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Catchment of the River Blies

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

» Upper Blies catchment area 445 km?
36 Wastewater Treatment Plants with total

capacity of 309 380 PE
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Optimierung der Spurenstoffelimination aus Gewdssersicht

Legal framework Spurfs

River

EU-WFD
EU-EQS

WWTP

N

Secondary clarifier (WWTP Landstuhl, RLP) A { EU UWWTD } River Oster (tributary to River Blies, Saarland) &

(own image) (own image)
» Requirements for quaternary treatment: « Aim “good status” (WFD) 2 below
— Reduction of minimum 80% in relation to the load environmental quality standards (EQS)
of the influent
— Average removal of certain substances  April 2026: Publication of the EU-EQS directive
— At dry weather flow

 Diclofenac AA-EQS surface waters 40 ng/I
- one of the most critical parameters
- EQS exceedances in many cases

* Applies to WWTPs depending on size and
location
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Measured concentrations: S UI',.
sampling sides

uuuuuuuuuuuu

Optimierung der Spurens! toffelimination aus Gewéassersic

Le&end
Grab sampling

Blies:
Nlederlmxweller
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Two sampling campaigns in the
catchment of the upper Blies

Sy Passive sampling e  Grab sampling (n = 26)

— 3 locations in the river
— 2017/2018
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287 (Mundungsmessstelle) Watdnonr & - 29 mlcrOpOIIUtantS

3 Wiebelskirchen
%ﬁé == .  Passive sampling (n = 2)
‘ 4 Sinnerthal/Neunkirchen
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— 8 locations in the river
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6 Limbach
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— 2025: Summer and autumn
— 31 micropollutants
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Measured concentrations in the Blies SpUI’
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Quaternary
Treatment

Reduction at source

4]: e.g. proper disposal,
substitution
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Mass Balance Model StoffFLUSS
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tributary partial flow Input via
(without WWTP) -90 % treatment CSO
WWTP
<> ! N [Q] River flow MQ
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degradation between nodes: S

— * A-K*HRT
Ioadbefore - Ioadafter-1 e

nodes _
<> load e, =

HRT: Hydraulic retention time
k: degradation constant

References StoffFLUSS: Knerr et al. 2020;
7 Venditti et al. 2022, Knerr et al. 2023
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Result: Annual average
concentration

tributary (with WWTP)

viva
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Ioadbefore + IoadWWTP + Ioadtributary

=load / Q
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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

concentration calculated [ng/l]
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< EU-UWWTD: WWTP = 10 000 PE SPUr@
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Optimisation of the removal of micropollutants from a river perspective

/

9

CF = calculated concentration for each
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] ] | All sgenarios:. @
Overview of scenarios [W““i?ﬁogiigct"’”] Spurfe

‘ 8 WWTP
EU-UWWTD WWTP = 10 000 PE 255 500 PE
Outlet 50 ng/l

Objectives

Constraint 26 WWTP
249 080 PE
Outlet 40 ng/l

Minimising sum of PE with
4. treatment

calculated concentration ..
Minimising number of

WWTPs with 4. treatment

at upper Blies outlet
<40 ng/l
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" Minimum number of WWTPs
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Legend
Q == ater (Blies / Oster)
O | Direct discharge
Q i i . “““ Discharge via tributary
oster ' ? O ' ? . T . ? P capacity [PE]:

O 75000 PE

O 2000 PE
Quaternary treatment

Min Number WWTPs; @
14 WWTP
287 100 PE

- Constraint is fulfilled
- Large part of flow length < EQS
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Distribution of contamination
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All scenarios:
Overview of scenarios [W““ 2??O;$ggcti°“] Spurs

Results

‘ 8 WWTP
EU-UWWTD WWTP = 10 000 PE 255 500 PE
Outlet 50 ng/l

Objectives

Constraint o . 26 WWTP
249 080 PE
Outlet 40 ng/l

Minimising sum of PE with
4. treatment

14 WWTP
284 800 PE
Outlet 40 ng/l

calculated concentration
at upper Blies outlet
<40 ng/l

Minimising number of
WWTPs with 4. treatment

Minimising costs fp
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Cost function

SPURENSTOFFE-BW

KomS-Langzeitbetrachtung
Kosten der gezielten
Spurenstoffelimination auf
kommunalen Klaranlagen

| . Actual costs for quaternary treatment from

11 WWTPs in operation (Germany)
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cost function

[ ]

®
" m y = 4.3873x0291
. T @ R?=0.4893

. o T
o T L]
200 000 400 000 600 000 800 000
capacity [PE]

® annual costs per treated wastewater in partial flow [€/m?]

KOMS (2025): KomS-Langzeitbetrachtung Kosten der gezielten Spurenstoffelimination auf kommunalen Kldranlagen. Stuttgart.
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“" Result minimum costs Spurfe
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All scenarios:
with 20% reduction
at source

Overview of scenarios {

EU-UWWTD WWTP = 10 000 PE

Objectives
Constraint

Minimising sum of
PE with 4.
treatment

calculated o
Minimising number

concent_ratlon at of WWTPs with 4.
upper Blies outlet
treatment

<40 ng/l

Minimising costs

Results

8 WWTP
255 500 PE
Outlet 50 ng/l

26 WWTP
249 080 PE

Outlet 40 ng/l

14 WWTP
284 800 PE
Outlet 40 ng/l

20 WWTP
281 530 PE
Outlet 40 ng/I

] Sp

100 %
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Conclusions Spurf2
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Conclusions apply only for the upper Blies catchment and for the critical parameter Diclofenac.

» 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

16 River Basins Conference 2026 | Karlsruhe, Germany  11.06.2026



f ﬁ
Optimierung der Spurenstoffelimination aus Gewdssersicht

KOMS (2025): KomS-Langzeitbetrachtung Kosten der gezielten Spurenstoffelimination auf kommunalen Klaranlagen. Stuttgart.

Knerr, Henning; Gretzschel, Oliver; Valerius, Birgit; Srednoselec, Ivana; Zhou, Junjuan; Schmitt, Theo G. et al. (2020): Modellgestutzte
Bilanzierung von Mikroschadstoffen in Gewassern. In: gwf-wasser (3), S. 55-65.

Venditti, Silvia; Kiesch, Anne; Brunhoferova, Hana; Schlienz, Markus; Knerr, Henning; Dittmer, Ulrich; Hansen, Joachim (2022): Assessing
the impact of micropollutant mitigation measures using vertical flow constructed wetlands for municipal wastewater catchments in the
greater region: a reference case for rural areas. In: Water science and technology : a journal of the International Association on Water
Pollution Research 86 (1), S. 128-141. DOI: 10.2166/wst.2022.191.

17 River Basins Conference 2026 | Karlsruhe, Germany  11.06.2026



Thank you for your
attention!

Thanks for the Funding:

* Ministerium flr Umwelt,

Anja Multhaup Klima, Mobilitat, Agrar

und Verbraucherschutz

E-Mail: anja.multhaup@rptu.de SAARLAND

[ L .
» & Ty
- ]
l

.-il
)
-I-

tectraa — Zentrum fur innovative Abwassertechnologien an der RPTU Kaiserslautern-Landau
Paul-Ehrlich-Str. 14, Gebaude 14, 67663 Kaiserslautern



	Standardabschnitt
	Folie 1: Model-based selection of WWTP for quaternary treatment with minimum costs to meet EU-EQS for diclofenac
	Folie 2: Content
	Folie 3: Catchment of the River Blies
	Folie 4: Legal framework
	Folie 5: Measured concentrations: sampling sides
	Folie 6: Measured concentrations in the Blies
	Folie 7: Mass Balance Model StoffFLUSS
	Folie 8: Comparison of measured and calculated concentrations 
	Folie 9: EU-UWWTD: WWTP ≥ 10 000 PE
	Folie 10: Overview of scenarios
	Folie 11: Minimum number of WWTPs
	Folie 12: Overview of scenarios
	Folie 13: Cost function
	Folie 14: Result minimum costs
	Folie 15: Overview of scenarios
	Folie 16: Conclusions
	Folie 17: References
	Folie 18


