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 OUTLINE

 Emerging Contaminants  at  Global scale , Surface and 
 Groundwaters  and  New Threats : 
 Chemicals: Pharmaceutical, Pesticides, Personal Care 

Products.PFAs, DBPs ,….
 Antibiotic Resistance Genes (+ virus , Covid-19?)
 Microplastics (MPs)-before and after Covid-19

 Remediation: Water treatment options (+covid-19 
related)

 Challenges and solutions
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•  EVROTAS, AGIGE, SAVA)  and sampling sites.
• Emerging Contaminants (PESTICIDES, POPs,PPCPs.. 
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Global study of 
Pharmaceuticals in 
rivers, PNAS 2022
A.Boxall et al, University of York, UK
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Prioritization of 
Micropollutants at global 
scale
Pedro Alvarez et al, ES&T ,2022
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METAGENOMIC TOOLS APPLIED TO WWTPs (+ LC/HRMS + 
CHEMOMETRICS)
•  PCLD-(Polymer-passive sampler) microbial communities  

responsible of  the degradation
•   Microbial communities identified  in each step of (WWTPs), 

different conditions, inlet, secondary treatment, 
denitrification  (INput, AERobic, and ANAerobic tanks).

WWTP as a pathway for aquatic contamination
Genomic tools + HRMS+ Chemometrics
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Abs , ARGs Bath/Bristol, JHM 2022
Population size drives BCI  burden
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Location from which samples tested for antibiotic resistance
Location from which samples tested for SARS-CoV-2 genes

WBE can  definitely help in city zonation for effective COVID-19 pandemic 
preparedness powered by early warning !!
What about effects of population density and condition of sewer systems?
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(Slide title)
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MPs-general
─ Macro-Plastics(>2.5 cm),Meso-P (2.5cm-5mm), Micro-P (micro-5mm) 

Nano-P (1-100 nm)
─ Plastikos(Greek)- shaped in various systems 
─ WWTPs, 1.4 x 1015 MPs/year, untreated 3.8x1016 MPs/year to water
─ 1 cloth=1.900 fibers(washing) 700.000 fibers each complete washing
─ 2.4-4.0 million Tonnes/year of land-based plastic waste hit the oceans, 
─ River litter plastic input into the ocean, 

─ 1000 rivers account 80% GLOBAL plastic into ocean
─ GLOBAL input .0.8-2.7 millions Tonnes/year 
─ EUROPEAN input, 1.656 -4.997 Tonnes/year (RIMMEL) 

─ 2050 Macro- and Micro-Plastics will exceed the amount of fish-oceans 
are connected

─ 5.25 trillion plastic particles(0.3-4.7 mm)floating in the ocean
─ First paper published plastic in ocean, Carpenter/Smith, Science,1972
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Floating macro-litter flux (items h-1) Annual floating macro-litter loading (items y-1) 
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MYTILUS GALLOPROVINCIALIS AS BIOINDICATORS OF MICROPLASTIC 

POLLUTION

• M. galloprovincialis has 
been proposed by the 
International Council for 
the Exploration of the Sea 
to monitor MP pollution in 
the marine environment 
(Bråte et al., 2018). 

For marine environments, bivalves as Mytilus galloprovincialis have been found to 
be the most suitable organisms for biomonitoring, becoming good bioindicators for 
their natural habitat (Li et al., 2019). 

• M. galloprovincialis has a 
high ecological and 
commercial relevance in 
the Mediterranean Sea, 
where MPs contamination is 
also of particular concern 
(Lusher, 2015). 
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▪Membrane technologies  :Membrane bioreactors (MBR),Micro Filtration 
Nanofiltration/ultrafiltration, Reverse osmosis, RO

▪Eco-friendly- technologies:  Algal-based (Arthrospira maxima,Chorella 
vulgaris)-Reduction of GHG by Phytocapture

▪Advanced Oxidation Processes (AOP)Peroxymonosulfate(PMS)/Fe/UV-C )
▪ Clay mineral photocatalysis and Nanobiocatalysis

▪ARG removal :Full scale tertiary WWT by UV-C AOP,Constructed Wetlands
▪MOF-Metal Organic Framweworks- a new approach  NERC funding?

▪Microplastics removal: Membrane, Photocatalytic and Microbial 
Technologies. Applications to Landfill Leachate

▪SARS-CoV-2 removal: CAS, Root Zone Treatment, MBR, Disinfection,AOP

Advanced treatments for  Contaminants of Emerging Concern 
(CEC), ARG , Microplastics and SARS-CoV-2 
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• Wastewater treatment by Advanced Oxidation Processes studied at full-scale

• Removal of antibiotic residues and antibiotic resistance genes assessed

• Oxidants photolysis proved more efficient than UV-C alone for antibiotics removal

• Sulfate radical based processes did not improve the ARGs removal reached by UV-C

• Competition between DNA and oxidants for absorption of UV photons is hypothesized
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Challenges and Solutions
COVID-19 effects into  the environment: Increased amounts of  Plastic waste, Antibiotic 
and other Pharmaceuticals, ARGs and Disinfection Byproducts-  THMs
SUP  is the largest proportion of plastics, around 40% of   380 Milion Tonnes in 2018  (in 
2040 close to 700 million Tons, 340 Milions Tons of SUP). 
COVID-19 worse days:129 billion Disposable Masks/Month (Global)= 4 Billions/Day
HYGINE THEATRE:  SU Plastic Face Masks, gloves,tiny bottles of sanitizer/ antiseptic, 
meter high plastic dividers restaurants,  Looks Like fight against Pandemic
10-37 g of plastic each PCR diagnostic test, until August 2020, 15,000 Tons of Plastic Waste 
Microplastics can be removed by Membrane Technologies as well as by Photocatalytic and 
Microbial Technologies ,i.e, bacterial-directed-strains and fungal-mediated
Rethinking and re-designing new plastic materials-Biodegradable and Sustainably 
produced from  Non Petrochemical Sources-requires URGENT RESEARCH INPUT
New polymers based on polyactic acid (PLA) and poycaprolone (PCL). Polymer blends maybe 
more compostable. Today ONLY 2% of the total plastic manufactured is biodegradable TODAY
Constructed Wetlands (CW) with  Vertical Subsurface Flow removed ARG varying from 9-
11% up to  47-97% depending on the ARG
Microalgae biorreactor  combined with biodigester technology can be used ofr treatment of 
swine wastewater, emnerging contaminants removal,bioplastics, phytocapture CO2 
Pollution prevention: dimmish the use of chemicals, low-dose pharmaceuticals, increasing 
use of  Bio-Plastics, more legislation with monitoring and reconnaissance studies
Chemical  cocktails  ,nanomaterials (MPs), ARG and pathogens in  surface  and  
groundwater and wastewaters, need more treatment 
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