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▪ Introduction: Global Pollution Oceans, Coastal Waters,Rivers, 

Wastewaters , Sludges,  Landfill

▪ Macro-Plastic (MP) Litter, from Rivers to the Sea

▪ RIMMEL. JRCFloating Macro litter in European Rivers,

▪ Saudi Arabia , Spain , Europe, China, India 

▪ Sorption (Trojan  horse effect)  and toxicity of  

Pharmaceuticals into MPs. 

▪ Sustainable Waste water  Reuse. Treatment Solutions

▪ Bioaccumulation ,  Toxicity  and Toxicotranscriptomics to 

Fish and other Biota of MPs  and Bio-plastics.  

▪ Analytical Methods and Harmonization

▪ ( µ)FTIR,(µ) Raman, Pyrolisis GC-MS, TG-DSC,NMR, ASTM-standarized

▪ Human Health Risks and Policy

▪ MPs in the Atmosphere, Soil, Plants and Humans:Global risk

Outline
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MPs in Soil/Sludge/Landfills/ Rivers/WWTPs/Oceans
─ Plastics into soil will increase from 34- 55 Million Tons from 2019   to 260 (OECD2022)

─ Worldwide  stock of MPs in  agricultural soils (average 2400-3700 items/kg) :1.5  to 6.6 
MilllionTons (MPs on Ocean surface 290-800 KT(Lebreton 2019) )

─ Countries irrigating with wastewater the most exposed  (Asia) but also in  soils of Turkey 
84 KT, Spain 38 KT and Italy 28 KT

─ Sources of MPs in  soil/agroecosystems:   

─ Reuse of Sewage Sludge (1000-300,000 items/Kg), Wastewater irrigation,Biosolid  , 
Composting,  Degradation and Fragmentation of Mulching films and plastics, Plastic 
waste,i.e single use face masks, Automobile tire wear and Airborne MPs in soils, plants 

─ River litter plastic input into the ocean, 35% are synthetic textiles

─ 1000 rivers (WWTP input)  account 80% GLOBAL plastic into ocean

─ GLOBAL input .0.8-2.7 Millions Tonnes/year  size  <0.5 cm (Lebre3ton)

─ EUROPEAN input, 1.656 -4.997 Tonnes/year (RIMMEL paper) size  > 2.5 cm,Turkey,Italy,UK

─ River plastic transport by extreeme flood x 100 (non-flood) 

─ WWTPs, 1.4 x 1015 items/year influent 10-26g/L, untreated 3.8x1016 items/year to water, 

─ Combined Sewer Overflow (CSO),i.e. River Tame, (UK) > 200 MPs items/day, 70 MPs/year

─ Landfills leachate, size 20-5000µm, 10-290 MP MPs items/liter

─ EU WFD and MSFD for 2030:reduce 50% plastic litter into sea and 30% MPs into the 

environment + Monitoring of litter, plastics and MPs

─ First papers published plastics in ocean,  Science,1972, MPB 1973,
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A.M. Cundell , Mar.Pollut Bull.

4(1973) 187
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Effects of MPs in 

the Caribbean

Large Ecosystem
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Plastic litter in the environment

▪ Between 307 and 925 

million litter items are 

released annually from 

Europe into the ocean

▪ 82% observed litter is 

formed by fragments 

and single-use 

plastics
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Floating macro-litter flux (items h-1)
Annual floating macro-litter loading (items y-1) 
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Interaction of microplastics(SORPTION) with pharmaceuticals

➢Main mechanisms of interaction between pharmaceuticals and 

microplastics

Adapted from: Atugoda et al., Environ Int. 149 (2021) 106367; 

Upadhyay et al., Environ. Monit. Assess 194 (2022) 803

Examples:

• Ciprofloxacin/PE

• Sertraline/PE

Examples:

• Ciprofloxacin/PE

• Diclofenac/PS, PE, PP

Examples:

• Ciprofloxacin/PA

• Diclofenac/PS, PE, PP

Examples:

• Tetracycline/PS

• Ibuprofen, diclofenac, 

naproxen/PS

Examples:

• Sulfamethoxazole/PE

Examples:

• Tetracycline/PE, PS, PVC

Examples:

• Ciprofloxacin/PS, PVC
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PE is the main

Carrier of

MPs/hydrophobic

contaminants

(musks, Uvs,PAHs, 

PCBs,PBDEs)
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Riyadh River
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Impact of MPs and Sulfamethoxazole Co-exposure on Lettuce 

Treatments Set up

CK
Hoagland nutrient solution without PP MPs 

and Sulfamethoxazole (SMX)

PP 1 g/L PP MPs (200 μm)

SMX1 0.5 mg/L SMX

SMX1+PP 1 g/L PP MPs+ 0.5 mg/L SMX (Co-exposure)

SMX2 2.5 mg/L SMX

SMX2+PP 1 g/L PP MPs+ 2.5 mg/L SMX (Co-exposure)

Experiment Design
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MPs Interferes SMX Uptake of the Lettuce by Transpiration Inhibition 
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PP20: PP MPs with size of 20 μm

PP200: PP MPs with size of 200 μm

aPP: Aged PP MPs with size of 200 μm

PPf: PP fiber with size of 3 mm

Treatments
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Co-contamination of MP/NPs in treated

Wastewater/irrigated edible plants
• MPs and co-contaminants exist in treated wastewater 

and joint toXicity can be due to combined exposure, and 

that be transferred to soil/plants/crops via irrigation 

with to hormetic adaptive responses that can enhance 

the plant capacity to defend against massive stress. 

• The presence of MPs/NPs can decrease or increase a 

negative effect of a co- contaminant or in some cases 

can have a neutral effect. The generated effect is a 

matter of dose of each contaminant and the ratios of the 

concentration of the contaminants within a miXture 
Agathokleous, E., Iavicoli, I., Barceló, D., Calabrese, E.J., 2021b.

Micro/nanoplastics effects on organisms: a review focusing on ‘dose’. J. 

Hazard. Mater. 417, 0–2. https://doi.org/10. 1016/j.jhazmat.2021.126084.

• PP reduced significantly  SMX  uptake and 

translocations in lettuce by inhibiting  Transpiration  

inhibition J Hazard Materials (submitted 2024)

https://doi.org/10.1016/j.jhazmat.2021.126084
https://doi.org/10.1016/j.jhazmat.2021.126084
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Advanced treatments for   
Microplastics in  Water  

Microplastics removal: MBR+UV, Photocatalytic,  
Microbial Technologies. Ferro-sonication, 
Electrocoagulation,  Applied WWTP,Landfills
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• MPs reduce the efficiency of the WWT processes
▪ Affect effluent quality –composed by Polyester and PE

▪ Inhibit sludge hydrolysis,acidification and methanopgenesis,

▪ Reduce diversity of microbial communities and enzyme activity-
destroy cell membranes

▪ Adsorption, MBRs, Biological Degradation(microbial 
inoculant, composting) and  AOPs-reduce 95-99%MPs
▪ AOPs-peroxide oxidation (UV/H2O2) ,Photo Fenton, Ozone-based 

processes (O3) and Photocatalytic degradation (UV Catalysis) 

▪ Studies Needed on the effects  and size of MPs on WWT
▪ wastewater effluent quality still scarce-mechanism still not clear

▪ MPs investigated > 1 µm- Almost no studies of MPs<1µm

▪ Solutions: source control, removing  plastic beads from PCP, 
reduce garbage bags, eliminating excise packaging and promote 
green packaging with biodegradable  materials

TREATMENT SOLUTIONS AND FUTIURE PERSPECTIVES
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✓ Genotoxic effect is similar in zebrafish exposed to PE-MPs 

and to mix of pollutant
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Microplastics in Mediterranean seafood (Tunisian coast)

• The highest EDIs are for ingestion of farmed S.

aurata

• MPs <3 μm were detected (method: SEM-EDX) in

edible muscle of five species from Mediterranean

Sea

• The smallest and biggest MPs (1.8 and 2.5 μm)

were found in mullus and sole, respectively.

• The highest level of MPs was found in M.

surmuletus being a neritic species.

• The presence of MPs in species used for human

consumption is a fact today. However, information

on the MPs occurrence are again incomplete, the

EDIs for seafood are largely unknown.

Sparus aurata 

Mullus barbatus

Solea solea

Sardina pilchardus

Mytilus galloprovincialis

Mean±SD 

particles/g

Ferrante et al., 2021

Environ. Res.
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MYTILUS GALLOPROVINCIALIS AS BIOINDICATOR 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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Occurrence of microplastics in the gastrointestinal tract of benthic by–

catches from an eastern Mediterranean deep–sea environment

• Deep-sea fish species were collected in Sardinia (Italy) using a bottom

gillnet at depths between -250 and -350 m

• At least one microplastic item was found in 48% of the samples

• The most frequent was polyethylene (PE)

• Filament was the most frequent shape recorded

Esposito et al., 2022

Mar. Pollut. Bull.
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✓  PS-MP exposure altered GSI and 

fecundity rate in female zebrafish

✓ PS-MPs affected ovarian 

maturity and oocyte 

development
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Combined HFD and PE-MP 

exposure increased lipid 

accumulation, total 

cholesterol, and 

triglycerides
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✓ Accumulation of Polylactic acid biomicroplastic (PLA 

BioMP) in P. cuvieri
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MPs/NPs and co-contaminants:  toxicity and 

general bioaccumulation of MPs/NPs

▪ Aquatic organisms, such as river biofilms and mussels, were able to 

accumulate pharmaceuticals and the presence of PE-MPs  delay the 

bioaccumulation of citalopram (mussels)

▪ More studies on  MPs particle sizes and polymer types  are needed. PS and PE 

among the most tested polymers, as well as antibiotics (Pharmaceuticals)

▪ Laboratory controlled real-world environmental concentrations are needed, 

using aged microplastics and long-term exposure to assess chronic effects

▪ MPs accumulation in fish and small crustaceans

▪ AchE inhibiton in zebrafish due to MP altering neirobalsts in larvae

▪ Bioacumulation and Biomagnification and Green Ecotoxicological Prtocols 

▪ Toxicotranscriptomics: additional information of molecular responses of 

aquatic organisms to MPs/NPs 

▪ In summary: MP (PE) are present everywhere, high-mountain lakes, in the

gastrointestinal tract of benthic by–catches from an eastern Mediterranean,

»Mussel Watch», deep sea-environment MPs (< 3 µm)in seafood- Sardina,

Solea, Mytillus
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Occurrence, Analysis , Fate  and Risk of MPs  

General recommendations 

.

.
1) Analytical protocols, including sampling and detection methods. 

Methods X recent paper A standardized method  ASTM D8332  pumping 

1500 liters of water in 45 minutes to collect particles as small as 45µm, 

New method using NMR. What about Nanoplastics?

2) Harmonization through inter-laboratory studies and reference 

material will need to be undertaken at local and global scale 

3)Green Ecotoxicological studies using environmental relevant 

concentrations and representative species at global scale needed

4)Establish an international database to collect occurrence data of long-

term monitoring programs

5)How is MPs pollution as compared to other threats like Climate 

Change a threat to biota, ecosystem and biodiversity? Major or Minor?

6)At present there is no evidence that MPs are a threat to human health, 

but this can change-  fibers in the air at Megacities > 10 Million ? 

More data on occurrence of MPs in biological fluids?
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GLOBAL INTERLABORATORY STUDY ON 

MICROPLASTICS-34 laboratories
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RECOMENDATIONS for HARMONIZATION AND LIMITATIONS

❑Concentrations of MPs should be reported using more consistent units 

such as particles/m3 for water and particles/g for sediments.

❑The from of MPs should be  standarized to harmonise inter-study 

comparisons: fibre, fragments ,granule, film and foam

❑Studies should provide size information about MPs including smallest 

size collected and detected-we need to understand the size distribution 

of MPs. We need to consider as well LOD of the analytical instruments

❑Analysis of polymer composition should be performed using one of the 

appropriate techniques, like micro-FTIR, Raman Spectroscopy and/or 

Pyrolisis GC-MS

❑Detailed information about the method used and QA/QC protocols are  

required.
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Airborne MPs in 

megacities:Paris, 

Shanghai,London,

Beijing,Surabaya
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Towards Eliminating Plastic Pollution by 2040, 

OECD, November 2023. Policy recommendations 

.

.

Global Ambition will require  new challenges and strong international 

co-operation 

1) Curb Production and Demand, implementation of Reuse systems

2) Enhance Waste Collection, treatment specially in developing 

countries

3) Encourage improvements in recycling

4) Enhance Municipal Litter Management

5) Encourage Research   targeting microplastic leakage

6) Ensure strong international co-operation and support

7) Ensure  adequate financing of  waste treatment

8) Align  Financial Flows legally binding to cope with Plastic Pollution

Sub-Saharan Africa, and the Middle East and North Africa are projected 

to represent  an increasing share of global mismanaged waste over time 

due to their fast growth of plastics combined with weak waste  

management systems
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