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Global Detection of pharmaceutical substances in drinking/tap waters, 
groundwater, and surface waters. 

Figure from DOI: 10.1021/acs.chemrev.8b00299 

- Detected 631 
pharmaceuticals in 713 
compounds tested

- Pharmaceuticals were found 
in 71 countries 



• Antibiotics, followed by analgesics, are the 
most frequently detected compounds

• Results vary depending on the country, 
region, area consumption pattern, and 
manufacturing industry locations 

• The frequency of pharmaceutical occurrence 
varies from sample to sample

• Most pharmaceutical environmental 
detections have been in specific samples 
including hospital effluents, effluents, and 
influents of sewage treatment plants, 
groundwater, surface water, and drinking 
water. 



https://doi.org/10.1016/B978-0-12-813290-6.00008-1

https://doi.org/10.1016/B978-0-12-813290-6.00008-1


Figure from DOI: 10.1021/acs.chemrev.8b00299 

Pharmaceutical concentrations  follow the 
general order: 

Industrial effluents > hospital effluents > 
wastewater treatment plant effluents > 
surface water > groundwater > drinking water. 

Advanced analytical techniques (such as GC-
MS/MS, LC-MS/MS, UPLC/MS):

- allowed the detection of pharmaceuticals in 
environmental samples in the μg/L and ng/L 
concentration ranges

- enabled the determination and 
quantification of almost 3000 biologically 
active compounds in the environment
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Plastics 
classification: 

size



Microplastics



Microplastics in freshwater samples



Fate and transport of Pharmaceuticals (PhAC) and Microplastics 
(MPs) in the marine environment

Figure 2 from https://doi.org/10.1007/s10661-022-09751-w 





Pore-filling mechanism

Partition 
(ex: 17β-Estradiol /PP )Electrostatic 

(ex: Ciprofloxacin/PE) 

Hydrogen bonding
(ex: Diclofenac /PS, PP)

Hydrophobic interaction
(ex: Tetracycline  / PE, PP, PS )

π-π interaction
(ex: levofloxacin / PS-COOH-NP)

Van der Waals forces
(ex: Sulfamethoxazole /PE)

Cation competition
(ex: Tylosin /PP)

Adapted from a https://doi.org/10.1007/s10661-022-10475-0 and https://doi.org/10.3390/molecules25081827

Interactions driving the sorption of pharmaceuticals onto the 
microplastics’ surfaces

https://doi.org/10.1007/s10661-022-10475-0
https://doi.org/10.3390/molecules25081827


Environmental 
Factors

- pH
- Ionic strength
- Dissolved organic 

matter 
- Mechanical 

weathering
- Photodegradation

Microplastics

- Type of polymer
- Surface charge
- Surface area
- Crystallinity
- Degree of 

weathering

Pharmaceuticals

- Log Kow
- pKa

Adapted from https://doi.org/10.1016/j.cscee.2021.100079 and https://doi.org/10.1016/j.envint.2020.106367 



In-situ microplastic sorption experiments conducted in NYC waterways

Virgin pre-production plastic pellets, ranging in diameter from 
2.3 mm to 5 mm, of PET, HDPE, PVC, LDPE, PP were used.

Plastic shopping bags (LDPE) and plastic straws (PP) were cut 
into pieces ≤35 mm in size.

Pharmaceuticals were extracted from the filtered surface water 
using solid phase extraction. 

The extract was analyzed for atenolol, sulfamethoxazole and 
ibuprofen by LC/MS/MS

Microplastics were removed from the surface water and then 
transferred into separate vials containing 1:1 
methanol acetonitrile solution

The extracts were injected for analyzing atenolol, 
sulfamethoxazole and ibuprofen using LC/MS/MS.



Higher level of pharmaceutics on locations close to WWTP 
discharge sites

Similar sorption coefficients of pharmaceutics among different 
plastics

Rapid biofouling appeared to be the predominant factor 
controlling the sorption

In-situ microplastic sorption experiments conducted in NYC waterways



Sorption studies of pharmaceuticals such as antibiotics are generally 
performed:

- Non-environmentally relevant concentrations

Environmental concentrations of antibiotics generally range from ng L−1 to µg L−1

Higher concentrations were used to assess the maximum adsorption capacity of microplastics.

- Non-environmentally relevant conditions

Ex: 1 Pharmaceutical and 1 MP tested 

- Experimental design not based on statistics



Pharmaceuticals 
Extraction:
- Water samples were subjected to solid-
phase extraction 

Analysis:
- High-Performance Liquid Chromatograph 
(UHPLC) combined with a Triple 
Quadrupole Mass Spectrometer (MS/MS)

Microplastics
- Water samples were filtered through 
stainless steel sieve (0.3 mm of diameter) 

- The organic matter was removed using 
Fenton reagent followed by visual 
inspection of the suspected particles



Highest concentrations of pharmaceuticals  in 
water: 

- diazinon (up to 1016 ng L−1)
- caffeine (up to 20663 ng L−1)
- diclofenac (up to 1390 ng L−1)
- paracetamol (up to 3069 ng L−1)

Concentration of microplastics in water 
ranged from:

- 0.7 to 7.8 items/L in the Al-Asfar lake 
- 1.1 to 9.0 items/L in the Al-Hubail lake



TEN PHARMACEUTICALS STUDIED

Antineoplastic compounds:
- cyclophosphamide  and tamoxifen
Stimulants:
- nicotine, caffeine, paraxanthine
Lipid regulator:
- gemfibrozil 
Anti-hypertensive 
- atenolol 
Anti-convulsant 
- carbamazepine 
Antibiotics 
-trimethoprim, erythromycin



Adapted from Figure 3 

SAMPLING
Microplastics were sieved 

(not washed with organic solvent)

EXTRACTION
Ultrassound Assisted Extraction

Using methanol as solvent 

DETERMINATION
Samples were dried under N2

Reconstituted in MeOH
Injected into UHPLC-MS/MS

Require 300 mg of microplastics

For extraction uses 7.5 mL of methanol 
(MeOH) within 10 min.

Spiked samples
- 30 pellets (approximately 900 mg of MPs) 
- contact with 10 mL of the analytes at a 
concentration of 500 ng mL−1 in methanol 
for 24 h (until the methanol dried 
completely at room temperature) 

https://doi.org/10.1016/j.chemosphere.2020.129007

https://doi.org/10.1016/j.chemosphere.2020.129007


Adapted from Figure 3 

SAMPLING
Microplastics were sieved 

(not washed with organic solvent)

EXTRACTION
Ultrassound Assisted Extraction

Using methanol as solvent 

DETERMINATION
Samples were dried under N2

Reconstituted in MeOH
Injected into UHPLC-MS/MS

LODs ranging from 0.25 ng g−1 to 
15.8 ng g−1.

Pharmaceuticals were detected in 
the samples of microplastics from 3 
beaches (the Gran Canaria, Lanzarote 
and La Graciosa islands) in 
concentrations between 34 and 
111 ng g−1.

https://doi.org/10.1016/j.chemosphere.2020.129007

https://doi.org/10.1016/j.chemosphere.2020.129007


Adapted from:
https://doi.org/10.1007/s10661-022-09751-w
https://doi.org/10.1080/00032719.2021.1942031
https://doi.org/10.3390/app12199789

TGA

SEM-EDS

FTIR
MICRO-FTIR

MICRO-Raman

Py-GC-MS

Pharmaceuticals

Microplastics

UPLC-MS/MS

LC-MS/MS

LC-MS

GC-MS/MS

CE-
DADCE-ECL

GC-MS/MS  
Gas chromatography-tandem mass spectrometry

LC-MS 
Liquid chromatography– mass spectrometry 

LC-MS/MS 
Liquid chromatography tandem–mass spectrometry 

UHPLC-MS/MS 
Ultra-high-performance liquid chromatography-tandem mass 
spectrometry 

UPLC-MS/MS 
Ultra-performance liquid chromatography–tandem 
mass spectrometry 

TGA Thermogravimetric analysis 

Pyr-GC-MS 
Pyrolysis gas chromatography-mass 

CE-ECL 
Capillary Electrophoresis - Electrochemiluminescence detection 

https://doi.org/10.1007/s10661-022-09751-w
https://doi.org/10.1080/00032719.2021.1942031
https://doi.org/10.3390/app12199789


Conclusions:

• Sorption studies taking into consideration environmentally relevant 
concentrations and conditions

• Optimisation of conditions using statistical methods
• Studies on the monitoring of microplastics and pharmaceuticals in the 

same environmental samples
• Methodologies for the extraction of pharmaceuticals on microplastics
• Studies on the quantification of pharmaceuticals on microplastics
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