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Mature API elimination technologies
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Source: Stapf, M., et al. (2020). Guideline for advanced API removal. CWPharma Activity 3.4 output.
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Choosing the right technology

Each technology has its pros and cons:

Category

API removal

Technology maturity for API elimination

Process complexity

Reaction products from the water matrix

Transformation products or metabolites

Costs” +

Operational energy required

Carbon footprint
Space requirement

Subsequent sludge application in agriculture

/

Precursors in wastewater?
Energy prices?

Exchange frequency?

4
4
o
4

Specific APIs to be removed?

API / micropollutant

Amisulpride
Carbamazepine
Citalopram
Clarithromycin
Diclofenac
Hydrochlorothiazide
Metoprolol
Tramadol
Venlafaxine

Activated carbon

Ozonation

good — very good
(> 70%)

Sludge disposal?
Carbon footprint?

Benzotriazole
Irbesartan
Oxipurinol”

good — very good
(> 70%)

1noderate — average

(=30-70%)

Candesartan

Formylaminoantipyrine*

Olmesartan
Sulfamethoxazole

moderate - average
(=30-70%)

good - very good
(> 70%)

Valsartan
Valsartan acid”

moderate — average

(=30 -70%)

Gabapentin

none — low

(<30 %)

moderate — average

(=30-70%)

*metabolite/transformation product

Source: Stapf, M., et al. (2020). Guideline for advanced API removal. CWPharma Activity 3.4 output.
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Let’s conduct a WWTP fitness check

:fc‘r?;z Feasibility Detailed 02;:::;:"g
’ 0! CWPh check =L RIEIDE systemi
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Guideline for advanced API removal

e v" Check need for / target of API elimination
U | v Check data availability
v" Identify potential barriers (e.g. precursors, share of
industrial wastewater, sludge disposal)
v" Check for synergies with other goals

I
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Source: Stapf, M., et al. (2020). Guideline for advanced API removal. CWPharma Activity 3.4 output.
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Fitness-check in CWPharma 2

* Individual fitness-check reports for each participating WWTP with
recommendations for further investigation.

* Summary report with anonymous results, clustered at
regional/country level.
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Data basis for evaluation

Questionnaire Single sampling event

at
;, CWPharma2

,,,,,

500 ml sample

__
é', CWPharma2

ure
|PErar - Advanced wastewater treatment for pharmaceutical (API) removal
u ca

Plea fou can also use “Other” to provide additional information or clarification.
5 plesentt OFurther COD reduction _OFurther N reduction CFurther P reduction 1 / l ]Sl l ate Ox

q
7*° CWPharma2
o i hanm

4

ity parameters
for range of concentrations

Ice packs

red| Secondary effluent WWTP effluent Comment

5. Whi 1. Total chemical oxygen "
demand (CODy)

12 Dissolved chemical oxygen | =
demand (CODprs) i

13 Dissolved cegante carbou .
(DOC) i

. Parameters:

] e KWB: Nitrite, pH, conductivity, COD, UVA,_
: Aarhus University: APIs

External lab: Bromide, DOC

Please send the finalized questionnaire as word file or scan to: XXX@YYY.ZZZ

14. Total suspended salids
(TSS)

4

17. Water temperature C

19 questions, =» Not representative, but first impression
translated for DE, LT, LV, PL of selected water quality parameters



WWTP participation at fitness-check

40
Participated WWTPS | o000 50000 pe
@ 50'000 - 100'000 PE
100'000 - 250'000 PE
30 - @ > 250'000 PE
8 Industrial wastewater:
<10% IWW =50 %
20 , 10 - 30 % IWW =30 %
>30 % IWW = 20 %
10 3
13
1 8 -
2 8 ) . v' 83 different WWTPs,
0 2 | el [3 — B = B 2 w/o sampling
DE DK EE FI LT LV PL SE



Individual WWTP fitness-check
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Overall data availability

Ozone : :
v v v W Lac )
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| <€
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— Datan/a
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05 l . [ Data available

COoD TSS T pH Nitrite DOC Bromide COD
total dissolved 10




Dissolved organic carbon (DOC)

25

20 H

. | |
. | | -
10 , § E
5_

mg/L
>
1

N

0~ \ T | T T T |
DE DK EE Fl LT
n 5 34 6 "
Median 1.6 12.5

1
SE

Lv
2
14.9

PL
6 10 8
12.5 14.1 123 1.3

DOC levels are similar in the BSR, but with strong variations within single countries

Most WWTPs with existing API elimination technologies in DE / CH have lower DOC
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Use of COD instead of DOC?

80 -

80 -

60 - 60 -

R?=0.75

y=2.85x-243 y=3.01x + 0.64

CODdiSS (mg/l—)
)
|
CODtotaI (mg/l—)
5
|

20 20 -

0 - 0 - Only COD values < 100 mg/L are included
| | | T | | | | | | T | | |
0 5 10 15 20 25 30 0 5 10 15 20 25 30
DOC (mg/L) DOC (mg/L)

COD might be used as a surrogate of DOC, which is not measured frequently.
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Nitrite (not to be confused with nitrate)

1.2 4

1.0 4

0.8

mg-N/L

0.6 -
0.4 -
0.2 T

=
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—_—

— =3 mgOB/L
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T
DE DK

n 5 34
Median 0.06 0.06

T T T T T 1
EE Fl LT Lv PL SE
6 " 2 6 10 8
0.07 0.07 0.01 0.05 013 0.08

* Nitrite cause an additional ozone consumption of 3.43 mgO,/mg-N
* Opverall, nitrite concentrations in wastewater samples were low
(sampling campaign spring/summer 2021)
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mg/L

Bromide

Bromide concentrations WWTP distance to sea
15 4
° 15 -
Q
N o
1.0 1
= 1.0 — T
o o
. E o i
g o \©
= ‘0
O I
05 4 @ 05 - Cgf'b& °
[=] 00 .
o :© —o——
o - e ==
..... =) N . - :
T == A 2 Ea
0.0 - —— T T T
DIE E;K EIE F‘I Lll' LIV F'IL SIE Coastal (< 5 km) Transition (5 = 20 km) Inland (> 20 km)
n a5 34 3] 11 2 i} 10 8 (I'I=43) (I'I=15) (n=24)
Median 0.18 0.43 0.24 0.1 0.13 0.1 0.14 0.15

Bromide < o0.15 mg/L will not cause relevant bromate formation at typical ozone doses
Elevated bromide levels can have multiple causes (e.g. industrial WW, seawater, ...)

Note: Bromide levels (> 1.5 mg/I) are not shown 14
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Feedback on APIs experiences / motivation

Experience in measuring APls Motivation for API reduction

Total By country Total By country
100% 100%

50% 50% —

80% 80% —

60% 60%

40% —

40%

20% 20% —

0% - 0% —
DE DK EE Fl LT L/ PL SE DE DK EE Fl LT LV PL SE
O APIs were measured before O Not yet, and no intention to measure them @ API reduction O drinking water protection O other
O Not yet, but interested in doing so @ surface water protection O no motivation

Highest motivation:
- surface water protection
- general API reduction

High coverage also due to research programs
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APIs at WWTP effluent

----- [LOQ]
Carbamazepine (pg/l) Diclofenac (ug/l) Metoprolol (pg/l)
3.0 - 8 6 -
PNEC =1.28 pg/L PNEC = 0.09 pg/L . PNEC = 4.38 pg/L
2.5 o m 5 -
| 6 - . T
2.0 - ! 4 - -
159 T 44 T ' 34 .
El -
1.0 E ° ° T I 2 ﬁ : T T
. N R =
0s] L T : | I - Ee . ks
B Th- = = - =
0_0_'_--_'— -------------- 0_----“----------------- O_----—-‘— ----- _——r - - - - - -
| 1 | | 1 I | I I ) |} [ 1 I | | | I I I | 1 | |
DE DK EE FI LT LV PL SE DE DK EE FI LT LV PL SE DE DK EE FI LT LV PL SE
Median 09 03 09 03 03 06 19 03 Median 23 07 34 16 17 20 31 06 Median 22 17 14 05 05 06 13 13
<LOQ 0 2 0 0 1 0 0 0 <LOQ 0 1 0 0 0 0 0 0 <LOQ 0 1 0 0 1 0 0 0
n 5 34 6 11 2 6 10 8 n 5 34 6 11 2 6 10 8 n 5 34 6 11 2 6 10 8

Predicted no effect concentration (PNEC) here based on CWPharma overview.
- PNEC depend on data availability and might change in the future
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Further APIs exceeding PNECs

Clarithromycin (pg/l)

%47 PNEC = 0.004 pg/L

0.3 _

024 ° _'_ I

0.1 - - T —
g-;g 54!

0-0_:::::::::::::::::::::::

DE DK EE FI LT LV PL SE

Median 0.08 0.05 0.13 0.05 0.07 0.05 0.17 0.08
<LOQ 0 0 0 0 0 0 0 0
n 5 34 6 11 2 6 10 8

Sulfamethoxazole (ug/l)
PNEC = 0.04 pg/L

0.6

0.5

0.4 1

0.3

0.2

0.1

0.0

DE DK EE FI LT LV PL SE

Median 0.25 0.05 0.11 0.05 0.07 0.10 0.17 0.13
<LOQ 0 4 0 0 1 0 1 0
n 5 34 6 11 2 6 10 8

APIs that were often below LOQ:
Candesartan (100%), Ciprofloxacin (100%), Clindamycin (96%), Eprosartan (93%),
Phenazone (93%), and lopamidol (84%)

=» Complete results will be available in the summary report

Propranolol (ug/l)

0.25 7 PNEC = 0.01 pg/L

0.20 - - °

0.15 | ue

0104 ! | -
H +

0.05 - e =

=====‘L‘==?====E-——'=o=====
0.00

| |
DE DK EE FI LT LV PL SE

Median 0.08 0.09 0.03 0.13 0.02 0.02 0.06 0.07
<LOQ 1 1 0 0 1 2 3 0
n 5 34 6 11 2 6 10 8



How to read:
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Barriers for API elimination

Disposal of treated sewage sludge Barriers for implementation of APl removal technology

Total By country Total By country
100% - 100% -

50% - 50%

80% 80% -
40%

40%

60% 60% —

40% 40%

20% 20%

0% - 0% -

DE DK EE FI LT v PL SE DE DK EE FI LT v PL SE
| B Incineration O Agriculture B Landscaping O other : t?r?;zagfe : év:;::ﬁ:a"ty = Knowledge
Potential barriers: Some feedbacks:
- sludge disposal (bad for PAC) - What are the ,right APIs to focus on?
- elevated nitrite/bromide levels (bad for ozone) - Expected high costs need to be justified
- high loads of industrial WW (do lab tests) - API elimination vs. carbon footprint

- Insufficient space 21



Individual WWTP fitness-check

pe
iy CWPharma2

Fitness check for API elimination for

WWTPXXX (CC)

CWPharma : WWTP code: CC_nn

November 2021

Prepared by:

Berlin Centre of Competence for Water (KWB)

/v KOMPETENZZENTRUM Umwelt
WasserBerlin Bundesamt
AARHUS UNIVERSITY
- @) Hillerad F i B
(IEP-NRI (@) Hillerad Forsyring ({5

"nterreg

Baltic Sea Region
El

Table of contents:

1) Current status of WWTP
- Treatment process
- Water quality parameters
- API concentrations

2) Evaluation
- Risk evaluation
- Data availability
- Expected PAC/ozone dosages
- Barriers for API elimination technologies
- Interaction with other treatment goals (synergies)
- (Optional) use of existing infrastructure

22



Synergies with other goals / existing infra.

Interested in implementing

measures within next 5 years? Which measures (multiple choice)?

Water reuse COD reduction
15% 15%

No

0,
35% Disinfection

=

N reduction

Yes 33%

65%

P reduction
29%

 Synergies with C and P reduction as well as disinfection/water reuse possible
 Synergies with N reduction limited, ozonation difficult with post-DN
* ~25% WWTPs have post-filtration: Check usage for AC (e.g. PAC retention,
exchange with GAC) or ozonation post-treatment
23



Summary CWPharma 2 fitness-check

CLEAR WATERS FROM PHARMACEUTICALS

a
6 4 CWPharma?2

WWTP fitness check for tertiary treatment

GoAz.1: Fitness check for API removal technology

[ Coming soon ]

/U KOMPETENZZENTRUM
Wasser Berlin
AARHUS UNIVERSITY
KALUNDBORG LATVUAS
Yrmoeons @ oo
D IEP-NRI (@ Hiterag Forsyning 55

"interreg

Baltic Sea Region

Evaluation of ~ 80 WWTPs based on
questionnaire and wastewater sample

Fitness-check reports are being / have been
sent to participating WW'TPs

Summary report will be published in
December 2021

24



Thank you for listening

Any questions? Feel free to contact us:

E-Mail: michael.stapf@kompetenz-wasser.de
KWB: https://www.kompetenz-wasser.de/en/

CWPharma 2-Homepage: https://projects.au.dk/waterpurification/cwpharma-2/
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