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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.

N



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

0’ AAAAAAAAAAAAAAAAAAAAAAAAAA

Guideline for advanced API removal

GoA3.4: Optimization and control of advanced treatment

WWTP Optimizing

fitness
check

existing
systems

Feasibility Detailed
study planning

v" Check need for / target of API elimination

v" Check for synergies with other goals

v" Check data availability

v" Identify potential barriers (e.g. precursors,
share of industrial wastewater, sludge
disposal)

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

 Participating WWTPs will receive an evaluation report
with recommendations for further investigations.

* Results will be summarized in anonymous form in a public
report, clustered at regional/country level.
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Data for evaluation

Questionnaire Single sampling event

at
;, CWPharma2

Was,te\m[er treatment planl (WWTP) processes

i . lf.".CWPharmaz 500 ml Sample

@ o nAlme

ure
|PErad - Advanced wastewater lreatment for pharmaceuncal (API) removal
Plea can also use *Other” to provide additional info clarific

:\F ther (U[lr»d Z\F rther Nm‘ OFurther P reduction | ). Insulated bOX

at
of CWPharma2
ety e i e e Ice packs
the n'uTr.:;jrmu, pl )
Uni "__:':’l'“ed Secondary effluent WWTP effluent Comment
s ~Todmitoms || o
e e
13- Dissolved organic carbon L o
(DOC) mef
g || o Parameters:
endup) . Nitrite (NO;) mgNL| O . . o e
- e P KWB: Nitrite, pH, conductivity, COD, UVA,,
17. Water temperature C o . .
T Aarhus University: APIs
e OYes  ONo . :
External lab: Bromide, DOC
Please send the finalized questionnaire as word file or scan to: XXX@YYY.ZZZ

19 questions, =» Provide a first impression of certain water

translated for DE, LT, LV, PL quality parameters, although not representative
6



40

30

20

10

WWTPs which participated in sampling c.

Participated WWTPs

@ < 10'000 PE

@ 10'000 - 50'000 PE
@ 50'000 - 100'000 PE
©100'000 - 250'000 PE

< @ > 250'000 PE
8
7
3
13
3
8 1 8
2
1 4 6
2 ] 3 T F1 el B
DE DK EE Fl LT LV PL SE
5 34 6 11 2 6 10 7

Share of industrial
wastewater; DK WWTPs:
<10% IWW = 50 %
10 - 30 % IWW = 25 %
>30 % IWW = 25 %

(81 total)



What about APIs at WWTPs in DK?

Barriers for API

APIs already measured? Motivation for API reduction . :
elimination technologies

4%

OYes API reduct;

ONo a S fre uction : O Legislative

O No interest in measuring B Surface water protection @ Financial
O Drinking water protection :
B Other 0O Water quality
O None B Capacity

0O Knowledge



Data availability at secondary /| WWTP eftluent

(Ozone) Ozone Ozone & AC
100% l_L\
80%
60% O Measured
[0 Not measured
40% O Unclear
20%
0%
e e Q O
k’s’c}\ \ @é & o@\b b"o Qo
@QQ’ &6@ o) 0\\\0
A& &%"

DK only, based on questionnaire feedback



Organic content of wastewater

Total chemical oxygen demand (COD
80 Y9 ( total) Dissolved organic carbon (DOC)
30 -
S o o
2
60 o
: 20
H — o
- : : i
B 40 A o = i ; 3 -
15 : : ] :
£ E : :
= = — : -
: E— 10 ‘ B : :
20 - | —
5 -
D - T T T T T T T 1 D - r T T T T T T
DE DK EE FI LT LV PL SE DE DK EE FI LT
n 5 34 6 hh 2 6 10 8 n 5 34 6
Median 34 37 43 38 52 42 39 37 Medial 11.6

1
v PL
1 2 6 10 8
12.5 14.9 12.5 116 12.3

11.3

DOC levels are similar in the BSR, but with strong variations within single countries
Most WWTPs with existing API elimination technologie in Germany / Switzerland
have lower DOC

11.3



Use of COD instead of DOC?

COD to DOC - all samples Total COD (mg/L) - DK only
80 70 —
s} qbu)D ®
60 7]
-y > 50 —
E o
E S 40 5 ©
T 401 R?=0.76 é o
=) y=3x+0.79 s 30 OOCDé) o
O (el 1 ° -0
O || lower
20 = 20 g o
§ 10 —
higher
0 - Only COD values < 100 mg/L are included 0 — _—
! | | . | | | T T T T T T 1
0 5 0 1200 23 30 0 10 20 30 40 50 60 70
DOC (mg/L) Sample

* COD might be used as a surrogate of DOC, which is not measured frequently
* Measured COD in the summer was higher than the yearly average reported.
=» Overall DK-DOC level = 10 mg/L instead of 12.5 mg/L!
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Nitrite (mg-N/1)

Nitrite concentration (mg-NJL) Estimation with a specific ozone dose of 0.5 mg0;/mgDOC

10

Ozone dose (mgOs/L)

HDD e TR W )

DK WWTPs DK WWTPs

* Additional ozone consumption: 3.43 mgO,/mg-N

Based on samples, share at total required ozone dose (here) up to 14%!
Ratio might be higher as average DOC is lower and nitrite levels (peaks) could be higher.
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mg/L

Bromide concentrations

By country By distance to sea
1.5 4 1.5 -
© o
—_ ° 0©
1.0 = 1.0 - —T—
=2 o
o ‘g’ o (o]
S oy
E e}
e '
| @ 05 %5 o
0.5
. 85
o ——
o L —O——
I} T s e | % _________ [ _____ [, ) | L R
o - 8 s
— — 0.0 T
0.0 - r T T T T T T T
n E::E 2!;( EaE '1:1| LzT Coastal (< 5 km) Transition (5 — 20 km) Inland (> 20 km)
Median 0.18 043 0.24 0.11 0.13 (I"I = 43) (n = 15) (n = 24}

Bromide < 0.15 mg/L will not cause relevant bromate formation at typical ozone doses

Note: Bromide levels (> 1.5 mg/I) are not shown 13




APIs at WWTP effluent

Carbamazepine (ug/l)

3.0 4
PNEC =1.28 pg/L
2.5 T
2.0
154 ° -
1.0 E ° ° T
054 +~ T E o
00 f===-t-===== S
I I I T I T I T
DE DK EE FI LT LV PL SE
Median 09 03 09 03 03 06 19 03
<loq 0 2 0 0 1 0 0 O
n 5 3 6 11 2 6 10 8

Predicted no effect concentration (PNEC) vary with data availibility and might be differnt in DK;

Diclofenac (ug/l)
8 -
PNEC = 0.09 pg/L
-
6 1 . |
|
4 _'_ T ’ I
27 - R ; ——
] = —t
= -—
O_IIII“-.-.-..----.-IIII
| I I | I I | |
DE DK EE FI LT LV PL SE
Median 23 07 34 16 17 20 31 06
<LOQ 0 1 0 0 0 0 0 0
n 5 34 6 11 2 6 10 8

PNECs here based on CWPharma overview.
PNEC refers to concentration in water = dilution of recieving water body

Metoprolol (ug/l)

PNEC = 4.38 pg/L
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0 1 0 0 1 0 0 0
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Additional APIs exceeding PNECs in DK |Z22Zioq

Clarithromycin (pg/l) Sulfamethoxazole (ug/l) Propranolol (ug/l)
04 0.6 N
PNEC = 0.004 pg/L PNEC = 0.04 pg/L 025 PNEC = 0.01 pg/L
059 © 0.20 ;
0.3 ' o
! 0.4 '
] - | 0.15 | —
0.2 E 0.3 - =
. . 0104 I | —
0.1 Q - - ° 0 . ' . ; + !
- E : 0.1 - 0.05 ' ° =
—:— _:_ e = - - : — —_ .
____-_‘___-________——————— =====—L==£====E_-__'======
00 f=======z=z=z=z=zzzzzzzzzzo 0.0 i
T T T T T T T T T T I T J ! ! ! 0.00 T T T T T T T T
DE DK EE FI LT LV PL SE | DE DK EE FI LT LV PL SE DE DK EE FI LT LV PL SE
tn?_%aé\ o.ga 0,85 0'33 0.85 0'87 0.85 0.37 0.88 'L"?_‘g%‘ 0~§5 025 031 0-85 D‘;” 0-80 0‘117 033 Median 0.08 0.09 0.03 0.13 0.02 0.02 0.06 0.07
n 5 3 6 11 2 6 10 8 n 5 3 6 1 2 6 10 8 <L|?Q ; 314 g 101 ; g 130 g

« In DK, 8/35 APIs were below LOQ in all WWTP samples (3 APIs had PNEC < LOQ)
* Complete results will be published in the summary report



APIs at individual WWTP
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Individual recommendations

Barriers for API technologies exist?

- sludge disposal (bad for PAC) 17 DK WW'TPs w/o incineration &

- elevated nitrite/bromide levels (bad for ozone) elevated (0.15 - 0.5 mg/L, n = ?O) or

- high loads of industrial WW (do lab tests) high (> 0.5 mg/L, n = 7) bromide levels

Need for API elimination
- First idea on local API levels, comparison to PNEC w/o dilution (worst case)

Data availibility
- In most cases, DOC, nitrite and bromide levels are not available 2 start measurements

Potential use of existing infrastructure
- Use as ozonation post-treatment or filter systems (PAC retention, exchange with GAC)?

7 from 34 of the DK WWTPs have filters (e.g. sand, multi-layer)
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Potential synergy effects (DK)

Interested in implementing
measures within next 5 years?

O No 13

OYes
21

4R

5%

Which measures (multiple choise)?

@ Further COD reduction
O Further N reduction

O Further P reduction

B Disinfection

O Water reuse

 Synergies with C and P reduction as well as disinfection/water reuse possible.
 Synergies with N reduction limited, ozonation difficult with post-DN

18



Coming soon...

Summary report will be published

Individual reports will be sent to
participating WWTPs

Final CWPharma 2 webinar:
23/11/2021

q
7* CWPharma?

0, AAAAAAAAAAAAAAAAAAAAAAAAAAAA

WWTP fitness check for tertiary treatment

GoAz.1: Fitness check for API removal technology

[ Coming soon ]
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Thank you for listening

Any questions? Feel free to contact me:

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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