
From waste to sustainable resource

FCUP, Portugal

July 4th, 2025

Bruno Sousa, Cristiano Soares and Fernanda Fidalgo



PRESENTATION PLACE

PRESENTATION DATE

“There’s one issue that will define the contours of this century more dramatically than any other, and that is the 
urgent and growing threat of a changing climate.” 

@Barack Obama – United Nations Climate Change Summit (2014)

Projected temperature increase for the Mediterranean region (IPCC 2021)



…but can agriculture cope under the present climatic instability?

As population increases, food production must DOUBLE by 2050 to ensure human needs…

DROUGHT

HEAT



DROUGHT
“The Mediterranean is the most susceptible region
in Europe to soil degradation and desertification”

(Ferreira et al., 2022)

…but can agriculture cope under the present climatic instability?

As population increases, food production must DOUBLE by 2050 to ensure human needs…

HEAT

SALINITY



“70-90% of the water in the world is reportedly utilized for agriculture, with ~ 70% of the 
water being sourced from freshwater sources, including rivers and groundwater”

Wastewater 
Treatment

Reduces water abstraction –
relieving demand for freshwater 
resources 

Reduces water pollution – lower 
discharge of effluent into water bodies

Higher content of organic 
carbon/matter than groundwater

Higher nutrient content



This promoted 
agriculture but 

later became an 
environmental and 

health issue.

The use of wastewater for irrigation dates back several decades. 

In the early 20th century, cities in Europe were using wastewater for irrigation (sewage farms). 



Most of the negative environmental impacts were associated with secondary treated wastewater. This is so 
because, secondary effluent has higher nutrients, salts and other contaminants than tertiary effluent.
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Case studies of successful implementation of treated wastewater for agricultural practices
Old soil + 

Wastewater
Virgin soil + 
Wastewater

Virgin soil + 
Groundwater

Use of treated wastewater + 50% NPK is more effective than the 
use of the recommended (100%) NPK dosage

• Increased plant biomass, chlorophyll, leaf area
• Increased gross energy
• Improved NPK content in plants, as well as other minerals



Case studies of successful implementation of treated wastewater for agricultural practices

Studies show a 45-90% lower dependency on chemical fertilizers 
in various plant species

280€/ha in savings, using wastewater irrigation on tomato 
cultivation

DRAWBACKS?

Old soil + 
Wastewater

Virgin soil + 
Wastewater

Virgin soil + 
Groundwater



Source of macro and micronutrients important for plant growth and development

Possibly contribute for soil salinization and contamination, impacting crop growth



Lower porosity and increased salts accumulation overtime
Lower hydraulic conductivity, sorptivity and cumulative infiltration

Several studies research the impacts on soil structure over long periods, but results were not always positive

Associated with:
• Accumulation of sodium and bicarbonates
• Increased pH
• Dissolution of organic matter

Increased microbial activity (although there are exceptions)
• Higher dehydrogenase, urease, protease, β-glucosidase, and alkaline phosphatase activities
• Increased microbial abundance
• Higher release of growth regulators
• Possibly associated with higher carbon and mineral content of wastewater

HOW TO ACHIEVE A BALANCE?
• What kind of treatments should be done?
• What analyses should be carried out to ensure no drawbacks?
• How to implement this strategy as a long-term net gain?







Oxidative
stress 

markers

Mineral 
analysis

Soil
analysis

Chlorophylls

and protein
Lettuce

(Lactuca sativa L.)

Maize

(Zea mays L.)

TWO PLANT MODELS

Biometry

EVALUATIONSTREATMENTS

Tap water as control

Effluent after secondary 

treatment 

Effluent after 

tertiary/quaternary 

treatment 



The priority of wastewater irrigation should be water 
recovery and not nutrient supply

Public perception around the safety of wastewater use for 
irrigation needs to change

Implementation of increasingly efficient advanced 
treatments is key

Large scale pilot testing and field validation

The high cost of transporting treated wastewater 
can be an issue

- Provide useful information on potential challenges, 
environmental and health impacts

- Assess the economic feasibility

- Sitting future wastewater treatment plants 
closer to arable lands
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