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Why are we concerned about antimicrobial 
resistance drivers in the environment?

Huijbers et al. 2015. Environ. Sci Techn. 49, 11993-12004



WE NEED AND USE ANTIMICROBIAL SUBSTANCES!

https://pxhere.com/en/photo/566564

https://www.nejm.org/doi/full/10.1056/NEJMp1714916

https://commons.wikimedia.org/wiki/File:Canesten.jpg



WE USE ANTISEPTICS, DISINFECTANTS, OTHER PHARMACEUTICALS
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A portion stay in the environment and come 
back to us!

Huijbers et al. 2015. Environ. Sci Techn. 49, 11993-12004







Are these AR bacteria a threat to human 
health?



Antimicrobial Resistance (AMR) in Africa - Disaster looming

Source: https://www.wikitribune.com/article/28091/



AMR treatment - Unaffordable for Africans

(World Bank, 2016) 



Microplastics and pharmaceuticals as 
drivers for antimicrobial resistance in the 
environment



What are Micro-plastics?

• Plastics <5 – 0.33 mm

• Primary and secondary microplastics

https://i0.wp.com/moocs.southampton.ac.uk/oceans/wp-content/uploads/sites/5/2017/11/1460404090765_140626-biowachspartikelen160px.jpg

https://i0.wp.com/moocs.southampton.ac.uk/oceans/wp-content/uploads/sites/5/2017/11/1460404090765_140626-biowachspartikelen160px.jpg


Micro-plastics - Sources?

• Break-up (physical and biological)

• Fibres (synthetic textiles)

• Synthetic (abrasives, personal care, etc)

• https://encounteredu.com/discover/images/sources-of-microplastics



Type of plastics and uses
Natural rubber Vehicle tyres

Polyethylene* - low density Plastic bags, outdoor furniture

Polyethylene* - high density Bottles, pipes

Polypropylene Rope, bottle caps, gear, strapping

Polystyrene (expanded) Cool boxes, floats, cups

Polystyrene Utensils, containers, microbeads

Polystyrene (high impact) Shelves, printed graphics

Polyamide (Nylon) Fishing nets, rope

Polycarbonate (bisphenol-A) CDs, glass alternative, lenses

Polyurethane Foams

Metacrylate (acrylic) Alternative for plate glass

Cellulose acetate Cigarette filters, fabric fibre

Cellulose nitrate Printing inks, nail polish, foil

Polyvinyl chloride Film, pipe, containers

Polylactic acid (biodegradable) Packaging, cups

Polyethylene terephtelate Bottles, strapping

Melamine Flooring, dinnerware, dry boards



Micro-plastics?

• Microplastics <5 mm

• Nano-plastics (<100 nm)

• Durable, buoyant, degrades slowly and persistent, 

• Ubiquitous in aquatic (marine and fresh) environment



Microplastics generation is complex

http://www.grida.no/resources/6929

http://www.grida.no/resources/6929


When it enters OUR food chain, we listen!!!



So what happens to the bacteria, chemicals and microplastics in aquatic environments and 
what are the impacts?

https://en.wikipedia.org/wiki/Marine_pollution#/media/File:Scheme_eutrophication-en.svg
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Plastics and antimicrobials substances accumulate/breaks
up or down in 

Waste Water Treatment Plants in urban settings

Clinic and Hospital 
Sewage

Agricultural runoff 
water

Land Based Sewage 
Sources

Household sewage 
& Storm water

Industrial &
Abattoir 

Runoff water from 
informal 
settlements

Settling 
tankA

i
r

Activated 
sludge
Air pumped or 
stirred in

Pre-
treatment

Return 
sludge

Physical and Biological Treatment

Solid 
removal

Plastics, Microplastics, Bacteria & 
Chemicals

Waste 
sludge

Chlorination

Effluent to 
outfall

Disinfection

Microplastics, Nanoplastics & Bacteria Chemicals

Microplastics, Nanoplastics, Bacteria & 
Chemicals





5 types of microplastics and 5 
types of antibiotics
Adsorption varied among 
antibiotics, plastic types and 
environmental conditions







Parallel study SA Agulhas 11 – H Bouwman

Fe As



Biofilms on surface of microplastics



Biofilms on surface of microplastics
MicroPlastResist - SANOCEANS



Microorganisms from Microcosm Microplastics
Isolation using selective media

• E. coli 
• +60 isolates

• Many positive for virulence features (produce haemolysin,  Dnase, protease, 
lipase)

• Analyses underway, antibiotic resistance patterns, molecular identification, 
ARG detection

• Clostridia

• Yeasts
• 65 isolates

• Many positive for virulence features (produce haemolysin,  Dnase, protease, 
lipase)

• Antifungal resistance patterns – resistance to several antifungals

• Analyses underway, molecular identification, ARG detection









Examples of microplastics from surface water





Take home message

• Use of antimicrobial and other chemicals (pharmaceuticals, metals, 
pesticides, etc) lead to AMR (co- or cross resistance)

• Plastics integral part of our lives
• Breaks up into smaller units (Micro and Nanoplastics)

• Microplastics
• Unique properties and expanded surface areas 
• Pharmaceuticals, metals etc. can adsorp
• Bacteria can form multi-species biofilms (pathogens?)
• Buoyant – increasing dispersal potential

• Finally
• Combinations of Microplastics and Pharmaceuticals in aquatic system could 

speed-up and accentuate the threat of AMR 
• Both are Drivers of AMR  
• Interventions are needed
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