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Background

Pharmaceutical removal triggered by New superhospital in
Hillergd

Pharmaceutical removal triggered by no effects should be
present in Havelse A

Use of CWPharma guideline
recommendation:
around 0.7 mg0Ozone/mg DOC (specific ozone dose)
20 min HRT in GAC



Background 2

* A lot of compounds were discussed between HFORS and
authorities that were not tested in CW Pharma (original)

* CW Pharma recommendations were steered by ensuring well
running of reactors not by reaching PNEC

* Metabolites and transformation products situation was a bit
unclarified within CW Pharma



The status at Hillered WWTP



Pharmaceuticals concentration in effluent wastewater
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Short intensive monitoring of CAS effluent revealed the presence of 34 compounds (out of 53 measured)

* The average values 17 of the compounds exceeded their corresponding PNEC values (marked in red)

* The tertiary treatment options are discussed further in the presentation



45 Pharmaceutical metabolites in effluent wastewater
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There are currently no targets discussed for transformation products
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Concentration of compounds with concentration below PNEC in
the effluent of CAS (n=5)

985 785 585 385 185 -15
Iohexol Lo Ko,52
Tomeprol RoSs I 1,13
Topamidol 1.000 I 1,15
Irbesartan 700 | 0,40
Valsartan 560 | 0,14
Losartan 331 | 0,34
Atenolol 128 | 0,15
Benzotriazole 19 9,29
Trimethoprim 10 | 0,14
Citalopram 8 | 0,17
Tramadol 5 | 0,96
Sulfadiazine 4,6 | 0,03
Sulfamethizole 2,54 | 0,39
Carbamazepine 0,50 | 0,10
Erythromycin -> for these compounds no further treatment would be needed 020 | 0,07
Sulfamethoxazole 0,12 | 0,04

-1000,00 -800,00 -600,00 -400,00 -200,00 0,00

Concentration (pg/L)

PNEC M Inlet
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Compounds with concentration below PNEC below LOQ
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Compounds

Ceftazidime
Ciprofloxacine
Amoxicillin
Clindamycin
Ranitidine
Simvastatin

Estrone
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PNEC value
(Hg/L)

0.13
0.09
0.078
0.014
0.001
0.0002
0.00016

LOQ

(Hg/L)

3
1
0.3
0.1
0.0125

0.3

These compounds came in after the
proposal for CWPharma 2 was written.
Though the needed LOQs can be
answered, this needs other methods than
the multimethods used in CWP — meaning
there was no economy for expanding
methods within this project.



Step 1 test of Ozonation



Concentration of pharmaceuticals in CAS effluent vs PNEC value

Inlet concentration to ozonation vs PNEC
5,00 4,00 3,00 2,00 1,00 0,00 -1,00

# Furosemid k| 1 h
sl Gabapentin 4,77 2,76 I o196 N ey

# Gemfibrozil 0,23 Ml o,15
#

Roxithromycin 0,17 Il 0,50
# Bicalutamid 0,26 M o,10

# Diclofenac o,49 GG o,1oh

# Metoprolol 1,45 NI o,1oh

Venlafaxin o,60 I o: h

: Azithromycin o,31 Il o,ogh
: Propranolol 0,0 B 0,10 h
Clarlthromycm 0,15 [l 0,06 h

Lidocaine 0,33 Il 0,00261 h
j Oxazepam 0,21 [l o,0019
Mefenamic acid 0,02 | 0,001 :
# Rosuvastatin 0,0 Wl o,001 h
# Sertraline 0,08 B 0,00052 h

-5 -4 -3 -2 -1 o 1
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Concentration after ozonation at specific ozone dose vs PNEC value

/v
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Furosemid

# Gabapentin
# Gemfibrozil
Roxithromycin
# Bicalutamid
# Diclofenac
# Metoprolol
# Venlafaxin
* Azithromycin
Propranolol
Clarithromycin
# Lidocaine
# Oxazepam

Mefenamic acid

-
—

Rosuvastatin

Sertraline

Specific ozone dose of 0.10

2,00 1,50 1,00 0,50 0,00 -0,50 -1,00
0,00 1
| 0,196 h
2,03 025 NI 0,5 <mm—
0,08 H o15oh
o2 I | o0
028 I o0 h
Loo NN o0 h
o5 NN o: h
0,8 Ml | o,09 h
0,04 0,10
0,06 B 0,06
0,24 I 0,00261 h
0,9 M o,0019 h
0,00 0,001
0,09 [l o,001 h
0,07 Ml 0,00052 h
-2 -2 -1 -1 ) o 1
H QOutlet = PNEC



Concentration after ozonation at specific ozone dose vs PNEC value

/v
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Furosemid

# Gabapentin
Gemfibrozil
Roxithromycin
# Bicalutamid
Diclofenac

# Metoprolol
# Venlafaxin

Azithromycin
Propranolol

Clarithromycin

# Lidocaine
# Oxazepam

Mefenamic acid

Rosuvastatin

# Sertraline

2,00

-2

Specific ozone dose of 0.30

1,50

1,00 0,50 0,00 -0,50 -1,00

0,00

1,77

-2

o0 M

o,o1 |

o,21 [N
0,00

o,7o INIIEGNGNGNEN
o,20 NN
0,00

0,00

0,01 |

o,01 |

o3
0,00

0,00

0,07 M

-1 -1 (o]

®m Outlet = PNEC

0,196 h

0,15

0,150

0,10h
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0,10 h
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Concentration after ozonation at specific ozone dose vs PNEC value

/v

Furosemid

' Gabapentin
Gemfibrozil
Roxithromycin
Bicalutamid
Diclofenac
Metoprolol
Venlafaxin
Azithromycin
Propranolol

Clarithromycin

=

Mefenamic acid

Lidocaine

Oxazepam
Rosuvastatin

Sertraline
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2,00

-2

Specific ozone dose of 0.51

1,50 1,00 0,50 0,00 -0,50
0,00
o,72 NN 0,196 h
0,00 0,15
0,00 0,150
0,17 M o0 h
0,00 0,10
0,08 M 0,10
0,00 0,1
0,00 | 9,09
0,00 0,10
0,00 0,06
0,00 0,00261
0,04 B o,0019 h
0,00 0,001
0,00 0,001
0,00 ©0,00052
-2 -1 -1 0 o)
H Qutlet = PNEC



Concentration after ozonation at specific ozone dose vs PNEC value

Specific ozone dose of 0.71

2,00 1,50 1,00 0,50 0,00 -0,50 -1,00
Furosemid 0,00 1
Gabapentin 104 [N 0,106 < m—
Gemfibrozil 0,00 0,15

Roxithromycin 0,02 | 0,50

# Bicalutamid 0,18 Ml o,10 h
Diclofenac 0,00 0,10

# Metoprolol o1 M o,10 h
Venlafaxin 0,00 0,1

Azithromycin 0,00 | 0,09
Propranolol 0,00 0,10
Clarithromycin 0,00 0,06

Lidocaine 0,00 0,00261

# Oxazepam 0,06 Wl o,0019 h

Mefenamic acid 0,00 0,001
Rosuvastatin 0,00 0,001

Sertraline 0,00 0,00052

-2 -2 -1 -1 o o 1

®m Outlet = PNEC
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Concentration after ozonation at specific ozone dose vs PNEC value

/v

Furosemid
# Gabapentin
Gemfibrozil
Roxithromycin
#Bicalutamid
Diclofenac
Metoprolol
Venlafaxin
Azithromycin
Propranolol
Clarithromycin
Lidocaine
#Oxazepam
Mefenamic acid
Rosuvastatin

Sertraline
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2,00

Specific ozone dose of 1.06

1,50 1,00 0,50 0,00 -0,50
0,00
0,93 NN 0,196 h
0,00 0,15
0,00 0,150
0,15 M 0,10 h
0,00 0,10
0,05 Wl 0,10
0,00 0,1
0,00 0,09
0,00 0,10
0,00 0,06
0,00 0,00261
0,03 I 0,0019 h
0,00 0,001
0,00 0,001
0,00 0,00052
-2 -1 -1 o )

Concentration (pg/L)

®m Outlet = PNEC



Concentration of pharmaceuticals at different ozone dose vs PNEC
- rapidly reacting compounds

Diclofenac Furosemide

0,50 5,00

0,45 4,50
= 0,40 = 4,00
&h &h
=2 035 = 3,50
g o 5
® 0,25 2 2,50
2 0220 2 200
§ > § >
g o015 g 150
S o0 S 100

0,05 0,50
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Concentration of pharmaceuticals at different ozone dose vs PNEC
- intermediately reacting compounds

Metoprolol Gabapentin

1,60 3,50
—~ 140 —
= 4 a 3,00
i:‘l') 1,20 j,:") 250
2 1,00 =
S g 2,00
= 0,80 =
ol el
£ 0,60 g »°
g ¢ 100
§ o §

0,20 0,50

0,00 0,00

0,1 0,3 0,51 0,71 1,06 0,1 0,3 0,51 0,71 1,06
Specific ozone dose (mg O3 / mg DOC) Specific ozone dose (mg O3 / mg DOC)
H Inlet PNEC & Outlet H Inlet PNEC & Outlet
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Concentration of pharmaceuticals at different ozone dose vs PNEC

0,30

0,2

0,2

Concentration (ug/L)
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- slow reacting compounds

Bicalutamid

Spec1ﬁc ozone dose (mg O3 / mg DOC)

u Inlet

0,51

PNEC m Outlet

0,71

Concentration (ug/L)

0,00

Oxazepam

LI

Speufic ozone dose (mg O3 / mg DOC)

u Inlet

0,51

PNEC m Outlet

0,71

1,06



Can ozonation be controlled by UV ?

A UV ,., as control parameter



Delta UV vs specific ozone dose

Delta UV vs?Z
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Removal vs specific ozone dose / Delta UV

/v
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Removal vs specific ozone dose / Delta UV
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Gabapentin :
P Gabapentin
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Removal vs specific ozone dose / Delta UV

/v

Bicalutamid
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Removal vs specific ozone dose / Delta UV

Diclofenac Diclofenac
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Non target screening at different specific ozone doses
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Real challenges for ozonation

Gabapentin
Oxazepam
Bicalutamid
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Conclusion of ozonation

v’ Several pharmaceuticals along with their metabolites are present in the effluent
of CAS

v' Ozonation removes most of the pharmaceuticals

v' Gabapentin, Biculatimid and Oxazepam concentration were above PNEC value
post ozonation in a whole range of applied specific ozone dose

v’ Delta UV can be used for process control
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Step 2 test of GAC



Granular Activated Carbon (GAC)

GAC installed in the WWTP removed all the 53 pharmaceuticals below
limits of their detection

Nevertheless, the GAC filter was not exploited over commercially
relevant times

A small-scale GAC experiment was performed over 6 months at AU

- Granules 0.4-1.7 mm Brennsorb 1240 packed in 180 mL (40cm height) cylindric glass column
- Operated with water-GAC contact time of 25 min (3.6 mL/min flowrate)

- 25.6 EBV/day generated 4,500 EBVs per 6 months



Removal of Pharmaceuticals with GAC over time

Selected examples of the GAC performance over the period:

lomeprol lopamidol

Diclofenac
110 110 110
L1l 1] Q..... 00000000 ®g 60 0O ) 00000000 000 0 00 0 0 0 0 °
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e« * * o e o o e
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110 \V; H H
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14 out of 17 PNEC-violating compounds were removed below PNEC value with 4,500 EBVs.

Compounds in the CAS outflow in April 14 -May 4, 2021 (n=45)

12
10
Compounds exceeding corresponding PNEC values after CAS but
meeting requirements after 4,500 EBV GAC marked in green
8
6
3
4

nide I —

2 ‘ I ‘
0|:|-_=.|:|-._ _|-l-||{_-|EIEII-=-_EI_=.|je..- --_.T.——'
ssetEfelesfElsessssssseescessE)eersegeset
TL i zl|2 | ¢ 2 ¢e 2 22 g Further GAC usage would be limited by
55 30E|° 28 £
DA ] B Clarithomycin, Gabapentin and Venlafaxine
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Compounds not removed to the required level by the GAC experiment

Clarithomycin removal efficiency Venlaflaxine removal efficiency
100 mm.‘...' 100 |essscese 0s0e 000000 4 e ® o
__80 L 80 [
s ® o S
- . c
€40 £40
220 : ‘3%20
Required removal % to meet PNEC
0 0
0 1 2 3 5 0 1 2 3 5
Empty bed volumes (x1000) Empty bed volumes (x1000)
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Determination of removal efficiency of Gabapentin hampered by temporal
changes in conc.

Gabapentin removal efficiency Gabapentin GAC outflow concentration
100 (comoepeogee o@ 0.40
°
80 Abrupt ® — 0.30
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Conclusions GAC

ooooooooooooooooo

v’ Some compounds (e.g., X-ray contrast media) were - __ . ." ™ o+
poorly removed in GAC, but they were not concern '
regarding PNEC values without any tertiary treatment.

Empty bed volumes (x1000)

v' 4,500 EBV GAC would totally remove or reduced below the PNEC values all the
compounds of concern besides Clarithomycin, Venlafaxine and (seasonally) Gabapentin.



Step 3 Ozone and GAC



Extension of GAC lifetime

- Compound experimentally determined as limiting GAC exploitation: Clarithomycin

Clarithomycin removal efficiency

100 |essessseesey , 4 e
_80 ®
§ ® o
T§50 e -
£40
20 Required removal % to meet PNEC
0
0 1 2 3 4 5
Empty bed volumes (x1000)
Clarithomycin pre-removal with ozone Ozone Corresponding Min. further
average removal required GAC EBV
0.16 015 dose /L . EC
014 ; He effluent April 14 (x%) to reach the  exploitation for
: applied
, 012 -May 4, 2021 PNEC the x% of removal
§ 0.10 0.09
v 0.08 0.07 0 Clarithomycin 0.15 0.06 60 3,200
2 0.06
(@] 0.04
0.04 0.15  Clarithomycin 0.09 0.06 33 > 4,500
0.02 .
0.00 . .
0 015 0.25 0.35 0.25  Clarithomycin 0.07 0.06 14 > 4,500

Clarithomycin pg/L
0.35 Clarithomycin 0.04 0.06 -50 GAC not needed



Conclusions Ozonation combined with GAC

Gabapentin
Oxazepam
Bicalutamid

v" The compounds identified as limiting in the ozonation removal (Gabapentin,
Oxazepam, Bicalutamide) could be further removed in GAC after the ozonation

Gabapentin

Oxazepam Bicalutamide
110
00000000 0g0 0 O O 100 |esssesseoces o 000008 © © o o o o 100 |eseseescceso e 000000 o O O O o o
90
. ° . 80 80
g 70 3 ° S g
= = 60 T 60
g 50 . s 8
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10 20 20
removal removal
10 ¢ 1 2 3 4 5 0 0
0 1 2 3 4 5 0 1 2 3 4 5
Empty bed volumes (x1000)

Empty bed volumes (x1000) Empty bed volumes (x1000)

v" Even though application of GAC-only or O;-only would be limited by several
different identified compounds, all the compounds would be removed with

the 0;-GAC combination (besides possibly high/seasonal? concentrations of
Gabapentin)



Conclusions Ozonation combined with GAC

In the worst case (winter period) Gabapentin is factor 5 over PNEC after ozonation
GAC removes 95% for the first 2000 EBV -> OK

While after 2000 EBV decreases to 50% ->

Worst case is PNEC can only be reached with z=1.06 plus GAC with < 2000 EBV



All tested compounds reach targets (<PNEC) with the
combination of ozone and GAC except Gabapentin:

Full confirmation of CW Pharma guideline

Gabapentin situation to be discussed with authorities as very
much relying on on PNEC value.
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