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What is in focus?
Micropollutants

Organic micropollutans

Pharmaceuticals, hormones and other
organic micropollutants

Indicators defined in EU UWD 2024 (80%)

o Category 1 —easily treated
amisulprid, carbamazepine, citalopram, clarithromycin,
diclofenac, hydrochlorothiazide, metoprolol, venlafaxine

o Category 2 — easily disposed of
benzotriazole, candesartan, irbesartan, methylbenzotriazole

Per- and polyfluoroalkyl substances

* Alarge group of mobile persistent man-made
substances, also known as “forever chemicals” -
extreme environmental persistency, and health
hazards

* Notin EU UWD

e PFAS discharge management is becoming
one of biggest environmental challenges in the BSR.




Strategies and technological means for :'(;?:f':rge 'nrl_
minimising organic micropollutant

wastewater
treatment

[ J [ J :
emissions from WWTPs = plants
* The project will assemble the necessary knowledge for ©r
. . i \ 4
wastewater treatment plants to be able to start planning their ‘ | S
own investments into advanced effluent treatment. —— X
* To achieve that, EMPEREST will set up two mobile pilots for ¢
advanced wastewater treatment. Y sweden 2B
A / B,
* Two mobile containers were constructed for testing of 3-5 fﬁg’alﬁc Sea,\:‘,;j--:_;g
different technological solutions for quaternary wastewater e 1
treatment. |7 tawia
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Technologies for quaternary wastewater
treatment

Treatment Technology

Technology
Type Category
Activated Carbon
. - Granular - GAC
Sorption
- Powder - PAC
Sequestration
Technologies Anion Exchange Resin

. . Reverse Osmosis
Membrane Filtration

Nanofiltration

Coagulation Specialty Coagulants

Electrochemical

: Redox treatment Ozone
Transformation or
' Plasma
destruction
technologies Sonochemical
Other Thermal

Biological




Technologies for quaternary wastewater

treatment

Sequestration
Technologies

Treatment Technology Technology
Type Category
Activated Carbon
_ - Granular - GAC
Sorption

- Powder - PAC

Anion Exchange Resin

Membrane Filtration

Reverse Osmosis

Nanofiltration

& O .
2 00 ® Micropore

@ Organic substance
(Trihalomethane
formability, etc.)

@ Qil

© Offensive smell and taste
(Mold odor, etc.)

Coagulation Specialty Coagulants
Electrochemical
) Redox treatment Ozone

Transformation or

. Plasma
destruction
technologies Sonochemical

Other

Thermal

Biological

Powder

Pellets

Granular

www.acarbons.com/activated-carbon-adsorption-mechanism



Technologies for quaternary wastewater
treatment

Sequestration
Technologies

Treatment Technology Technology
Type Category
Activated Carbon
_ - Granular - GAC
Sorption

- Powder - PAC

Anion Exchange Resin

Membrane Filtration

Reverse Osmosis

Nanofiltration

Coagulation Specialty Coagulants
Electrochemical
) Redox treatment Ozone

Transformation or

. Plasma
destruction
technologies Sonochemical

Other

Thermal

Biological

carbamazepine

U. Hibner et al Water Research 2014




Technologies for quaternary wastewater

treatment

Sequestration
Technologies

Treatment Technology Technology
Type Category
Activated Carbon
_ - Granular - GAC
Sorption

- Powder - PAC

Anion Exchange Resin

Membrane Filtration

Reverse Osmosis

Nanofiltration

No—

Specialty Coagulants

Coagulation
Electrochemical
, Redox treatment Ozone
Transformation or
i Plasma

destruction

technologies Sonochemical

Other Thermal

Biological
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Technologies for quaternary wastewater
treatment

Treatment Technolo
gy Technology P1-Tartu P2 - Gdansk
Type Category
(" Activated Carbon
. - Granular - GAC \/ \/
Sorption
- Powder - PAC N4 0
Sequestration
Technologies \_ Anion Exchange Resin O \/
Membrane Filtration Reverse Osmosis
l Nanofiltration * \/ 0
Coagulation Specialty Coagulants

Electrochemical

Redox treatment Ozone + \/ \/

Plasma

Transformation or
destruction
technologies Sonochemical Thermal

Other Biological




Design

Pilot Tartu

Micro PAC

2m3/h

Ozonation

Mellig

NX filtr

Sand filter

GAC1

Donau Carbon
1m3/h

GAC1

Donau Carbon
1m3/h




Design

Pilot Gdansk

Ozonation

Ozonia
3m3/h

lon exch

0,8m3/h

Pilot Tartu aca

Donau Carbon
1m3/h

Ozonation Sand filter

] Mellig

GAC1

Donau Carbon
1m3/h

Micro PAC

3
2m*/h NX filtr




Pilot Tartu



Pilot Tartu




Results - organic micropollutants

B WWTPeffluent mOzone B GAC BEsSPAC © Nanofiltration
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Results - PFAS

B WWTP effluent mOzone mGAC wmsPAC m Nanofiltration
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Conclusions

All technologies alone
generally work with sufficient
efficiency for removal of

organic pollutants (not NF)

Sorption technologies
(activated carbon) have a mild
potential for PFAS removal

Feasibility studies are needed
for Investment decisions

Long chain PFAS may partially
degrade during ozonation and
this should be considered in
monitoring and assessment
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Pilot Plant Operation in
Tallinn WWTP

e Transport from Tartu WWTP to Tallinn WWTP
* Operation: 02.09.24 - 03.02.25

* Inflow from the biofilter (last biological
treatment step)

o Average inflow to pilot was about 1,2 m3/h




* Operation with two parallel lines

o Biofilter -> Drum filter -> Ozone -> Sand filter -> GAC A -> UV

o Biofilter -> Drum filter -> GAC B -> UV




sPAC addition

* In January addition of sPAC (super fine powdered activated
carbon) treatment to the pilot plant

e Biofilter > sPAC - Drum Filter - ...

 Prepared a chemical mixture for the test (water, powdered
activated carbon, and coagulant)




Samples

* The pilot also has an on-site analyzer that takes samples from
various cleaning stages every 15 minutes, allowing for
continuous monitoring and quality control.

* PFAS and pharmaceutical analysis
o Analyzed by Eurofins

o Prior PFAS data from wastewater

e Pilot plant is now at Turku WWTP and sample collection has
begun.




Marek Swinarski
Gdansk
March 25th, 2025

Mobile pilot plant for micropollutant removal
Gdansk Water Utilities
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Mobile

plug-and-play

pilot plant
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SETPOINTS

FLOWS FILTRATION F.1 downflow

m3/h
BACKWASH FILTER F.1

Backwash cydle every

Air backwash time
‘Water backwash time

BACKWASH FILTER F.2

Backwash cycle every

Air backwash time
‘Water backwash time

SUPERVISION TIMES

1- STAGE

PARAMETERS - FIL

F.2 downflow

TURBIDITY CONTROL (WT.1)

Permi le turbidity threshold TURB.1 FNU
s

Suspension delay time
after exceeding the threshold

HEIGHTS OF THE FILTER BED

F.1 - Height of the filter bed
F.2 - Height of the filter bed

Advanced control system
HMI

WITHOUT
FILTERS

3/14/2025 5:46:03 PM | uocowany

Setting on the rotameter

Caleulated values
Gas flow according to the rotameter
Wastewater flow Q.2 (filtered)
Ozon requirement

Ozone concentration in gas
(setpoint for the regulator)

Alarm threshold (emergency sta
‘Wamning threshold (start ventila

Ventilation stop threshold

30 >
25 -
20
5
15 — 2
10 15
1
" - =
o i i o
2:45:26 PM 3:00:26 PM 3:15:26 PM 3:30:26 PM 3:45:26 PM E
37142025 _ 3j1apers 3/14/2025 3/14/2025 3/14/2025
(m (K]« »|afa] AR R ET
TURB.2

Tag connection Date/time

UV254.1 Absorbancja zb. WT.1 DB3_HM_AT Dialog{1}.Wartosc 41.889500 3/14/2025 3:15:26:717 PM
UV254.2 Abserbancja zb. WT.2 DB3_HME AL | Wi 34713300 3/14/2025 3:15:26:717 PM
Uv254.3 Absorbancia zb. WT.4 9.068540 3/14/2025 3:15:26:717 PM
JTURB. 1 Metnosé zb. wT.1 [ AT Dialog{(4}.Wartosc 2.605680 3/14/2025 3:15:26:717 PM
[ TURB.2 Matnosé zb. wT.4 AT Dialog(5}.Wartosc 0.481086 3/14/2025 3:15:26:717 PM

[Running | 1-stage Downflow F.1 filtration

DRUM FILTER

OZON GENERATOR GAC FILTERS

UV REACTOR

Lo L]




Removal efficiency of pharmaceuticals by ozonation

1,0 g O,/g DOC, 30 min ozone contact time

ilrbesartan
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Removal efficiency of pharmaceuticals by ozonation & GAC filtration
1,0 g O,/g DOC, 30 min ozone contact time, 20 min EBCT of GAC filter

ilrbesartan

candesartan

venlafaxine

metoprolol

hydrochlorothiazide

diclofenac

clarithromycin

citalopram

carbamazepine

amisulprid

0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50% 55% 60% 65% 70% 75% 80% 85% 90% 95% 100%

Series 5 W Series 4 M Series 3 W Series 2 W Series 1
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Installation of the .
pilot station:

Duratian o E,
01/2023 -12/2025

Total budget
5432044 €

EU funding -
4345635 €

e
e
T

@ intorreg-baltic eu/project/emperest

MOBILE ADVANCED TECHNOLOGY ~ EMPEREST PROJECT — EIMINATING
MICRO-POLLUTANTS FROM EFFLUENTS.
FOR MICROPOLLUTANT REMOVAL Lo Ce e sTraTEGIES
FROM WATER \ “This iMadeWhhincerreg project hilpn driv the
" transition to & green and resilent Baltic Se3 region
removal efficiency of prganic micropeliutants by azane- iﬂm‘é’mﬂmﬂ.’f

based oxidation, activated carbon adsorption; #nd fon FIILARD, ISTONIA, GERMAKY, ROLAKD, LTHUAMIA LATVIA
i |

Pilot testing sites within the EMPEREST project in 2023

2025; wastewater treatment plants in Gdansk, Stczecin, .

anid Kaunas.




Piloting period:

September — December 2024

List of micropolutants measured as per EU
Directive concerning urban and water

treatment:
AMI Amisulprid
CAR Carbamazepine
cIT Citalopram
CLA Clarithromycin
DIC Diclofenac
HYD Hydrochlorothiazide
MET Metoprolol
VEN Venlafaxine
BEN Benzotriazole
CAN Candesartan
IRB Irbesartan
MBT Mixture of 4-methylbenzotriazole and 6 -methylbenzotriazole

» Tests schedule and setups for each serie

Activated carbon Data dose 03| CT O3 |CT GAC

27.09.2024 1 sample 6 20 30
04.10.2024 2 sample 5 30 40
11.10.2024 3 sample 6 40 20

WG 12 18.10.2024 4 sample 8 40 20
25.10.2024 5 sample 10 40 20
30.10.2024 6 sample 6 30 30
08.11.2024 7 sample 8 30 20
22.11.2024 8 sample 10 30 20
27.11.2024 9 sample 8 30 20

WG 90
29.11.2024 |extra sample - - 20
04.12.2024 |extra sample 3 30 20




Pilot station:

Drum filter —> Ozone —> GAC




inlet to the treatment plaWWTP Pomorzanynt =~ ®M8T

Results: | .

120 H BEN
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H = o
5 6 9

Raw sewage —> Treated = inlet to the pilot —>

after pilot

ug/l
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40
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Conclusions -> future: :
* The EMPEREST pilot tests proved that we have a sound . srheri s me sl o
technology for fulfilling the requirements of the new EU urban 120 -
wastewater Directive. 100 e
_ 80

* National implementation of EU Directive along with the ~ * "
clarification of polluter-pays concept as well as organisation 2 I I [] I I I I I I ar
collecting and distributing money for 80% of quaternary A B B EEREEREN [

development & exploitation costs. .
after GAC :MST
« Money and work force is needed in order to do the
investments. They include land purchase, development of < =YD
tertiaty treatment stage, construction of a new quaternary stage o IE:LT%

0 m CAR

and fulfilling the requirement of 100% energy neutrality. L 2 3 4 s 6 7 8 o  mawm
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The project EMPEREST co-
financed by the Interreg Baltic
Sea Region helps to drive the
transition to a green and
resilient Baltic Sea region.
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