and transported off-site for composting, and it is not part of the pilot’s 

reuse application under this plan. 

(i) Requirements relating to hygiene of foodstuffs, laid down in Regulation 

(EC) No 852/2004, and the guidance provided in the Comission note on 

the guidance to combat microbiological risks in fresh fruit and vegetables 

in primary production through good hygiene: applicable. The plan supports 

hygienic primary production by selecting drip irrigation, limiting contact between 

reclaimed water and the edible portion, implementing operator training and 

signage, and applying preventive/corrective measures to control microbiological 

risks. 

(j) Requirements regarding feed hygiene, established in Regulation (EC) No. 

183/2005: not applicable. The pilot use is not related to feed production or 

handling.  

(k) Requirement to comply with the relevant microbiological criteria 

established in Regulation (EC) No. 2073/2005: applicable (supported 

downstream). compliance is supported through operation at the point of 

compliance under Regulation (EU) 2020/741 (quality class and monitoring 

frequencies) and through preventive/corrective actions in case of 

microbiological exceedances. 

(l) Requirements concerning máximum levels of certain contaminants in 

foodstuffs established in Regulation (EC) No. 1881/2006: applicable. 

Potential chemical hazards relevant to food safety are addressed through 

identification of pollutants and monitoring of water quality, including heavy 

metals and other relevant parameters, with corrective measures if unacceptable 

conditions are detected.  

(m) Requirements relating to máximum residue limits for pesticides in food 

and feed, as set out in Regulation (EC) No. 396/2005: applicable 

(screened). Pesticides are considered among potential hazardous agents; the 

plan applies a screening approach and foresees targeted follow-up/monitoring 

where local agricultural practices or analytical evidence indicate a relevant risk.  

(n) Animal health requirements set out in Regulations (EC) No. 1069/2009 and 

(EU) No. 142/2011: not applicable. The pilot is limited to crop irrigation and 

does not include livestock, animal watering or animal by-product handling. 

 

6.3.Barriers 

It is defined in EU Regulation 2020/741 as: “any means, whether physical or process 

steps or conditions of use, by which a risk of human infection is reduced or avoided by 

preventing contact of reclaimed water with the ingested product and with persons 

directly exposed, or any other means which, for example, reduces the concentration of 

microorganisms in reclaimed water or prevents them from surviving in the ingested 

product”. 

Taking into account the risks associated with the use of reclaimed water, the following 

are the barriers already existing in the reuse system. Note that the entire reuse system 
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is fenced and only authorized personnel are allowed to pass through, thus minimizing 

any risk of exposure to third parties. 

• Algarrobo Wastewater Treatment Plant: 

 -Electrical conductivity control at the plant inlet. 

 -Related to the above, it is programmed that when the conductivity exceeds 

3000 µs/cm, an SMS will be sent to the plant operator's cell phone, as the wastewater 

treatment processes may be affected. 

 -Analysis of raw and treated wastewater. 

 -SMS alert to the mobile phone of WWTP operator when the turbidity at the 

outlet of the secondary treatment excedes 20 NTU. 

 -24-hour operator availability (for emergencies). 

 -Use of personal protective equipment. 

 

• Water Reclamation Plant: 

-Periodic maintenance work to confirm the correct operation of the system. 

-The regeneration system itself is a barrier (filtration + disinfection). 

-Dripper maintenance. 

-Continuous monitoring of critical parameters of reclaimed water and 

maintenance of measuring equipment. 

-Use of personal protective equipment. 

 

• Subtropical crops: 

-Closed conduits of the irrigation system. 

-Mixing of reclaimed water with local well water when conductivity exceeds 

2000 µs/cm, to mitigate the effects of salinity. 

-Implementation of good agricultural practices. 

-Monitoring the condition of the crop: foliage, soil and fruit. 

 

6.4.Additional requirements 

No additional requirements have been found beyond those already mentioned. 
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7.Preventive measures 
Its objetctive is to avoid or minimize the occurrence of hazards associated with the 

production, storage, distribution, and use of reclaimed water. The preventive measures 

at each stage are outlined below. 

 

7.1.Wastewater Treatment Plant (WWTP) 

-Monitoring by the Axaragua internal laboratory of parameters such as SST, COD, 

turbidity, yields... In this way, operational parameters can be adjusted to improve the 

plant efficiency. 

-24-hour operational personnel, so incidents are responded to as quickly as possible. 

-Use of calibrated measuring equipment. 

-Alarm system: WWTP operators receive an SMS message on their phone when 

entrance exceeds 3000 µS/cm. Also when the turbidity at the outlet of the secondary 

clarifiers exceeds 20 NTU. 

-Use of the personal protective equipment and staff training. 

 

7.2.Reclamation Plant 

-The subcontracted laboratory has ENAC accreditation. This is accompanied by 

monitoring of the results provided by the laboratory. 

-Plan of maintenance of tertiary treatment equipment, essential to meet quality 

requirements, especially microbiological ones.  

-Mixing reclaimed water with well water when it is detected that the water level tank 

exceeds 2000 µS/cm, to prevent damage to the crop. The proportion in which it is 

mixed is 50-50%. 

-Use of calibrated measuring equipment. 

-Use of the personal protective equipment and staff training.  

 

7.3.Pilot plot 

-Specialized fertilizer and irrigation plan, taking into account the characteristics of the 

area, the crop and common practices.  

-Crop monitoring: foliar analysis, pest detection, fruit analysis... Part of the monitoring is 

done in situ by agricultural technicians and another part in the laboratory. 

-Soil analysis, to detect variations in the composition and shape of the soil, especially 

in our case to detect if there are salt accumulations. 
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-Soil washing: a practice recommended by the group of agricultural tehnicians to 

prevent soil salinity that affects crop production and health. 

-Training of personnel in contact with reclaimed water. 

-Existence of signage (purple labeling) informing about the use of reclaimed water. 

 

8.Corrective measures 
The objective is to respond effectively when preventive measures fail or monitoring 

results exceed acceptable limits. 

It should be noted that samples of reclaimed water are taking with the frequency 

established by Regulation 2020/741, and the laboratory takes a few days to obtain the 

results, which vary depending on the parameter to be analyzed.  

This means that by the time we know a pararmeter has been exceeded, that water has 

likely already been used. Therefore, until early detection systems are in place, it is 

essential that preventive measures be carried out as rigurously as possible, given the 

limited scope for retrospective correction. 

 

8.1.Wastewater Treatment Plant (WWTP) 

-Review of the entire water line, as well as the latest results obtained from the 

Axaragua internal laboratory, also those from the subcontracted laboratory if any. This 

review should focus on ensuring that all processes are running correctly and detecting 

anomalies if any. 

-If poor wastewater treatment is occurring due to the pressence of filamentous bacteria 

in the biological reactor, sodium hypochlorite will be dosed in the reactor itself at a low 

dosage during the episode. 

-If the quality of the raw wastewater deteriorates, the necessary operational maneuvers 

will be carried out to maintain the process performance (increase retention times, 

reduce or increase recirculation, modify purges...). 

 

8.2.Reclamation Plant 

-If a microbiological overshoot is detected, check the ozonation system and hydrogen 

peroxide for any anomalies. 

-If the overgrowth is physicochemical or nematode, check the filters for deterioration or 

breakage. 

-Perform shock disinfection if the disinfection system fails, to ensure the microbiological 

parameters, dosing it in the regenerated water tank. 
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8.3.Pilot plot 

-Soil washing: if reclaimed water with high salinity is supplied for an extended period, 

shock soil flushing will be necessary to maintain crop health. 

 

9.Quality control systems and procedures 
The reuse system foresees the revision and updating of the systems and procedures 

when necessary, as well as their maintenance.  

The minimum quality requirements for reclaimed water are included in this document, 

as well as the sampling frequencies for each of the parameters, which are mandatory 

for reclaimed water for agricultural irrigation. This will be carried out by the operators of 

the reclamation station. In addition to the mandatory parameters, other water 

compounds are measured: 

-Macronutrients: nitrate, ammonium, chloride, potassium. 

-Micronutrients: sulfur, boron, calcium, magnesium, iron, manganese, zinc, sodium, 

sulfate, bicarbonate, carbonate. 

-Heavy metals: arsenic, beryllium, cadmium, cobalt, chromium, copper, molybdenum, 

nickel, selenium, vanadium. 

 

Validation monitoring shall be performed before a new reclamation facility is put into 

operation. Reclamation facilities that are already in operation and that meet the 

reclaimed water quality requirements set out in Table 2 point (a) on 25 June 2020 shall 

be exempted from that validation monitoring obligation. However, validation monitoring 

shall be performed in all cases where equipment is upgraded, and when new 

equipment or processes are added. 

In accordance with ISO 20426:2018, and the commonly adopted international color 

code for reclaimed water systems, all signage, labels, and pipes conveying reclaimed 

water must be identified in purple (Pantone 522C or equivalent RAL 4001 “Red lilac”). 

This standardized color ensures clear visual differentiation from potable water systems 

and helps prevent accidental human consumption or cross-connection. The consistent 

use of purple labeling is therefore a mandatory safety and communication measure 

within the Water Reuse Risk Management Plan. 

 

10.Coordination mechanisms between the 

parties 
Contact between the different actors of the reuse system will be made preferably by e-

mail and/or telephone.  
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Axaragua will notify Bioazul if, for whatever reason, the quality of the secondary 

treatment output worsens, so that they can take the measures they consider 

appropriate. Likewise, notification will be given if extraordinary maneuvers are carried 

out that also affect water quality. 

For its part, Bioazul, as the operator of the regeneration plant, will lead the 

communication between the parties, providing the scope of the situation. It will also be 

responsible for liaising with health and environmental authorities in the event of any 

incidents and notifications. Common channels are used to share information: email 

thread, shared folder, direct message... Whereas if an incident is directly related to 

another part, notify by telephone. 

 

11.Incident and emergency management 
To manage any incident related to the processes, direct communication will be 

established between the Algarrobo treatment plant and Bioazul, the current operator of 

the reclamation plant, via cell phone and/or e-mail, for immediate action. 

The most urgent event that can occur is a break in the system containing reclaimed 

water, and it becomes exposed, affecting the natural environment and surrounding 

people. To prevent this, we have buoys in the water tanks that send a warning alarm, 

but in the case of pipe breaks, there is no detection posible. It is absolutely necessary 

to inform the regeneration operator in case of exposure of reclaimed water. 

If this occurs, the person who detects the leak of regenerated water, whether Axaragua 

or a third party, must immediately notify Bioazul so that it can isolate the break and 

proceed to repair it.  

Depending on the severity of the affected environment and the amount of reclaimed 

water discharged, the competent authority may require a report reflecting the measures 

we have taken in this regard. 

 

On the other hand, related to the analytical samples, the risk that is most likely to occur 

is non-compliance with the quality requirements of the reclaimed water. This can occur 

due to microbiological failure or physicochemical failure: 

❖ Microbiological incidence: exceedance of E. coli, Legionella spp.  

The most likely cause is an ineffective disinfection process, which leaves live 

pathogens and viruses behind.  

The entire disinfection process must be reviewed: that the correct amount os dosed, 

that there are no blockages, verify the effectiveness of the disinfectant, check the 

dosing equipment... 

A record must be kept of any parameter exceedances that occurred, and what 

measures have been taken to mitigate the consequences. The dates of sampling, 

reception and processing by the laboratory must be included. 
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❖ Physicochemical incidence: TSS, BOD, nematode eggs 

If these exceedances occur (TSS and nematode eggs), it may be because the filtration 

process has failed. In this case, we must check the filtration equipment, looking for 

breaks and/or degradation of the material that indicates that it may allow solids to pass 

through.  

If the non-compliance is due to a deterioration in the quality of the raw water, it should 

be treated with Axaragua; if the situation persists, appropriate masures should be 

taken. 

In the case of nematode eggs, it is crucial to keep filtration systems in good working 

order, as they are the only existing barrier to retain them. The pore size of the filter ring 

is also important, as nematode eggs can masure less than 100 µm (20-80 µm) and 

pass through the filter. These eggs are associated with disolved solids and flocs, to 

which they tend to adhere due to their stickiness. 

In the case of exceeding the BOD limit, there are multiples options, as it indicates 

organic matter that needs to be degraded or eliminated. If this occurs, it’s because 

some process is failing, or the pollutant load of the raw water may be increasing. 

 

 

 

 


