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Terminology ENVIRONMENT

European
Commission

European Commission > Environment > Water > Directive —heavy metals

T -biocides
The EU Water Framework Directive -polyaromatic

hydrocarbons
-chlorinated

solvents...

o _ Contaminants of emerging concern Priority substances -
= Priority substances - chemical pollutants that Decision 2015/495/EU Directive 2013/39/EU
pose a significant risk to (or via) the aquatic
environment

= Environmental Quality Standards - the
concentrations, which should not be exceeded
in order to protect human health and the
environment
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= Contaminants of emerging concern -
contaminants that have been detected
recently and have raised the concern about
their ecological or human health impacts.

Jodo C.G.Sousa et al., 2018

Micropollutants - contaminants which are found in the mg L-or ng L* concentration range in the aquatic environment
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The pathways of emerging === micropollutants

http://lwww.waterjpi.eu/
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Emerging micropollutants in wastewater treatment

‘ Pharmaceuticals
Hormones

~-100 000

Q Household chemicals

commercially registered
compounds in Europe

@ Cosmetics
Personal care products

® Pesticides
Herbicides

and more...
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Emerging micropollutants in wastewater treatment

@ Pharmaceuticals « accumulation in water and aquatic
Hormones organisms

Antibiotics «  chronical toxic effects in ng L

and pg L1 range concentrations
Q Household chemicals

spread of antibiotic resistance

@ Cosmetics *  micro- and nano- plastics

Personal care products Q
®Pesticides i
Herbicides ; 7,

and more... Qi EEe ok = = At
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Pharmaceuticals

almost 800 different pharmaceutical substances were measured worldwide in concentrations
above their detection limits (mostly in effluents of wastewater treatment plants)*

~ 600 active substances detected above
their detection limits in EU countries

In surface water, groundwater and drinking
water, >500 substances detected globally

*Pharmaceuticals defined as substances that are
mainly used for therapeutic purpose

75 countries: 1519 publications: 240 reviews
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Dusi et al., 2019
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Examples of adverse effects of
pharmaceuticals on non-target

H . & - N T
organisms . b
Pharmaceutical 17u Ethinylestradiol Sulfonamide
Anale5|cs nthetlc estrogen Analesics Antibiotic

Non-target organ- Vulture Fathead minnow Rainbow trout (On- Maize (Zea mays)
i (Gyps bengalensis) (Pimephales promelas) corhynchus mykiss) Willow (Salix fragilis)

Population collapse due - Adverse effects on

:32”:‘:?2:;@2:3?: to feminization of male Iva;:o:i%:‘eact::]rés ‘i)I:s root growth. Death of
fish 1ot ey. 9 maize at high conc.

Study type Wildlife Whole-lake experiment Laboratory
Oakes et al. 2004 Kidd et al. 2007 Triebskorn et al. 2007 Michelini et al. 2012

Enrofloxacin, Ciprof-
Pharmaceutical Fluoxetine Oxazepam Ivermectin eeacin P

Antidepressant Veterinary parasiticide Antibiotics

Cyanobacterium
(Anabaena flosaquae)
Duckweed
Lemna minor,

Delayed tadpole Altered behaviour and Mortality of eggs and orss

m development feEdi“Q rate i
Laborato Laborato Laboratory and field

Foster et al. 2010 Brodin et al. 2013 Liebig et al. 2010 Ebert et al. 2011

Beek et al., 2016

Non-target organ- Leopard Frog European perch

(Rana pipiens) (Perca fluviatilis) Rupgivienc bes e
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Person develop ARB in his Animals develop ARB in their «@®
gut after taking antibiotics guts after taking antibiotics W

>
Cd

Biosolids reuse

“.WWTP-ARG Hotspot~

Drinking water plan

River to sea

A” Aalto University Guo etal., 2017
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Antimicrobial resistance (AMR)

Tetanus

60,000

Road traffic
accidents

1.2 million

Measles
130,000

Diarrhoeal
disease

1.4 million

AMR in 2050
10 million

Cancer
8.2 million
AMR now /
700,000
(low estimate)
Cholera
100,000—
120,000

Diabetes

1.5 million

~ 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

A, , Aalto University

O’Neill, J., 2016
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I ‘ l O as I‘ s I n Microbeads from Fragmented plastic Microbeads and fibres Garments made of
industrial cleaning and road abrasions used in personal care heti ] h
N - =C synthetic materials, suc
preducts, industrial get blown and washed preducts, cleaning
into the waste and products and textiles 7 as polyester and nylon
fleece, can release up to

wastewaters ,
il : 1900 fibres per wash!
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Microplastics TREATMENT
washed down

drains enter PLANT
our wastewater
treatment plants

abrasives and accidenta

Sewage sludge - Discharge

i Some microplastics are so

g tiny and light that they do

a not get removed but leave
the plant and enter our

Microplastics that are
removed during wastewater
treatment can end up in
sewage sludge that is used

as fertilizer in agriculture. = \ waterways and oceans.

---------- >

\

- MICROPLASTICS ENTER
OUR WATERBODIES

! Seep into soil, i Accumulate in wetlands ‘\ /'/
waterways, Vo and streams 5
y  andaquifiers - N
¥

d up in our

and drink.
A Microplastics are ingested
& by aquatic organisms

A o
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Typical wastewater treatment process

|
— - - - - - — e
Waste : : . " . Eﬁ uent Water
Water B I e el el

Pretreatment Secondary Clarifler

| | | |

Inorganic solids Dissolved
and organic
large particles matter

Effluent Tank

Activated Sludge

kubota.com

A,, Aalto University
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Typical wastewater treatment process

— o
Eﬁuent Water

Activated sludge process Secondary Clarifier Effluent Tank

Waste
Water

Pretreatment

kubota.com

Activated Sludge

. 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

Free DNA Contain
Antibiotic Resistance Genes
(ARGs)

A,, Aalto University
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Removal of dissolved micropollutants in activated sludge

— o
Eﬁuent Water

Secondary Clarifier Effluent Tank

Waste
Water

kubota.com

Pretreatment Activated sludge process

Activated Sludge

= The removal rates depend on micropollutant characteristics:

= biodegradability
= hydrophobicity
chemical transformation (hydrolisis, acid based, photocatalytic...)

= Biological removal rates are highly dependent on temperature and noticeably
lower during cold seasons

- s -

Espoo, Apt;il 2018
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Emerging micropollutants in Finnish wastewaters

60

50

40

Hg/L

20

10

Influent

Effluent

® Chloramphenicol

® Lincomycin
Salicylic Acid

® Fenoprofen

B Indomethacin

® Naproxen

B Mefenamic acid

® Diclofenac

W Ketoprofen

W Phenazone

W Bezafibrate

# Clofibric acid
Gemfibrozil
Pravastatin

m Furosemide

= Hydrochlorothiazide

M Triclosan (TCS)

= Roxithromycin

m Azithromycin

® Clarithromycin

m Sulfadiazine
Sulfamethoxazole
Sulfanilamide
Ofloxacin
Norfloxacin

= Danofloxacin
Sparfloxacin

W Metronidazole

W Trimethoprim

H Propanolol

H Timolol

W Atenolol

® Metoprolol

¥ Ranitidine
Amitriptiline
Carbamazepine
Albuterol

m Tetracycline

~50 micropollutants were
found in final effluents of
wastewater treatment
plants in Finland,
including >20 antibiotics

*ibuprofen and acethaminophen
concentrations are not presented in the picture

A, , Aalto University
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Microplastics in Finnish wastewaters

—- — — == Ll
Waste Effuent Water
Water

Equalization Tank Aeration Tank Secondary Clarifler I Effluent Tank

Activated Sludy

= Microplastics pass most of wastewater
treatment processes

A,, Aalto University
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Microplastics in Finnish treated wastewaters

—- — — == Ll
Waste Effuent Water
Water

Equalization Tank Aeration Tank Secondary Clarifler I Effluent Tank

Activated Sludy

» Microplastics pass most of wastewater
treatment processes

» Microplastics can carry attached
bacteria and chemical pollutants from
wastewaters to the effluents

A,, Aalto University
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Antibiotic resistant genes in Finnish wastewaters

Influent Effluent
— —
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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

A, , Aalto University
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Removal of microplastics in advanced wastewater treatment
processes

6.9 MP/L 0.7 MP/L 2.0 MP/L 0.5 - 2.0 MP/L 1.4 MP/L
(primary effluent) (secondary effluent) (secondary effluent) (secondary effluent) (secondary effluent)

3 I 3 4

Ultrafiltration Rapid sand Dissolved air Biologally

membrane filtratation flotation Discfilter active filter

0.005 MP/L 0.02 MP/L 0.1 MP/L 0.03 - 0.3 MP/L 2.5 MP/L
(final effluent) (final effluent) (final effluent) (final effluent) (final effluent)
99.9% 97% 95% 40-98.5% No removal

Talvitie et al., 2018

A,, Aalto University

18



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

0

Log removal of antibiotic-resistant bacteria

Typical SBR Ultrafi

activated
Sludge

Itration B

2727 VAN
I GEN
B ERY
E=JCEP
Bz 1C

ol INNRNENEEEES
ILLLLL ] [

Anaerobic
Sludge

Log(C/C)

10

Log removal of antibiotic resistance genes

vanA
B 2acCl
B cicA

B ampC

Typical

activated

Sludge

SBR Ultrafiltration BF  Anaerobic
Sludge

Aalto University

Yuan et al., 2016
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Removal of dissolved micropollutants in advanced
wastewater treatment processes

Removal %

100
90
30
70
60
50
40
30
20
10
0 |
Coagulation - Granular Powder Ozon Advanced oxidation  Ultrafiltration Microfiltration Reverse Osmosis  Activated sludge
floculation Activated Carbon  Activated Carbon
W Ibuprofen M Diclofenac @ Carbamazepine
! 99 Aalto University Yunlong et al. 2014, Nagy et al 2014
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Cost of wastewater treatment

0,65 €/m?
0,48 €/m?
0,30 €/m’
0,30 €/m’
0,17 €/m? [

Residues Cost Residues  Total Residues  Total Residues  Total Residues  Total

left%  treatment left % cost left % cost left % cost left % cost

after today after €/m? after €/m’ after €/m? after €/m?
treatment  €/m’ treatment treatment treatment treatment
TRADITIONAL REVERSE ACTIVATED uv OZONE

TREATMENT OSMOSIS CARBON 100 Wh/m? 10 g/m?

140 mg/m? 40 mg/L

A,, Aalto University

Bui et al., 2016
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Removal of micropollutants and antibiotic resistance by
ozonation

= Ozone treatment selects vancomycin- and imipenem- resistant bacteria
= Ozone impact depends on bacterial species

= Possible effluent toxicity (ozonation by-products)

@

Bacteria
ARGs

Alexander et al., 2016

Reaction chamber
(bubble column)
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Summary

® MICROPLASTICS
# CONTAMINANTS

“ BACTERIA

su.se/ostersjocentrum

Raising concem on emerging micropollutants
passing all wastewater treatment processes

No perfect technology to remove emerging
micropollutants from wastewater

What should we do?
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Strategies for reducing emerging micropollutants spread to
the environment

= developement of policies and laws

S O u rce = developement of the safier

products

CO ntro I : Tja.ising awareness

= ozonation

E n d Of pi pe » advanced oxidation

= adsorbents (coupled with

removal Hologcalposs

A, , Aalto University
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Possible future wastewater treatment process

wan|y3

Typical wastewater Advanced technologies
treatment
e
% % K> B
® “ % A !
% % 2 l :
2 % S :
% % % S ' 5
’O’ (o4 ’O H i
Influent s Iy b u
= T T Ultrafiltration|
: > >
Ozonation 0.01 pm
Most of Ozonation  Microplastics and antibiotic Genes and
micropollutants by-products resistance bacteria nanoparticles
removed removed removed removed
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