
Model-based selection 

of WWTP for quaternary 

treatment with minimum 

costs to meet EU-EQS 

for diclofenac

Anja Multhaup

Karim Sedki, Henning Knerr, Ulrich Dittmer

„River Basins“- International Conference on 

Monitoring, Modelling and Management of River 

Basins | 11.06.2026 | Karlsruhe

River Blies upstream of the confluence with the River Saar 



Content

Presentation of the 

Blies catchment

Legal framework

Measurements

Mass balance model

Scenarios 

and results

11.06.2026River Basins Conference 2026 | Karlsruhe, Germany2



Catchment of the River Blies

• Length upper Blies (from source to the 
confluence with the river Schwarzbach): 55 km

• Upper Blies catchment area 445 km²

• 36 Wastewater Treatment Plants with total 
capacity of 309 380 PE
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Location of River Blies 
(Saarland, Germany)

28

6

2

Number of WWTPs

53 880

113 500

142 000

Total capacity [PE]



Legal framework
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• Requirements for quaternary treatment:
− Reduction of minimum 80% in relation to the load 

of the influent

− Average removal of certain substances

− At dry weather flow

• Applies to WWTPs depending on size and 
location

• Aim “good status” (WFD) ≙ below 

environmental quality standards (EQS)

• April 2026: Publication of the EU-EQS directive 

• Diclofenac AA-EQS surface waters 40 ng/l
→ one of the most critical parameters

→ EQS exceedances in many cases

EU-WFD

EU-EQS

Secondary clarifier (WWTP Landstuhl, RLP)

(own image)

River Oster (tributary to River Blies, Saarland)

(own image)

WWTP
EU-UWWTD

River

4. 
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Two sampling campaigns in the 
catchment of the upper Blies

• Grab sampling (n = 26) 
− 3 locations in the river

− 2017/2018

− 29 micropollutants

• Passive sampling (n = 2) 
− 8 locations in the river

− 2025: Summer and autumn

− 31 micropollutants

Measured concentrations: 
sampling sides



Measured concentrations in the Blies
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Ablage der Diagramme:

Passivsammler: 
S:\tectraa\Projekte_eV\2024_SpurO_S
aarland\04_Projektbearbeitung\C_unte
reBlies_gesamt\Spurenstoffe\2026_05
08_Passivsammler_amu.xlsx

Grab sampling:

S:\tectraa\Projekte_eV\2024_SpurO_S
aarland\04_Projektbearbeitung\B_ober
eBlies\River_Basin_Conference_Upper
Blies\2026_0519_Modell_Einzielopt_S
olver_DCF_obereBlies_amu.xlsx
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Diclofenac: Passive Sampling 2025

PS_Summer PS_Autumn AA-EQS * tributary

7 from 9 passive samplers > 40 ng/l 
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Diclofenac: Grab Sampling 2017/2018

Niederlinxweiler

Ingweiler

Wiebelskirchen (tributary)

AA-EQS

Ingweiler (end of upper Blies) > 40 ng/l 

Quaternary 

Treatment

Reduction at source

e.g. proper disposal, 

substitution



Mass Balance Model StoffFLUSS
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[Q] River flow MQ

tributary 

(without WWTP)
tributary (with WWTP)

Input via 

CSO

loadafter = loadbefore + loadWWTP + loadtributary

c = load / Q

degradation between nodes:

loadbefore = loadafter-1*e
-k*HRT

Result: Annual average 

concentration

HRT: Hydraulic retention time
k: degradation constant

References StoffFLUSS: Knerr et al. 2020; 
Venditti et al. 2022, Knerr et al. 2023

DCF 0,65 mg/PE/d

- 20%

- 26% 80 % 
partial flow 

treatment4.
WWTP

WWTP

nodes

load

- 90 %



Comparison of measured and calculated 
concentrations 
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• Calculated 

concentration: 

Ratio of annual

average load and 

discharge in river at 

the day of sampling 

• Most of the values 

inside the range of 1:2 

and 2:1

Ablage unter:

S:\tectraa\Projekt
e_eV\2024_Spur
O_Saarland\04_P
rojektbearbeitung\
B_obereBlies\Riv
er_Basin_Confere
nce_UpperBlies\2
026_0519_Modell
_Einzielopt_Solve
r_DCF_obereBlie
s_amu.xlsx
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Current
situation

EU-UWWTD

Distribution of 
contamination factor (CF) 

CF = 0 0 < CF ≤1 1 < CF ≤2

2 < CF ≤4 4< CF ≤6

EU-UWWTD: WWTP ≥ 10 000 PE
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8 WWTP

255 500 PE
→ Concentration at outlet 50 ng/l

→ Most of length higher than 40 ng/l

4. 

CF = calculated concentration for each 
section/ EQS

Optimisation of the removal of micropollutants from a river perspective



Results 

Constraint 

Overview of scenarios
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calculated concentration 

at upper Blies outlet

≤ 40 ng/l

Minimising sum of PE with 

4. treatment

Minimising number of 

WWTPs with 4. treatment

26 WWTP

249 080 PE

Outlet 40 ng/l

8 WWTP

255 500 PE

Outlet 50 ng/l

WWTP ≥ 10 000 PEEU-UWWTD

4. 

All scenarios: 

with 20% reduction 

at source

Objectives



Minimum number of WWTPs

11.06.2026River Basins Conference 2026 | Karlsruhe, Germany11

Min Number WWTPs:

14 WWTP

287 100 PE

0%

20%

40%

60%

80%

100%

Current situation Min Number
WWTP

Distribution of contamination 
factor

CF = 0 0 < CF ≤1 1 < CF ≤2

2 < CF ≤4 4< CF ≤6

→ Constraint is fulfilled

→ Large part of flow length < EQS



Constraint 

Overview of scenarios
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calculated concentration 

at upper Blies outlet

≤ 40 ng/l

Minimising sum of PE with 

4. treatment

Minimising number of 

WWTPs with 4. treatment

26 WWTP

249 080 PE

Outlet 40 ng/l

14 WWTP 

284 800 PE

Outlet 40 ng/l

8 WWTP

255 500 PE

Outlet 50 ng/l

WWTP ≥ 10 000 PEEU-UWWTD

4. 

Minimising costs

All scenarios: 

with 20% reduction 

at source

Objectives

Results



Cost function

KOMS (2025): KomS-Langzeitbetrachtung Kosten der gezielten Spurenstoffelimination auf kommunalen Kläranlagen. Stuttgart.
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Result minimum costs
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Min Costs

20 WWTP

281 530 PE

0%

20%

40%

60%

80%

100%

Current situation Min cost

Distribution of Contamination 
factor

CF = 0 0 < CF ≤1 1 < CF ≤2

2 < CF ≤4 4< CF ≤6

→ Constraint is fulfilled

→ 50% of river > EQS



Results 

Objectives 

Constraint 

Overview of scenarios
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calculated 

concentration at 

upper Blies outlet

≤ 40 ng/l

Minimising sum of 

PE with 4. 

treatment

Minimising number

of WWTPs with 4. 

treatment

26 WWTP

249 080 PE

Outlet 40 ng/l

14 WWTP 

284 800 PE

Outlet 40 ng/l

8 WWTP

255 500 PE

Outlet 50 ng/l

WWTP ≥ 10 000 PEEU-UWWTD

4. 

Minimising costs

20 WWTP 

281 530 PE

Outlet 40 ng/l

costs 

109 %

106 %

100 %

81 %

27 km

48 km

27 km

15 km

All scenarios: 

with 20% reduction 

at source

Length 

< EQS 



Conclusions

• Selection of WWTP (> 10 000 PE) in accordance with the EU-UWWTD is not sufficient

to reach requirements by EU-EQS for diclofenac

• Selection of all WWTP without reduction source is not sufficient 

→ Equipment of WWTP with quaternary treatment is only one part 

→ reduction at source is needed!

• Constraints need to be chosen depending on the arrangement of WWTPs in the 

catchment

• Minimum number of WWTP is a suitable target for practical use

• Outlook: Application of this method to the to the entire Blies catchment, sensitivity 

analysis, pareto-optimisation
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Conclusions apply only for the upper Blies catchment and for the critical parameter Diclofenac.
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