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-heavy metals 

-biocides

-polyaromatic 

hydrocarbons
-chlorinated  

solvents…

Terminology

Micropollutants - contaminants which are found in the mg L-1or ng L-1 concentration range in the aquatic environment

▪ Priority substances - chemical pollutants that

pose a significant risk to (or via) the aquatic

environment

J
o

ã
o

 C
.G

.S
o

u
s
a

e
t 
a

l.
, 
2

0
1

8

▪ Contaminants of emerging concern -

contaminants that have been detected

recently and have raised the concern about

their ecological or human health impacts.

▪ Environmental Quality Standards - the 

concentrations, which should not be exceeded 

in order to protect human health and the 

environment
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http://www.waterjpi.eu/

The pathways of emerging             micropollutants



Cosmetics

Personal care products

Household chemicals

Pharmaceuticals

Hormones

Antibiotics

Pesticides

Herbicides

and more…

commercially registered

compounds in Europe

Emerging micropollutants in wastewater treatment



Emerging micropollutants in wastewater treatment

Cosmetics

Personal care products

Household chemicals

Pharmaceuticals

Hormones

Antibiotics

• spread of antibiotic resistance

Pesticides

Herbicides

and more…

• accumulation in water and aquatic

organisms

• chronical toxic effects in ng L-1 

and µg L-1 range concentrations 

• micro- and nano- plastics



Pharmaceuticals

▪ ~ 600 active substances detected above 

their detection limits in EU countries 

▪ In surface water, groundwater and drinking 

water, >500 substances detected globally 
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75 countries: 1519 publications: 240 reviews

Dusi et al., 2019

©
 d

ja
h

a
n

/ 
F

o
to

li
a

.c
o

m

▪ almost 800 different pharmaceutical substances were measured worldwide in concentrations

above their detection limits (mostly in effluents of wastewater treatment plants)*

*Pharmaceuticals defined as substances that are 

mainly used for therapeutic purpose



Examples of adverse effects of 
pharmaceuticals on non-target 
organisms 
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Beek et al., 2016
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Guo et al., 2017



~ 700,000 people a year dying 

from antimicrobial-resistant 

infections.

World Health Organization (WHO):

antibiotic resistance as one of the 

most important public health 

problems of the 21st century, 

which needs to be immediately 

resolved

Antimicrobial resistance (AMR)

O’Neill, J., 2016
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Microplastics in 
wastewaters

https://www.pmcsa.ac.nz/topics/rethinking-plastics/plastics-and-the-environment/



Typical wastewater treatment process
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Pretreatment

Inorganic solids

and

large particles

Dissolved

organic

matter

Activated sludge process
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Pretreatment Activated sludge process

Typical wastewater treatment process
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▪ High concentration of bacteria from different sources

▪ Different antibiotics excreted by humans (low 

concentrations don’t kill bacteria but promote antibiotic 

resistance)

▪ Presence of other urban chemicals and micropollutants

▪ Bacteria excreted by humans meet water and soil bacteria
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Pretreatment Activated sludge process

▪ Biological removal rates are highly dependent on temperature and noticeably

lower during cold seasons

(Espoo, April 2018

Removal of dissolved micropollutants in activated sludge

▪ The removal rates depend on micropollutant characteristics:

▪ biodegradability

▪ hydrophobicity

▪ chemical transformation (hydrolisis, acid based, photocatalytic…)
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Emerging micropollutants in Finnish wastewaters

*ibuprofen and acethaminophen
concentrations are not presented in the picture

 ̴ 50 micropollutants were 

found in final effluents of 

wastewater treatment 

plants in Finland,

including >20 antibiotics
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Microplastics in Finnish wastewaters

▪ Microplastics pass most of wastewater 

treatment processes
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▪ Microplastics pass most of wastewater 

treatment processes

▪ Microplastics can carry attached 

bacteria and chemical pollutants from  

wastewaters to the effluents

Microplastics in Finnish treated wastewaters
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>120 genes

Genes of multi drug resistance
were found in effluents

Important process bacteria are

among the potential hosts of

multiple ARGs

Antibiotic resistant genes in Finnish wastewaters
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Talvitie et al., 2018

18

Rapid sand

filtratation

Biologally

active filter
Dissolved air 

flotation

Removal of microplastics in advanced wastewater treatment
processes

Ultrafiltration

membrane
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Removal of antibiotic-resistant bacteria and antibiotic 
resistance genes by ultrafiltration

Log removal of antibiotic-resistant bacteria Log removal of antibiotic resistance genes

Yuan et al., 2016

Typical

activated 

Sludge

Ultrafiltration Anaerobic 

Sludge
Typical

activated 

Sludge

Ultrafiltration Anaerobic 

Sludge



Removal of dissolved micropollutants in advanced
wastewater treatment processes

Yunlong et al. 2014, Nagy et al 2014
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Cost of wastewater treatment

Bui et al., 2016
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▪ Ozone treatment selects vancomycin- and imipenem- resistant bacteria

▪ Ozone impact depends on bacterial species

▪ Possible effluent toxicity (ozonation by-products)

Alexander et al., 2016

Removal of micropollutants and antibiotic resistance by
ozonation



▪ Raising concern on emerging micropollutants 
passing all wastewater treatment processes

Summary

What should we do?

▪ No perfect technology to remove emerging
micropollutants from wastewater

su.se/ostersjocentrum
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Strategies for reducing emerging micropollutants spread to 
the environment

▪ developement of policies and laws

▪ developement of the safier
products

▪ raising awareness

▪ …

Source
control

▪ ozonation

▪ advanced oxidation

▪ adsorbents (coupled with
biological process)

▪ …

End of pipe
removal
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Typical

Possible future wastewater treatment process

Typical

Microplastics and antibiotic 

resistance bacteria

removed

Most of 

micropollutants 

removed

Ozonation

by-products 

removed
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Genes and 

nanoparticles

removed


