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Where we are from: The UFZ as a part of the Science Park Leipzig

= Established in 199; 37 departments in 7
thematic divisions

Personnel / ca. 1,190 employees in total

= ca. 650 scientists

= ca. 300 postgraduates incl. guest
postgraduates

» ca. 670 guests and assistants

= 42 joint appointments with German
Universities

= 59 trainees in 9 disciplines

* Funding: BMBF 90%, Saxony 5% and
Saxony-Anhalt 5%; approx. Systemic,
interdisciplinary environmental research,
solutions for managing complex

Picture: PUNCTUM - ’ environmental systems

www.ufz.de



Neads for Wastewater Management with progressive Civilization

Sanitary services are the most

important P+ | 215.000 Km?

London.-Clean water and wastewater treatment
represent the most important advance in medicine
since 1840. This was the result of an Internet
survey conducted by the British Medical Journal
(BMU). This renowned journal listed 15 advances
in medicine and asked its readers to select the
most important o. Around 11,000 readers from
around the world participated in the survey in the
last two weeks. Behind public hygiene in first place,
antibiotics came second and anaesthetics came
third.

(bva)

WA

Tages Anzeiger, 24.1.2007

/ www.ufz.de 3




Surface Water Quality in Germany and Indicators

Ecological tatus of surface water Chemical status of surface water
(biological indicators) (33 pollutants)

Do we have the right
indicators?

Good
Bad

Not classified

Good

Do we have the right

management strategies oLtz

Poor

Bad !TRE FOR
IRONMENTAL

Not classified EARCH - UFZ
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Neads for Wastewater Management with progressive Civilization

n
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S ...and
_8 Climatic
n
3 Change?...
o
1800 1960 1970 1980 2015 2025
India (Ganges) : : Europe (Rhein)

Different treatment

priorities on local
level




Challenges in Wastewater Management
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Long-term water infrastructure focal points of
investment in Leipzig

Interdisciplinary I nve St men t fO Cus:
tasks
5%
Wastewater Treatment Plants ° S ewer n etW or k
% .

refurbishment

Water Sll(lpply .

", * Applies for the next 20
years

Investment backlog:

Waterworks * 1/3 Of the sewer network |S
o over 75 years old

Sewer network
52%

Distribution of investment requirements of KWL
(From KWL's long-term planning 2013-2032)

No CLIMATE CHANGE Scenarios: > 800.000.000 € included (till 2045)




* Public sewer network: Length of approx. 575,600 km

* Repair: 113 €/m

* Refurbishment: 411 €/m

* Replacement:. 1584 €/m

 Development: 909 €/m E veLmmorre

Zustand der Kanalisation in Deutschland; DWA Umfrage in Deutschland, 2015 CENTRE FOR
ENVIRONMENTAL

RESEARCH - UFZ
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Facts on centralized wastewater infrastructures

Centralized Wastewater Treatment

drinking
water
treatment

water

consumption

central waste
water
treatment plant

effluent

sewage sludge

Freshwater

demand

High Water Consumption

large quantities of water
are necessary for
transportation of , waste"
materials

flushing sewers are
working well only with a
minimum water
consumption

due to that a reduction of

water consumption makes

sense only up to a certain
level

Costs

maintenance and
reconstruction of sewer
system

enhancement of WWTP
for nutrient elimination

Stressing of Receiving
Water

with pollutants as
chemicals,
pharmaceuticals,
endocrine effective
substances

Mixture of Material
Flows

dilution results in a
higher effort for
treatment in WWTP

nutrients are
eliminated, not utilised

Risks of Sewage Sludge
Utilisation

from heavy metalls and
anthropogenic organic
pollutants

Inflexible after construction

/




Current situation: Today's city Water Manager@

Have the limits of natural ecosystem
been reached?

l

Potable water brought in Wastewateriromoyed

p$$S5S SRR Sewer networks $$$$5$ $SSS$S

Source: Meeten et. al. 2012




Towards Tomorrow's city?

1 Better use of water
1 More resilient network

Decentralised or semi-centralised

Infrastructure
1 Adaptable to change
Advanced wastewater
treatment with water
recycling
LLESS water brought in LESS wastewater removed

Meeten et. al. 2012 " Redirected capital investments




Definition: Decentralised wastewater treatment

Decentralized 1 iy _ Decentirélized 2

“Decentralised wastewater
systems

collect, treat and reuse or dispose
wastewater

at or near its point of generation.




Potentials of Decentralized Wastewater Infrastructures

Reuse of treated wastewater provide
the communities with additional water
resources in the /ocal scale

DWWT is a flexible tool for
infrastructural planning: Helps to cope
with the dynamics of
demographic/climatic change
(suburban scale)

DWWT in rural settlements help to
support groundwater protection in a
regional scale

Reduction of Investments and O&M
costs on national Level

Specific

treatment |

Costs
(€/m?)

DWWTP 0.94
benefits
Tanker \

| Solution 2,33

LMHOLTZ
ENTRE FOR
NVIRONMENTAL
ESEARCH - UFZ




Wastewater “System-Architecture”

Centralized Systems have

High efficiencies for

Sufficient availability of water
Concentrated settlement
Stable planning horizon

Slow population development
Availability of public funds

Low efficiencies for

» Water scarcity

 Dispersed settlement
 Lack of planning security

* Dynamic population
development
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« Low availability of public
funds
ﬁHELMHOLTZ

CENTRE FOR

Advantages of decentralized systems e
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2018 Decentralized Wastewat

Science and Implementation -

m Office in the Jordanian
Ministry of Water and
Irrigation

m Framework Arabic & English
12/2015

m Submission of Framework to
the Jordanian Cabinet in

January 2016
m Adoption of the framework and -
pOIicy February 2016 Eccj:mic decision support ALLOWS

MHOLTZ
NTRE FOR
VIRONMENTAL
SEARCH - UFZ

water Sector




—[ Ministry of Water & Irrigation

*Secretary Generall
*Secretary General Assistant Strategies & Policies

L

Water Authority of Jordan —
«Secretary General Assistant Laboratories & Water
Quality

—[ Jordan Valley Authority | I

*Secretary General Assistant for the North and Middle
Jordan Valley

_( Ministry of Environment

«Director of Inspection and Control

Jordanian Standards and Metrology
Organization

«Director of Inspection and Control

|

"

Research — UFZ

*Head of Department ‘Center of Environmental
Biotechnology’

_L Helmholtz Center for Environmental

I

— University of Jordan !

National Implementation Committee for

Effective Decentralized WW Management
in Jordan” - NICE

AS
b AN

AV

Housing and Urban Development
Corporation

NICE

National Implementation

Committee for Effective

Decentralized Wastewater
Management

+Manager of Studies, Design and Tenders

_[ Ministry of Health

*Director of Environmental Health

_{ Ministry of Municipal Affairs

*Director of Projects

J Ministry of Agriculture

+Director of Irrigation and Land Use

Ministry of Planning &
International Cooperation

*Head of Waterand Agriculture Division

_[ Al-Balga Applied University

*Dean of Scientific Research

« Water, Energy and Environment Center

—{ German Jordanian University |
*School of Natural Resources Engineering and

Management

J Royal Scientific Society

*Head of Water Studies Division

MHOLTZ

Observers: GIZ, BMZ, KfW,
ACWUA, IUCN

INTRE FOR
IVIRONMENTAL
:SEARCH - UFZ
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Pioneer Work — Blue Print for other Regions?

German Environmental Prize; 2018

ﬁ HELMHOLTZ

CENTRE FOR
ENVIRONMENTAL
RESEARCH - UFZ
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Perspectives on Drug Control with
Water Mangement Technologies

ﬁ HELMHOLTZ




Overview of possible entry paths of micropollutants
into water bodies
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—— Eintrdge aus diffusen Quellen: Sprayabdrift, Oberflachenabfluss, Drainage, Versickerung ins Grundwasser

—_> Eintrége in die Kanalisation und aus KI3 ~= Schadstoff

/ SEITE 19



Micropollutants and the fourth purification stage in municipal wastewater
treatment plants

Procedural limits:

Process Resources Application

simultaneous

insalan afr oy = Established 1-3th treatment steps

the filter in adsorption stage
countercurrent

adsorptive principle : . .
R — ko = the uncertainty about by-products in

e MEresn oxidative processes

Installation before

e e = slip and desorption of powder activated

__ o _ carbon
Removal of -'4 biological organisms Activated sludge

Micropollutants

= high consumption of chemical auxiliaries

| ozone_| .
—{_oeive_| e siandard = high maintenance costs,personnel and / or

Advanced treatment process

%xidation Spatlal Ca paCIty
—

]

physically

Reverse Osmosis

/ www.ufz.de 20


https://wasserdreinull.de/en/our-offers/technology/municipal-wastewater

Overview of possible Entry Paths of Micropollutants
into Central Wastewater Treatment Plants

Entry Paths into WTPs

Private households

Road run-offs &
open Spaces Biozide

Biozide HAM

PSM WRM

Chemikalien Chemikalien
- @ @

End of Pipe Treatment

Private Households | Industry/Companies &
BioETiE Health Institutions .
PSM | House Facades / Roofs | Biozide POlnt Sou rces
Chemikalien HAM
Biozide, Chemikalien WRM
Chemikalien
v

—> Punktquellen: Eintrdge in die Klaranlage ——= Schadstoffe /
www.ufz.de 21




Decentralized Technologies: Flexible in Treatment performance

Technology Line: Decentralized Wastewater Treatment

Eco-
Technologies

Constructed
Wetlands

Sand Filters or Soil
Filters

Purification Ponds

Quelle Wasser 2050

Activated Sludge

Technologies

Techniques/Processes

Activated Sludge

Process with Sludge

Recirculation

Activated Sludge

Process in Sequencing
Batch Reactor (SBR)

Technologies

Biofilm
Technologies

Trickling Filter

Submerged
Trickling Filter

Fixed Bed Reactor
Fluidized Bed
Reactor

Rotating Disk
Filter

Membrane
Technologies

Reverse Osmosis

Nanofiltration

Ultrafiltration

Microfiltration

Anaerobic
Technologies

Upflow Anaerobic
Sludge Blanket
(UASB)

Anaerobic Fixed
Bed Reactor

Anaerobic
Fluidized Bed
Reactor




Example: Decentralized Eco-Technologies

Why Nature-Based Solutions?

i‘ & -
l\rl—\r\'l-nrl +Ar r\ﬂ'odular
construction

= Simple O&M
= Can be built from local materials

= Suitable for use in urban settings

ated into
~~isting centralized wastewater

‘ e = s ructure

7




New Designs: Nature-Based Technologies for Wastewater
Treatment

Conventional

= Complete CBODs removal

= Stable nitrification despite
winter water temperatures
aslowas1® C

= 4.0 log unit removal of E. coli
in one treatment step

Boog et al. (2014) STOTEN

Boog et al. (2018) Wat. Res.
Headley et al. (2013) Ecol. Eng.
Kahl et al. (2017) ES&T

Nivala et al. (2013a,b) Ecol. Eng.
Nivala et al. in prep, Wat. Res.




Nature-Based Solutions: Technology Development
New National Design

Langenreichenbach, Germany Standard
o = DWAC | DWAC
DWA Set of Rules A-Regelwerk
Standard DWA-A 262E itsblatt DWA-A 262

Principles for Dimensioning, Construction and Operation of Wastewater emessung, Bau und Betrieb von Ksraniagen mit
Treatment Plants with Planted and Unplanted Filters for Treatment of zten Filtern zur Reinigung K§bslichen
Domestic and Municipal Wastewater

§ November 2017

Grundsitze fiir Bemessung, Bau und Betrieb von Kldrantagen mit
bepflan: nbepflanzten Filtern zur Reini suslichen und

kommunalen Abwassers
November 2017

= UFZ served as task group member and co-author
= Six new technologies (two from UFZ)

= First national guideline in the EU that is
officially translated and published in English

= Go-to design standard in countries where no
such document exists

7

Nivala et al. (2018) WST 78(11):2414-2426

e S



Perspectives on Drug Control with
Water Mangement Technologies

ﬁ HELMHOLTZ




Micropollutant degradation in Ecotechnologies:

Characterization, resilience, and
optimization of micropollutant and
biological effect removal by treatment
wetlands treating municipal wastewater

Nadine Angela Sossalla

ﬁ HELMHOLTZ

CENTRE FOR
ENVIRONMENTAL
RESEARCH - UFZ
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Basic technology — treatment wetlands

Horizontal flow system

Vertical flow system

/ www.ufz.de
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Knowledge gaps

= Analysing micropollutants means to analyse known compounds

» impossible to quantify every individual compound present in a water sample
* High number of methods needed to quantify all compounds
= un-’known transformation products
= interaction between pollutants and/or transformation products

= Sum environmental effect of pollutant mixtures not known

How can we account for all of the pollutants in

a given water sample?

/ www.ufz.de 29




Research questions of the doctoral thesis

Do treatment wetlands effectively remove specific relevant biological effects?
To which extent does treatment wetlands remove biological effects?

Is there a correlation between removal of micropollutants and removal of biological
effects?

Which are the most efficient design aspects for the removal of biological effects?

How resilient is a treatment wetland in terms of removal of micropollutants and biological
effects?

/ www.ufz.de
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Treatment wetlands

£

= Langenreichenbach, Leipzig — Germany ; | »_[-‘ :ﬁ-*—‘\‘i:;':ﬁ;’.‘,

= Secondary treatment steps of municipal wastewater
= Seven treatment wetlands and a municipal wastewater treatment plant

e —

Municipal
Wastewater

treatment
plant

WWTP

/ www.ufz.de 31




Model Compounds in Wastewaters

Compound Chemical Structure Application 2 Biodegradability
Caffeine e 9 £Ho Stimulant High (aerobic)’ N W M BMBF funding measure
(CAF) ¢ \NJ:[N Medium to high awwa °

02\? I N/> (anaerobic)'2 &’ R l S Kwa

CHy
Ibuprofen CHo NSAID High (aerobic)3+56 %
(IBU) mw Low (anoxic, anaerobic)?® S;Sé(ml\gfg;ggeén:nq;ounds
e and Pathogens in
Naproxen CHs on NSAID Medium to high the Water Cycle
(NPX) . OO I (aerobic)?457
° Medium to high Handbook of good practice
(anaerobic, anoxic)?” ]
Benzotriazole H Corrosion Low to medium
(BTZ) @h{) inhibitor, (aerobic)®®1°
antifreeze agent  Low (anaerobic)®%1°

Diclofenac ol NSAID Low to high
(DCL) @:NH (aerobic)3 4567811

a mOH Low (anoxic,

o anaerobic)?*67°
Acesulfame o Artificial Low ® (aerobic, anoxic, https://riskwa.de/Downloads/_/
(ACE) | LK sweetener anaerobic)' : RISKWA Hand bOOk Of gOOd
_$=0 : — — —
W e —2 practice.pdf
Carbamazepine = Anticonvulsant Low (aerobic)*5910 -
(CB2) D . / Low to medium (anoxic, P —
P anacrobicj401012 ® |
and Research

/ www.ufz.de 32




Micropollutants

= Seven indicator chemicals identified and a simple method developed (HPLC-
MS/MS; direct injection) to analyse micropollutants

- Micropollutants selected according to different level of biodegradation under
aerobic conditions

/ www.ufz.de 33




Identification

Water Researcy 201 (2021 117349

Contents Jjqs available g¢ ScienceDirecy

Nadine A, Sossalla b, » Jaime Nivala ©, Thorsten Reemtsmg e Rita Schlichu'ng L
Nicolag Forquet‘, Manfreq van Afferden 5 Rolanq A. MlliHer", Beate |, Escher ¢
Centre for h:wunmmm/ Rfal{rﬂnalﬂ){y, Helmholzz Centre for an‘rwzmenm/ Resear

rch (UFz), Permoserstrasse 15, Leipig 0431, Germany
arch 2021, 201, 1

17349; doi:10. 1016/ Watres.2021 17349

s
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tment wetla

= Seven trea
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' course of one y
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Increasing Removal Efficacy

Non-Aerated

Horizontal Flow
Treatment Wetland

Effects

Micropollutants

T

o
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(%) |lenowas peo

suagosaqQO

Ao1uagouysy

asuodsay ssaJ1S 2AEPIXO
J01da234 uoquedolpAy|Aiy

auldazeweqse)
awey|nsaoy
JeuajopIq
3|ozelyozuag
uaxoudep
uajoidnq
sulayjedn

35

/ www.ufz.de




Influence of the redox milieu on the removal of micropollutants and
biological effects in aerated horizontal flow treatment wetlands

> b 7 ‘/‘".V( ot

4

85% aerated
One year

7 . &

35% aerated
6 months

50% aerated
5 months

N\

IN 125 25 50 75 ouT




Conventional Wastewater Parameter

154

Control Test
100% aerated 50% aerated
©
S 1004 — -
(@) =
: 7 +
‘D -
L 80
I 1 1 1 1 C
0.00 0.25 0.50 0.75 1.00 o
Fractional length -g 60—
=
o
40=
. O
200 g
z O
S -
O
-200+ Olllll r 1 1 T 1
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o - F o v~ F o +~— F o +~— F
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Micropollutant removal

ACE (uglL)

T T 1
0.50 0.75 1.00

Fractional length

Test
= 50% aerated

Test
35% aerated

Test
85% aerated

Control
100% aerated I

%  Concentration Removal

1004

-50-

Control

100% aerated

T775

Test

-100

CAF +
IBU S
NPX+
ACE +
BTZ+
DCL
CBz

50% aerated

| L L L L L L
LOXNWAINLDODXWNAINL DODXWN AN
< moFHFOoOOOn<<mooOFOM<moOFOM
O—ZMO0 OO0~ Z<<O OO —Z<CdOANOO
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Conclusion - Influence of the redox potential

= Different redox conditions could be achieved by different aeration
modifications
= An aeration reduction up to 50%

— lead to a smaller influence for the removal of wastewater parameters and
micropollutants

— removal of biological effects are impacted

= No increased removal efficiency for poorly degradable compounds such as
CBZ could be achieved

= The horizontal flow treatment wetland should be aerated over at least 50% of the
fractional length of the system

/ www.ufz.de 40




Resilience test of an aerated horizontal flow treatment wetland

T\{adins A. Sossalla 1.2,
Rita Sdllichling O M

6 days not aerated 3 weeks aerated

41




Concentration and log removal (%)

Results of the resilience test
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w |
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0 10 20
days (d)
+ CBODg  TOC = NH,-N
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%BEQ removal
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15 20 25 30 35 40
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£ Arylhydrocarbon receptor - Combined algae test
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Outlook

= Expanding chemical analysis

— To include transformation products and
degradations products

— improve and maximize the capacity of treatment
wetlands to remove micropollutants and
biological effects

— ldentifying and linking micropollutants cause
observed effects in in vitro bioassays

= Developing approach dependent treatment
wetlands, e.g. the implementation in urban water
cycles (BlueGreenlnfrastructure)

= Development of an easy-to-use and simple to
evaluate bioassay test batterie

/ www.ufz.de 43
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Next Steps-Recommendations

System Wastewater architecture in a synergistic
centr./dectr. Approach — Cost Reduction

(Model) River Basin Approach (legal Frame)
Adapted Monitoring Systems (Routine/extended)

3D GIS Szenarios — recommendations for decision
making - priorities of action

Political Interest: Multi Barriere System

/ www.ufz.de 44




U F HELMHOLTZ
Centre for Environmental Research

Thank you for your attention!

o

P

Roland Muller

Email: roland.mueller@ufz.de
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