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The Global Water Crisis: Quantity, Quality, and Future Scarcity

While 70% of Earth is covered in water, 97.5% is salty, leaving a tiny fraction for human use. “Clean water scarcity"—accounting for
volume and pollution—now affects 55% of the global population, projected to rise significantly.
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* The exploitation of non-
conventional water resources is a
necessity

* Desalination: is becoming cheaper
due to technological advances
(though, still costly, with high energy
demands and potential
environmental impacts, brine
disposal)

* Water harvesting in dams and
water conveyance through canals,
pipes, or gravity flows

* Groundwater recharge

* The virtual water saving through
food trade

e Wastewater treatment and reuse

Beyond the Well: Non-Conventional Solutions for Global Water Scarcity

By 2025, 60% of the global population may face water scarcity. As conventional freshwater resources fail to meet demand—especially in agriculture,
which uses 75-90% of available water—countries must adopt non-conventional resources and innovative transportation strategies.

NON-CONVENTIONAL WATER RESOURCES GLOBAL AUGMENTATION OPPORTUNITIES
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 Reclaimed water: The untapped resource

The UN states that wastewater is not merely an
alternative water source but a critical component
of water security, food security, climate
adaptation, and the circular economy, crucial
for reaching SDGs

Over 80% of global wastewater is discharged untreated, particularly
in low- and middle-income countries.

Limited wastewater treatment and reuse infrastructure, (2-15 %
depending on regions)

High capital, operational, and energy costs

Concerns over contaminants of emerging concern (CECs),
pathogens, antibiotic resistance determinants (ARDs), salinity, and
public health risks

Fragmented regulations, inconsistent water quality standards, and
inadequate risk-management frameworks hinder large-scale
adoption.

Low public awareness and limited social acceptance ("yuck factor")
Wastewater is still widely perceived as a waste product rather than

a valuable source of water, nutrients, energy, and other recoverable
resources, slowing the transition toward a circular economy.
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Fig.1| Annual volume and percentage of TW reused directly forirrigation.
Global direct reuse of TW (with no or little dilution with freshwater) for irrigation
varies among continents. Direct application for irrigationis highestin Asiaona
continental level, and on regional levels, it isa prevalent practice in countries in
Middle East and North Africa, Australia, the Mediterranean region, Mexico, China

and the USA. The direct reuse of TW for irrigation is influenced by local water
scarcity, availability of treatmentinfrastructure, presence and enforcement of
regulatory measures, and economic motivations. Data for the figure are from
refs, 44,46,



Reuse of reclaimed water
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Global Success Stories: Turning Wastewater into Agricultural Gold

Demonstrating how leading nations integrate treated wastewater (TW) reuse into agriculture to combat water scarcity and build climate resilience.
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Figure 2. Worst seasonal water scarcity conditions for European countries in 2023, measured by
the water exploitation index plus (WEI+)
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Governmental Water Works-Irrigation Water Sources
(1991 - 2024)
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Agricultural benefits

*|rrigates nearly 20% of all irrigated agricultural
land

*Yield increases reported for several crops
*Improved resilience during drought periods
*Enhance food security



* The road for turning wastewater

to irrigation water supporting

agricultural hotspots areas

a Acentralized, urban WWTP

400 km? of urban
wastewater is
generated
globally per year,
equivalent to -15%
of current Urban wastewater

irrigation needs

b Adecentralized, rural WWTP
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Only a small proportion of TW
is currently being reused in
agriculture

Adopted from: Christou, A., Beretsou, V.G., lakovides, I.C. et al. Sustainable wastewater reuse for agriculture. Nat Rev Earth Environ 5, 504-

521 (2024). https://doi.org/10.1038/s43017-024-00560-y
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* The road for turning wastewater
to irrigation water supporting
agricultural hotspots areas
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Legislation

Reclaimed Water reuse in Cyprus is regulated by:

e The Water Pollution Control Laws, 106(1)/2002 to 2013
* The Water Pollution Control (Discharge of Urban Wastewater) Regulations of 2003, No. 772/2003
e The Code of Good Agricultural Practice Decree, No. 283/2023
¢ Integrated Water Management Laws of 2010, 79(1)/2010

e Regulation (EU) 2020/741 of the European Parliament and of the Council on minimum
requirements for water reuse

Irrigation practices

Irrigation for grass, green
areas with limited use, and
forage crops

Irrigation conditions for
grass, green spaces with
free use

Vineyard

Tree crops

Vegetables that are cooked
before consumption

Safety precautions for the proper use of water

The use is prohibited by unauthorized persons
Marking pipes with red line

Clear signaling to alert the public that the water is undrinkable

Hydrants and distribution system should have protection and always be in good operational condition

Methods of irrigation

roundwater irrigation,

. riﬁpers, low-capacity sprinklers,
surfa

ce irrigatiun,

= high-capacity sprinklers - 300 m buffer

Z0ne

subsurface drip irrigation,

low angle Pop-up sprinklers (<15°)
irrigation during night

{no wind)

drip irrigation

micro sprinkler

drip irrigation
Micro sprinkler

sub surface drip irrigation, sprinkler
irrigation
drip irrigation

Recommendations

hJ ﬁullivated forage, irrigation stops at least one week before
arvest
¥ cultivated forage for grazing, dairy animals are not permitted.

+ Where drops comes with contact with fruit, irrigation must stop
two weeks before harvest
+ Collection of fruit from the ground should be avoided

The collection of fruit from the ground is prohibited exceptin
cases of nuts.

Where irrigation drops comes in contact with fruit , irrigation must
stop at least a week before harvest.

Tertiary treated
wastewater can be
applied for the
irrigation of all crops,
except leafy
vegetables and tubers

and bulbs eaten raw
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The role of From Research to Policy: Building Sustainable Reclaimed Water Reuse
Research Research enables:

Advanced treatment technologies n
= Understanding contaminant fate in agroecosystems
& Assessment of crop uptake and metabolism of CECs — Addressing challenges
4« Monitoring antimicrobial resistance dissemination

1l Long-term field validation and One Health risk assessment _

— Evidence-based regulations and public confidence

Zs Circular economy and resource recovery

Real field experiments, field surveys, lysimeters experiments, controlling greenhouse mesocosms experiments
” SR —" s S




A. Christou et al. Environmental Research 170 (2019) 422-432

Environmental factors affecting the potential for CECs' uptake by plants

+ -
high temperature “ low temperature
factors affecting high wind speed “ calm wind - low wind speed
evapotranspirati low air humudity - high air humitidy
on hot and dry agricultural areas “ cold continental agricultural areas
adequate soil moisture “ drought
,.7 Plant physiology parameters affecting the potential for CECs' uptake by plants
+ -
, a & plant genotype (genus and specics)-leafy vegetables <~ crops with small root ststem/succulent plants
*V X growing season during summer growing season during the rainy period
( factorsla:f;ectmg healthy plants (non-stressed plants) “ stressed plants
\ P high plant evapotranspiration (high Kc values) <« low plant evapotranspiration (low Kc values)
cevaporation rate : BN i I :
high net irrigation requirements B low net irrigation reguirements
l Roots low lipid content in roots “ high lipid content in roots

Aerial \

parts of Soil properties affecting the potential for CECs' uptake by plants

plant + .

\ low levels of SOM - high levels of SOM
: sandy soils - clay soils
Soil sandy soils “r loamy soils
acidic pH (pH<pKa of CEC) - basic pH (pH> pKa of CEC)
aerated soils (aerobic conditions) < waterlogged soils (anaerobic conditions)

Fig. 1. The potential for uptake by and accumulation of CECs within the edible parts of crop plants is affected by a plethora of parameters, including plant physiology
parameters, soil properties, and environmental conditions and perturbations. + and - indicates the factors that increase or decrease the potential for CECs uptake by
crop plants, respectively.

highest potential for uptake
by plants

lowest potential for uptake
by plants

Crop Species

celery

spinach

lettuce
cabbage
carrots

radish
late-season potatoes
spring potatoes
mid-season potatoes
cucumber
green beans
okra

marrows
tomatoes
watermelons
melons

pepper
eggplant

maize

alfalfa

peanuts
haricot beans
wheat

barley

bananas
walnut

citrus and avocado
fruit trees
pistachio

table olives
almonds

table grapes

Fig. 2. Heat map showing the potential of the main crop species for CECs up-
take. The highest potential for uptake is indicated with dark red; the lowest

potential with dark green.



Impact of the wastewater treatment technology and storage on micropollutant profiles, microbiota, mobile genetic
element and antibiotic resistance markers during reclaimed water irrigation in a water-soil-lettuce-leachate system

Highlights

* MBR-RW generally showed lower analyte levels than
CAS+SFC-RW.

* Treatment trains defined the reclaimed water
microbial community structures.

* Storage mitigated the reclaimed water health risk
marker profiles.

* Micropollutant detection in RW does not ensure
presence in soil or lettuce.

* only 13 micropollutants were detected in lettuce

* Reclaimed water type significantly affected the upper
soil layer microbial communities.

* Soildepth reduces micropollutant levels.
Leachate shows micropollutants may leach through

CAS+SFC-RW irrigated lettuce MBR-RW irrigated lettuce SXTR39 Togt6Tntsis
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WHAT’s NEXT

Investigating the environmental fate of micro/nano-plastics and PFAS in reclaimed water-irrigated agroecosystems

Unmasking the Threat of Microplastics in Wastewater

Microplastic Pollution from Wastewater The 'Trojan Horse' Effect

Advanced wastewater Advanced Treatment Microplastics shield Microplastics did not act
treatment is highly effective antibiotic-resistant bacteria as significant carriers for key
at removing microplastics. from UV disinfection. pharmaceuticals. fLo

A plant using Membrane Bioreactor
(MBR) howed no d d
.'0 microplastics in its effluent.

w Microplastic SO
/ Sulfamethoxazole

\"‘Q,\‘ Shieid

A"
Carbamazepine

Microplastics did not act as
significant carriers for key
pharmaceuticals.

Lab tests showed no sorption of the
Bacteria attached to micro- antibiotic sulfamethoxazole or the
plastics showed significantly drug carbamazepine.
slower inactivation, reducing
treatment effectiveness.

Microplastics provide a surface

P\[C is the _dominan‘t . for biofilm formation.
microplastic found in conventional oo Hoamilidie
wastewater effluent. it gl e ;
PVC was detected in water.
PVC in all samples from a
conventional plant, with
Dominant concentrations up
Microplastic 1010.0 pg/L.

PVC microplastics were detected

in agricultural soils irrigated with Microplastics provide a

treated wastewater. ljurfa_ce ft;ir l:loﬁl';n.m
This suggests a pathway for plastic plaac;;;? rea !z'ngol::ltsp:w Tosr on X
accumulation in agricultural land via water reuse. microbi;luaeactiuvity sy \ : “
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