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VALORIZATION OF URBAN WASTEWATER IN AGRICULTURE

Bruno Sousa, Cristiano Soares and Fernanda Fidalgo
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@ CLIMATE CHANGE
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“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)
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@ CLIMATE CHANGE

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

...but can agriculture cope under the present climatic instability?

HEAT

RESPONSE OF THE CLIMATE SYSTEM RELATIVE TO 1850-1900

Many aspects of the climate system react quickly to temperature changes.
At progressively higher levels of global warming there are greater consequences
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@ CLIMATE CHANGE

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

HEAT

RESPONSE OF THE CLIMATE SYSTEM RELATIVE TO 1850-1900
= Many aspects of the climate system react quickly to temperature changes.
At progressively higher levels of global warming there are greater consequences

..but can agriculture cope under the present climatic instability?

Saline and Sodic Soils in European Union
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1% WASTEWATER MANAGEMENT

| “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” ‘ p

GLEAN WATER
AND SANITATION

o6

FROM WASTE TO RESOURCE

Wastewater
Treatment

Reduces water abstraction -
relieving demand for freshwater
resources

TARGET 6-3

Reduces water pollution - lower
discharge of effluent into water bodies

e — R
ﬁﬁ%;ﬁdffmi’fg”’ @ Higher content of organic
7/ carbon/matter than groundwater
WASTEWATER TREATMENT PLANT QQ;QB . .

IMPROVE WATER (Water Resource Recovery Facility) N+t Higher nutrient content

QUALITY, WASTEWATER =2 i

TREATMENT AND SAFE &2 m % . EUROPEAN

REUSE A = e GREEN

DEAL



1% WASTEWATER MANAGEMENT

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).

This promoted
agriculture but
later became an
environmental and
health issue.
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1% WASTEWATER MANAGEMENT

«—— Primary > Secondary > Advanced
[ ARG Removal: 0.1-0.6 logs | [ ARG Removal: 1-2 logs ] [ ARG Removal: 0-6 logs )

v

Chlorination

Ultravielet

Advanced oxidation

Biofilm process

|
|
Ozonation |
|

Sedimentation
basin

| Activated wetlands

sludge

sedimentation

“ Constructed —- t
Secondary d Emil

Membrane
Bioreactor

Sludge processing

Most of the negative environmental impacts were associated with secondary treated wastewater. This is so
oLTe:IIL-Msecondary effluent has higher nutrients, salts and other contaminants than tertiary effluentf
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1% WHERE SHOULD WE LOOK AT?

PUBLIC HEALTH
ECONOMICS
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1% SOME PRACTICAL EXAMPLES

| Case studies of successful implementation of treated wastewater for agricultural practices

Old soil + Virgin soil + Virgin soil +
Wastewater Wastewater Groundwater

®Leaf Area/ Plant  ® Total Chlorophyll @ Total biomass’ ha 60

A

Leal Area Plant ™! (em®)
w Z B 2 OB T % &
- 2 F B E B §E B E %

. agronomy ﬁw\n\ry energies @@

Article

Impacts of Long- and Short-Term of Irrigation with Treated
Wastewater and Synthetic Fertilizers on the Growth, Biomass,
Heavy Metal Content, and Energy Traits of Three Potential
Bioenergy Crops in Arid Regions

Article

Integrative Effects of Treated Wastewater and Synthetic
Fertilizers on Productivity, Energy Characteristics, and Elements
Uptake of Potential Energy Crops in an Arid Agro-Ecosystem

Nasser Al-Suhaibani !, Mahmoud E. Seleiman 1-2*{, Salah El-Hendawy 13(), Kamel Abdella !, Majed Alotaibi !

Mahmoud F. Seleiman 1-2*{), Nasser Al-Suhaibani !, Salah El-Hendawy 13(3, Kamel Abdella !, Majed Alotaibi 1
and Ali Alderfasi !

and Ali Alderfasi !

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

* Increased plant biomass, chlorophyll, leaf area
* Increasedgross energy
* Improved NPK contentin plants, as well as other minerals




1% SOME PRACTICAL EXAMPLES

| Case studies of successful implementation of treated wastewater for agricultural practices

Old soil + Virgin soil + Virgin soil +
Wastewater Wastewater Groundwater

®Leaf Area/ Plant  ® Total Chlorophyll @ Total biomass’ ha 60

A

Studies show a 49=90% lower dependency on chemical fertilizers

in various plant SpeC|e\s/
BLEENALE
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w Z B 2 OB T % &
- 2 F B E B §E B E %

280€/hain savings, using wastewater irrigation on tomato
cultivation

~@
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i Contents lists available at ScienceDirect
' ] Journal of Environmental Management
}[ Sl—\'[[{ journal homepage: www.elsevier.com/locate/jenvman

§
Contents lists available at ScienceDirect

Industrial Crops and Products

journal homepage: www.elsevier.com/locate/indcrop

Effect of irrigation with treated wastewater on soil chemical @Cmmm
properties and infiltration rate

.. L. . . . Saida Bedbabis **, Béchir Ben Rouina ®, Makki Boukhris®, Giuseppe Ferrara*“
Effects of treated municipal wastewater irrigation on soil properties, @Cmsm

switchgrass biomass production and quality under arid climate
Table 1

Girisha Ganjegunte®*, April Ulery®, Genhua Niu?, Yanqi Wu* . .. . . .
Jeg P v q Chemical characteristics of the irrigation waters used in the experiment.

Characteristics Ww TWW Tunisian limits
Table 2 nH 705 1 010 760+ 011 6.50—8.50
Selected chemical properties of the irrigation waters used in the study. l EC(dSm ') 470 + 0.02 630 + 0.03 | 7.00
TDS (gL 1) 151 + 0.02 1.82 + 0.01 2.00
Parameters Tap water Treated Wastewater HCO, (me 11 28850 + 0.3 370.00 +.0.20 600.00
- = S0%- L! 87.50 + 0.8 . . 1000
|__Electrical Conductivity EC. (dSm~") 14404 26£03 | N mt;ln(l;g LL) e 58.80 + 1.20 30,00
pH 71404 73+04 N—NO3 (mg L) 1.11 £ 0.01 15.90 + 0.05
SAR (mmol!2 [-112) 441 93104 N-NH; (mg L) 224 + 001 37.90 + 0.01
Ca(mgL") 54421 66+10 lf;':l‘:Olz‘ (mgL};‘) g-gg i g-(ﬁ 5.00 £ 0.01 0.0
1 otal (m . . . A .
Mg (mgl_) 1324 IVELUES K" (mgL ) 30.00 - 0.09 38004002 50.00
Na(mgL~') 127 £14 328414 | Na' (mgL ') 355.00 + 0.01 47000 £ 002 | 300.00
K(mgL-") 12+2 32+5 Cl- (mgL! 1580 + 0.04 1999.00 + 0.04 600.00
B(mgL-1) 0.08+0.10 0.26+0.13 Ca , (mg L’_l) 184.50 = 0.01 95.80 + 0.03
Cl(mgl ) 164+ 93 465122 e (EnmggLL,, )) JPeR000T - S0
NH, (mgL~") - 3.86+2.39 cd® (mg L 1) 0 20,004 0.005
NO; (mgL-1) 6+3 18.1+5.1 Zn** (mg L) 0.10 + 0.01 0.42 + 0.01 5.00
SO4 (mgL1) 101451 201433 Mn?* (mg L) 0.19 + 0.01 0.50 £ 0.01
BOD 5 (mg ! ) _ 3224+ 0.86 SM(mgL 1) 430 + 0.02 13.40 + 0.03
. _ COD (mg L) 0 73.00 £ 0.11 90.00
Fecal Coliform (CFU/100 mL) 3.29+262 BOD (mg L) 0 92.00 £ 0,04 30,00

Data represents mean values + standard deviation.
EC: electrical conductivity; TDS: total dissolved solids; SM: suspended matter; COD:

. V Source of macro and micronutrients important for plant growth and development chemical oxygen demand; BOD: biological oxygen demand; WW: well water;

TWW: treated wastewater.

. x Possibly contribute for soil salinization and contamination, impacting crop growth



1% SOIL STRUCTURE AND MICROBIOME

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

® X

@.

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

\ Associated with:

Accumulation of sodium and bicarbonates
=% + |ncreased pH
* Dissolution of organic matter

Increased microbial activity

Higher dehydrogenase, urease, protease, 3-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?
* Howtoimplementthis strategy as a long-term net gain?
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\ MAIN TOPICS ADDRESSED

How do plants coordinate their metabolism in response to stresses?

What are the main consequences of plant exposure to stressful conditions?

Q To explore redox homeostasis and antioxidant metabolism

To develop new efficient tools to enhance plant stress tolerance

The study of PLANT STRESS PHYSIOLOGY, with particular interest in exploring the
ENVIRONMENTAL IMPACTS in PLANT STRESS RESILIENCE



) OUR PARTICIPATION IN THE CONSORTIUM OF =&:-0lue,

TREATMENTS TWO PLANT MODELS EVALUATIONS

Biometry
Tap water as control
Effluent after secondary
treatment Oxidative
stress Mineral
Effluent after markers analysis
tertiary/quaternary
treatment
Soil Chlorophylis
analysis and protein

Maize Lettuce
(Zea mays L.) (Lactuca sativa L))



% OUTLOOK AND FUTURE DIRECTIONS

Parcaption

Goals

Outcomes

T°<|13¥

FIOIE-O

A source of pollution that neads to ba
treated and disposed of

Traat and dispose | | Energy Intanshe

( @1
\ .\\I_\h ) )

GHG amitter

Prasent-day WWTPs

« Blological treatmant

+ Physical and chemical treatment
+ Disinfectlon

+ Sludge managament

Wastewatar m
treatmeant T |
plant i i -

| l |

¥
L
Treated  pporgy  Blosolids
wastewater

A massive untapped resource of water, enargy, nutriants
and othear products for sustalnable development

Essantlal nutrient recovery (43.7, 7.8
and ESmg N, PKLIn
wastewater, raspectively)

Water for agriculture

- on
Embedded energy 9-10 SE
times higher than the -
anergy requirements © O® FEnergy

for treatment o recOvery

Futura WWTFs

« ENErgy recovery

+ Uitilization of green energy

« Enhanced treatment
efflclency

« Matarlal recovery

Paad Il!!! -||l

« Nutrients and/or
miaterials recovery

« Santinel of public haalth

+ Smart monitorng and
cantrol systams

Waste resource g
recovary facility .___ __-'
'i
.
Reclaimed enorgy  Blosolids  Nutrlents
watar andyor

matarials

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

- Provide useful information on potential challenges,
environmental and health impacts
- Assess the economic feasibility

The high cost of transporting treated wastewater
can be anissue

- Sitting future wastewater treatment plants
closer to arable lands
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