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OUTLINE

-Agricultural use of regenerated water
-Chemicals present, crop uptake, and risk associated
-Soil contamination
-Presence of MPs. Standardization?
-Effect of MPS in crops
-Are MPs a Troy Horse?
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• Climate change
• Intensive 

agriculture      
• Urban 

development

• Availability
• Quality

Water is a limited resource in the world  
A quarter of the world's population experiencing water stress

Introduction

• Low Environmental Impact
• Environmental, economic and social benefits

https://www.statista.com/statistics/report-content/statistic/1097524


Amadeo R. Fernández-Alba

Reclaimed 
water from 
WWTPs in %

Source: The United Nations World Water Development Report 2017
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In Europe, water reuse is a top priority area in the 
Strategic Implementation Plan of the European 

Innovation Partnership on Water. 

Spatial distribution of 
water stress/water reuse 

in Europe
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Jaramillo, M. F.; Restrepo, I. 
Wastewater reuse in agriculture: a 
review about its limitations and 
benefits. Sustainability 2017, 9, 
1734.
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• Water Framework Directive (WFD) - Directive 2013/39 & Commission Implementation Decision (EU) 
2018/840

• Urban WasteWater Treatment Directive – 91/271/EEC 

QUALITY REQUIREMENTS

Type

Crop category Irrigation method
Indicative 

technology 
target

E. coli
(cfu/1
00 ml)

BOD5
(mg/l)

TSS
(mg/l)

Turb
idity
(NT
U)

A All food crops, including 
root crops consumed raw 
and food crops where 
the edible part is in direct 
contact with reclaimed 
water

All irrigation 
methods

Secondary 
treatment, 
filtration, and
disinfection

≤10 ≤10 ≤10 ≤5

B Food crops consumed 
raw where the edible 
part is produced above 
ground and is not in 
direct contact with 
reclaimed water, 
processed food crops 
and non-food crops 
including crops to feed 
milk- or meat-producing 
animals

All irrigation 
methods

Secondary 
treatment, and 
disinfection

≤100

Accord
ing to 

Council 
Directi

ve 
91/271
/EEC1

Accor
ding 
to 

Counc
il 

Direct
ive 

91/27
1/EEC

1

-

C Drip irrigation 
only

≤1,00
0

-

D Industrial, energy, and 
seeded crops

All irrigation 
methods

≤10,0
00

-

EU Regulation on minimum requirements for water reuse

…..creating commercial difficulties

Regulation (EU) 2020/741
Minimum requirements for treated urban 

water reuse for agricultural irrigation
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Bibliographic data research & OBJECTIVE

To date, most of them have been carried out in the laboratory (unrealistic agricultural conditions),
or in field trials at concentration levels higher than those expected in reclaimed water

The long-term impact on crops permanently 
irrigated with reclaimed water under real agronomic 

conditions evaluating the plant uptake & soil 
accumulation of CECs
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ALMERIA

Pilot studies under real agronomic conditions

The reclaimed water were provided from the General
Community of Users of Waters of Almería (CGUAL)

• Regulation (EU) 2020/741
• Directive 2013/39/EU
• Directive 91/271/EEC

Crops grown in greenhouses managed by CGUAL´s 
farmers of Almeria

• 22 irrigation water samples (taken weekly)
• 8 vegetables (cucumber, tomato, pepper and zucchini)
• 8 soil samples

From September 2021 to May 2022
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Extraction methods

García Valverde  et al. 2021. Sci. 
Total Environ. 782, 146759; 

Martinez Bueno, et al. 2022. Sci. 
Total Environ. 806, 150909.

4 g MgSO4 anh. + 1 g NaCl4 + 1 g Na3Citrate·2H2O + 0,5 g Na2HCitrate·1,5H2O

Take 5 mL aliquot 

Shake 30 second/Vortex

750 mg MgSO4 anh.  +125 mg C18

Centrifugue 5 min 3500 r.p.m.

Shake automatically 6 min

10 mL AcN (0.5% v/v, formic acid) + 10 µL IS

Shake automatically 6 min

Centrifugue 5 min 3500 r.p.m.

+ 5 mL MiliQ-H2O

LC-QqQ-MS/MS Analysis

10 g of sample

Centrifugue 5 min 3500 r.p.m.
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MS & ionization settings Chromatographic separation
Zorbax Eclipse Plus C8 (1.8 μm × 2.1 mm × 100 mm)

Mobile phases
(A) H2O + 0.1% formic acid
(B) AcN

Gradient program
Flow rate: 0,3 mL/min

• 0 – 0,5 min, 10 % (B) isocrático
• 0,5 – 11,5 min, 10 % to 100 % (B)
• 11,5 – 15,5 min, 100 % (B)

- MRM in mode ESI (+/-) 
- Ionspray voltages: 5000 (+) / −4500 (-)
- Injection volume: 5 µL
- Curtain gas: 20 (arbitrary units)
- GS1: 50 psi 
- GS2: 40 psi
- Tª: 500 °C 

11
11

Analytical workflow

Sciex Exion HPLC

Sciex 6500+ TripleQuand-LC-MS/MS 
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Target compound

Target compounds (293) 
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Results
CECs in

reclaimed water

Average total load (ppb)
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Average total load (ppb)Results
CECs in

soil samples
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Results – CECs in vegetables samples

0,9

Average Total Load (ppb)

0,6

0,3

Anticonvulsants 

Anesthesic

StimulantTotal concentration levels < 10 µg/kg in all cases  

The daily human intake was estimated by multiplying the concentration measured in the edible part of the crop (ug/Kg in f.w.) and the daily consumption per capita of fresh 
vegetables (Kg f.w/day). Considering the worst cases: the highest detected concentration and a daily consumption of 100  g f.w 

Caffeine Carbamazepine Lidocaine

Bioconcentration factor (BCF) 0,06 0,44 0,73

Human Exposure (µg) - Daily 
Consumption 0,16 0,17 0,05
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Results – CECs SUMMARY
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Total load (ppb) PPCPs Pesticides

- None of them was 
detected in the vegetables 
irrigated with that water

- Clarithromycin was 
accumulated in agricultural 
soil.
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4321

Sample collection & 
extraction

Microscopy & 
FT-IR Analysis 

MPs

Sample collection & 
extraction

Microscopy & 
FT-IR Analysis 

Total Flow = 30 L reclaimed water by triplicate
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Results – FIBRES in reclaimed water used to crop irrigation
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PE: Polyethylene; PET: Polyethylene terephthalate; PTEF: Polytetrafluoroethylene; PVC: Polyvinyl chloride; PP: Polypropylene;
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Results – FRAGMENTS in reclaimed water used to crop irrigation

PE: Polyethylene; PET: Polyethylene terephthalate; PTEF: Polytetrafluoroethylene; PVC: Polyvinyl chloride; PP: Polypropylene;
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Results – FILMS in reclaimed water used to crop irrigation

PE: Polyethylene; PET: Polyethylene terephthalate; PTEF: Polytetrafluoroethylene; PVC: Polyvinyl chloride; PP: Polypropylene;
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Sources: UNEP 2021, adpated from Jambeck et al. 2018, Plastics Europe 2019; Geyer 2020 

LLDPE linear low-density polyethylene

10 % Other polymers

6 %   PS polystyrene

7 %   PUR Polyurethane

17 % PP polypropylene

9 %   PVC polyvinyl chloride

14 %  PPA polyphthalamide

16 %  LDPE low-density polyethylene

13 % HDPE highdensity polyethylene

8 %   PET polyethylene terephthalate

By polymer type

Industrial machinery
4 %   Electrical 

7 %  Transports 

10 % Consumer products

12 % Others

14 %  Textiles 

16 %  Building & 
           Construction 

36 %  Packaging

The Global Plastic Production

By sector

Industrial
production
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Results – Area, Roundness & Total amount

Sample 1 Sample 2 Sample 3
Fibres Fragments Films Fibres Fragments Films Fibres Fragments Films

Average área                    
(µm2) 

29.09.23 4,51E+03 6,94E+03 - 6,48E+03 2,64E+04 - 1,33E+04 1,32E+04 -

14.09.23 7,03E+03 1,94E+04 6,59E+04 5,05E+03 2,70E+04 2,07E+04 6,50E+03 2,82E+04 -

Roundness 
(µm) 

29.09.23 <0,1 0,2 - <0,1 0,1 - <0,1 0,1 -

14.09.23 0,1 0,2 <0,1 0,1 0,3 <0,1 0,1 0,2 -

Total amount                           
(µm2/Litre)

29.09.23 26.154 12.518 130.725

14.09.23 62.158 165.446 19.591

Concentration
(mg/L - ppt)

29.09.23 2,1E-03 (< 1 ppt) 2,0E-03 (< 1 ppt) 1,5E-02 (< 1 ppt)

14.09.23 1,9E-03 (< 1 ppt) 1,3E-02 (< 1 ppt) 1,1E-03 (< 1 ppt)

Ultra-filtration Reclaimed water
Total Flow = 30 L reclaimed water by triplicate
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“Balsa del Sapo”

Total Flow = 900 L / 25 min
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Results
DRONE SAMPLER for atmosphere (100 m)
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Results
DRONE SAMPLER for atmosphere (100 m)

“Balsa del Sapo” Greenhouse

Fibres Fragments Films Fibres Fragments Films

Average área                    
(µm2) 4,76E+03 2,42E+03 2,45E+04 5,29E+03 2,73E+03 3,90E+03

Roundness 
(µm) 0,2 0,4 <0,1 0,1 0,5 0,1

Total amount                           
(µm2/m3) 1,5E+05 (2,4E+04) 1,6E+05 (4,5E+04) 

Total Flow = 900 L / 25 min Total Flow = 900 L / 25 min
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Total amount of MPs (µm2/m3) 
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STUDY OF 
THE EFFECTS
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Uptake of PS Nanoplastics by plants
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Uptake of PS nanoplastics by plants
Confocal fluorescence microscopy



Amadeo R. Fernández-Alba

Exposure: 
polystyrene nanospheres

particle size 100 nm

Uptake of PS 
nanoplastics

by plants
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Capsicum annuum

Exposure: polystyrene nanospheres
particle sizes: 200 nm - 500 nm

concentrations: 300 ppb – 50 ppm

15 days exposure

Uptake of PS 
nanoplastics

by plants
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CONCLUSIONS 

• -Agricultural use of regenerated water
• -Chemicals present, crop uptake, and risk 
associated
• -Soil contamination
• -Presence of MPs. Standarization?
• -Effect of MPS in cops
• -Are MPs a Troy Horse?
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