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Lessons learned from the pilot-scale removal of micropollutants




Ultra-mobile plug-and-play pilot plant dedicated to eliminating MPs from water
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Schematic diagram of the pilot wastewater treatment system
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Schematic diagram of the pilot wastewater treatment system
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Schematic diagram of the pilot wastewater treatment system
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the pilot wastewater treatment system
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Monitoring and contro

| system
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Construction cost Technical features: Process performance:
* Flexibility * Pre-treatment prior to AOPs
e Control system * Optimal process parameters

* Removal efficiency of OMPs



Construction costs

Final construction cost in 2024: 380,000 €

Most expensive elements:

* Ozone oxidation system

* Control system, PLC, HMI panel, router
* On-line UVA and turbidity probes

* Cloth drum filter

* Pumps

90,000 €
60,000 €
50,000 €
45,000 €
25,000 €
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Flexibility
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Monitoring and control system

PARAMETERS - FILTRATION

-
SETPOINTS 1- STAGE 2- STAGE PARALLFL WITHOUT
FILTERS

FLos FLTRaTIoN | |

Q.2 (P.2) m3/h
‘| | ________| | [ _________ | | __________ ]

Q.3 (P.3) m3/h
‘[ ___________| | | ____________[_ __________ | ________ | __________ ]

Q.4 (P.4) m3/h
! ! | | | _________ | | __________ | |
Q.5 (VR.1) m3/h

[ A N R A N A A A '
.6 (VR.2) m3/h PARAMETERS - OZONATION
_________-

Q.7 (P.5) OZONATION CONTROL OF OZONE CONCENTRATION IN THE AIR

Backwash cyde every

Ozon dose setpoint Alarm threshold (emergency stop)

Gas flow characteristics (rotameter setting) Warning threshold (start ventilation)
Ventilation stop threshold

—________-
P.7 pomp speed %
(N N [ I R N R R -
Air backwash time min
—________-

Water backwash time

Backwash cyde every

yl

y2
—________-
P.7 pomp speed %
[ ____________| | | | | | _________ ||
Air backwash time min
1 | | | - | - | | | |
Water backwash time min

Setting on the rotameter

Calculated values

Gas flow according to the rotameter
SUPERVISION TIMES TURBIDITY CONTROL (WT.1) HEIGHTS OF THE FILTER

Max. WT.4 filling time before backwash s Permissible turbidity threshold TURB.1 FNU F.1 - Height of the filter bed

Max. WT_1 filling time s Suspension delay time F.2 - Height of the filter bed
after exceeding the threshold =

Max. WT.1 emptying time before backwash 5

Max. WT.2 filling time s

Wastewater flow Q.2 (filtered)

Ozon requirement

Ozone concentration in gas
(setpoint for the regulator)

Ozone gen. air flu:

when stopping the
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Optimal process parameters

6 mg O,/L or 0.6 mg O,/mg DOC 10 mg O,/L or 1.0 mg O;/mg DOC
100% 100%
0% - Ozone oxidation 90% - Ozone oxidation
80% - ozone dose: 6 mg O5/L 20% | ozone dose: 10 mg O5/L
£ 70% X 70% -
c =
o (=]
= 60% A = 60% ~
= Q
3 3
B 50% - T 50%
< <
D 40% - B 40% A
< <
= 30% o = 30% A
20% + 20% -+
10% ~ 10% -
0% 0%
UVA254 reduction 0.6% 0.6% 0.3% 23% 22% 21% 20% 26% 23% UVA254 reduction 29% 33% 34% 28% 32% 30% 36% 33% 36%
Ozone contact time (min) 15 15 15 30 30 30 40 40 40 Ozone contact time (min) 30 30 30 30 30 30 30 30 30
100% 100%
90% - Ozone oxidation & GAC filtration 90% - Ozone oxidation & GAC filtration
20% - ozone dose: 6 mg O,/L 80% - ozone dose: 10 mg O/L
= 70% £ 70%
G 5
5 60% - B 60% -
3 3
T 50% - T 50% -
<t =t
ﬁ 40% - § 40% -
2 30% - 2 30% -
20% - 20% -
10% + 10% -
0% -+ 0% -
UVA254 reduction 48% 48% 50% 66% 70% 74% 70% 69% 71% UVA254 reduction 67% 69% 69% 68% 71% 70% 70% 73% 73%
Ozone contact time (min) 15 15 15 30 30 30 40 40 40 Ozone contact time (min) 30 30 30 30 30 30 30 30 30
EBCT (min) 20 30 40 20 30 40 20 30 40 EBCT (min) 20 20 20 30 30 30 40 40 40




Pre-treatment of wastewater

* Reduced ozone demand

* Reduced energy consumption

* Enhanced efficiency of oxidation proces
* Extended lifspan of GAC

10

9 | TSS M Series 1

M Series 2

M Series 3

M Series 4

M Series 5

Concentration, mg/L

Secomdary eff DF filter eff |15



Removal of pharmaceuticals

Removal efficiency of diclofenac
1,0 g O,/g DOC, 30 min ozone contact time
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3,150 Diclofenac m Series 1
W Series 2
2,800
m Series 3
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&
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o
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s
| -
¢ 1,400
-
o)
© 1,050
700
350 N
G G G 168 C C ¢ G G G G
91 10 00 NM N 56 55 00 00 63 NM NM NM 00 00
0 T T
Secomdary eff Ozone oxidation eff GAC filter eff IXR filter eff

| 16



Removal of pharmaceuticals

Removal efficiency of pharmaceuticals by ozonation:
1,0 g O,/g DOC, 30 min ozone contact time

Removal of pharmaceuticals during ozonation

. NM
ilrbesartan
NM
candesartan | ND
. NM
venlafaxine
NM
metoprolol

hydrochlorothiazide - em———

diclofenac

clarithromycin

M Series 4

citalopram B Series 3

carbamazepine

M Series 1

amisulprid

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

Removal efficiency | 17



Removal of pharmaceuticals

ilrbesartan

candesartan

venlafaxine

metoprolol

hydrochlorothiazide

diclofenac

clarithromycin

citalopram

carbamazepine

amisulprid

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

Removal of pharmaceuticals during ozonation and GAC filtration

1
0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50% 55% 60% 65% 70% 75% 80% 85% 90% 95% 100%

Removal efficiency
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Removal of herbicides

60 1.0
54 | Terbutryn M Series 1 09 | c Isoproturon M Series 1
[ Series 2 c 062 [ Series 2
48 0.8 - 0.76
m Series 3 m Series 3
42 0.7 4
= M Series 4 = M Series 4
@ @
. 36 H Series 5 . 06 1 W Series 5
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2 o
S 30 4 S 05 A
b=} b=}
c oy
g 24 4 T 04 -
c oy
Q [}
© 18 A G © 03 A
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12 4 10.2 02 -
6 G G C ¢ ¢ G G cC ¢ 0'1700 c C G G G C G ¢ G G G ©
00 00 NM 00 00 00 00 00 NM NM NM 00 00 00 00 00 00 00 00 NM 00 00 00 00 00 0O NM NM NM 00 00
0 + T T 0.0
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Removal of benzotriazoles

450
400 | c Mixture of 4-MTB and 6-MTB B Series 1
[ Series 2
330 W Series 3
— .
E" 300 B Series 4
g 250 B Series 5
2
o
£ 200
[}
c
8 150
100
50
C C C G G C C
00 00 00 00 00 NM NM NM 00 00
0
Secomdary eff Ozone oxidation eff GAC filter eff IER filter eff
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Removal of PFAS

Concentration, ng/L

Fluorine

PFAS20 measured - 20 compounds: Oxygen i : o
(c
PFBA, PFPeA, PFBS, PFHXA, PFPeS, PFHpA, PFHXS, PFOA, PFHpS, PENA, l Q o e - o
PFOS, PFNS, PFDA, PFDS, PFURDA, FUnDS, PFDoDA, PFDoDS, PFTYDA, PFTrDS R e g S
o« cgte
PFASs detected - 6 compounds: T Qe ©
PFBA, PFBS, PFPeA, PFHxA, PFHxS, PFOA Hydtogen ¢ °® Carbon
10.0 10.0
90 | Sum of short-chain PFAS (C4-C6) m Series 1 90 | Sum of long-chain PFAS (C7-C13) W Series 1
W Series 2 W Series 2
8.0 A
m Series 3 m Series 3
L 70
M Series 4 = M Series 4
M Series 5 E‘ 6.0 1 M Series 5
'% 47
= 43
13
00 00 00 00 00 00 00 00 00 l 00 00 00 00 00 00 00 00 00 00
Secomdary eff Ozone oxidation eff GAC filter eff | IXR filter eff Secomdary eff Ozone oxidation eff GAC filter eff IXR filter eff
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Conclusions:

Good mobile pilot plant must be expensive.

The mobile pilot plant is a highly cost-effective tool as it can support upgrading and development
of numerous wastewater treatment plants

The results of the pilot test confirmed high efficiency of combined ozone oxidation and GAC
filtration in removing OMPs.

4. OMPs for which a minimum removal efficiency of 80% is specified in the UWWTD were removed
at rates ranging from 89% to 100%.

Ozone dose of 10 mg O,/L, 30 min ozone contact time and 20 min EBCT of GAC filter were
identified as the optimal conditions for OMPs removal and can be used as design parameters for
developing a concept of a quaternary treatment stage.

When ozone oxidation is used to remove micropollutants PFASs may undergo partial degradation.
Analysing a limited number of PFASs to assess their removal might be insufficient.
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