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Dear colleagues and friends,

_ With respect to water research and water management, 2018 was an exciting year. Espe-

A ) cially the latter was exciting as we had nearly no rain but very high temperatures in Ger-

% ﬁ’ many for more than six months. Water consumption went up due to heavy use of water for

; ‘ gardening. As a consequence, the water levels in reservoirs and rivers in most parts of

2, Germany are still extremely low and people working in water works, agriculture and forestry

| are hoping for a wet winter time. Interestingly, a project of the University of Freiburg within

the frame of the Water Research Network Baden-Wirttemberg (page 2) dealing with

'‘Drought impacts, processes and resilience: making the invisible visible — DRIeR' has been

running since 2016. When the project started 4 years ago, it was discussed whether

droughts are really an issue in Germany with an average rainfall of around 800 mm al.
Obviously yes!

Another less exciting but highly important topic for people in research is the ongoing nego-
tiation between German and Swedish universities and Elsevier about the access to Else-
vier journals. Since July this year, we have not had any chance to download manuscripts
from Elsevier journals for 2018. This conflict did not appear out of nowhere. People who
have been working in research for more than a decade did see a dramatic change in how
research results are traded worldwide. It seems it is a business like selling any other high
quality product with one goal: pleasing the shareholders of the publishing companies. One
maybe minor consequence of the change can be seen at the end of this report: At the end
of this year, we do have 'printed' versions of our manuscripts from the future, i.e., 2019.

If I had to highlight a specific topic at the Engler-Bunte-Institut in 2018, it would be the in-
auguration of the new Engler-Bunte-Institut lecture building (page 20). After four years, we
can again give our lectures directly at the Engler-Bunte-Institut. Moreover, we can run the
practical courses in chemistry for students in the first semester of Chemical and Bio
Engineering in March and April 2019 in new laboratories. This is really a step forward for
the reconstruction of the Engler-Bunte-Institut, which will be an ongoing process for the
next 8 to 10 years.

As you can see from the report (page 18), we do have three new PhD students in Water
Chemistry and Water Technology. Together with Johannes Gescher from the Institute of
Applied Biology, we won two new projects where we will work with bioelectrochemical
systems. Moreover, we had guest scientists from Australia (Prof. Yiwen Liu), China (Prof.
Guihua Xu, France (M.Sc. Rana Hatoum) and Poland (Dr. Marta Gmurek), working on
biological and chemical water treatment processes as well as the degradation of micropol-
lutants. | hope you can find one or the other interesting topic on the following pages.

| wish you all the best for 2019

r\
Harald Horn
DVGW

KIT — The Research University in the Helmholtz Association
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Water Research Network Baden-Wurttemberg

In 2018, two conferences were organized by the Water Research Network Ba-
den-Wiurttemberg: The symposium 'Environmental risks in water research —
Inter- and transdisciplinary evaluations and perspectives', held in Karlsruhe in
January, dealt with approaches and methods from different disciplines to en-
hance integrative approaches in water research. Ortwin Renn (Director of the
Institute for Advanced Sustainability Studies, Potsdam) gave a keynote on the
challenges of systemic risks. Janet Hering (Director of Eawag, Dibendorf,
Switzerland) commented on the role of science in the decision process to up-
grade Swiss waste water treatment plants for micropollutant removal and
Katrien Termeer (Professor of Public Administration and Policy, Universiteit
Wageningen, the Netherlands) presented her research on governing climate
change adaptation through a strategy of 'small wins'. Furthermore, speakers
from universities in Baden-Wirttemberg took a closer look at risks from differ-
ent disciplinary perspectives. One session focused on pollutants in the water
cycle, while another dealt with risks arising from extreme events. About
130 participants attended the symposium. Particularly gratifying was the great
interest of young scientists.

In October, the three joint projects, funded in the framework of the Water Re-
search Network by the Ministerium fir Wissenschaft, Forschung und Kunst
(MWK), presented their interim results in Stuttgart for an audience from re-
search and public authorities as well as engineering consultants.

Due to the positive response to the networking workshops held in 2017, this
measure was continued in 2018. In summer 2018, a two-phase workshop on
'"The triangle flow — biofilm — sediment' took place at the University of Stuttgart.
The aim was to analyze the complex interactions between hydrodynamics,
biofilms and sediments by means of the application of different measuring and
imaging techniques. In October, an exchange of experience on careers of wo-
men in the water sector was organized for female PhD students and postdocs
by the University of Tlbingen.

Statuskoy) :
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Dr. Caroline Liepert (MWK), opening the colloquium in Stuttgart (left), audience at the
symposium on 'Environmental risks' in Karlsruhe (upper right), workshop on careers of
women in the water sector (bottom center) and Michael Wagner (EBI), conducting bio-
film imaging at the University of Stuttgart (bottom right).

Chair of Water Chemistry and Water Technology and DVGW Research Center at the Engler-Bunte-Institut
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Standard Methods for the Examination of \Water, Waste
Water and Sludge

The loose-leaf collection 'Deutsche Einheitsverfahren zur Wasser-, Abwasser-
und Schlammuntersuchung' (DEV), jointly edited by the German Water Chem-
istry Society and the DIN Standards Committee 'Water Practice', comprises
more than 300 methods in the format of DIN, DIN EN, DIN EN ISO or DIN ISO
standards, their years of publication ranging from 1980 through 2018.
Standards are checked for their up-to-dateness every five years. The experts
of the technical committee DIN NA 119-01-03 Arbeitsausschuss "Wasserunter-
suchung' have to decide whether a standard should be confirmed, withdrawn
or revised in order to match the current state of the art. Revision was neces-
sary, e.g., for DIN EN ISO 10634 (DEV L 19), preparation of poorly water-sol-
uble organic compounds for subsequent biodegradability testing, as several
solubilizing agents specified in the 1995 edition had turned out to be easily
biodegradable, banned, or no longer available on the market for other reasons.
Another example for a recent revision is ISO 5815-1 (DEV H 51), the dilution
and seeding method with allylthiourea addition for BOD,, determination. The
1998 edition has been amended by a list of validity criteria to be met and by
protocols for control analysis and multitesting.

Besides amending existing methods and discarding outdated ones, technical
committees deal with emerging approaches resulting from pre-normative re-
search. Thus, CEN/TC 230 'Water analysis', in charge with development of the
analytical repertoire for water monitoring according to European directives, re-
vised its business plan to include genetic examination of water quality in addi-
tion to physical, chemical, biochemical, biological and microbiological methods.
This was the result of some years of discussion and — as the ultimate kick-off —
a joint meeting of CEN/TC 230/WG 2 'Biological methods' with scientists in-
volved in the EU COST Action DNAqua-Net.

Molecular approaches for monitoring of aquatic ecosystems and biodiversity. Right:
Members of CEN/TC 230/WG 2 ‘Biological methods’ and researchers of the EU COST
Action DNAqua-Net, initiating a standardization project on eDNA sampling in waters.
Left: Reporting the outcome in the format of Recommendations. CEN/TC 230 meeting
week in Brussels, 2018.
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Reactor Cascades for the Biotechnological Conversion
of Waste into Platform Chemicals — RECICL

The aim of the project (RECICL) is to implement a combination of biotechno-
logical processes for the conversion of biogenic residual and waste streams
into platform chemicals. The first step consists of a stirred-tank hydrolysis re-
actor operating at acidic pH to convert waste to volatile organic acids
(Figure a). Our research focuses on the optimization of the hydrolysis process
to obtain a higher propionic acid production by integrating a propionic acid-
producing bacterial culture. Types, feeding rate and configurations of the hy-
drolysis reactor have been investigated in the last months.

The results of the lab scale experiments and the hydrolysis reactor showed
that a higher propionic acid production can be obtained at mesophilic tem-
perature (30 °C) and by using a propionic acid producing culture, whereas
more than 50 % of organic waste was mainly converted to volatile organic
acids (Figure b). The maximum concentration of propionic acid was 5.7 g/L
(76.5 mmol/L) during the time of operation. Furthermore, the gas analysis con

firmed the lack of methanogenic activity inside the reactor as no methane was
detected in any of the gas samples.

A microbial electrolysis cell (MEC) is applied as a second step in order to re-
duce the concentration of the non-relevant volatile organic acids (e.g., acetic
and butyric acid) while propionic acid remains in the solution. Additionally, the
MEC leads to hydrogen production, which can be used as an alternative
energy source.

A two-chamber MEC was designed to characterize the biofilm structure and
morphology on the anode side by means of optical coherence tomography
(OCT) in order to correlate biofilm properties to the MEC performance. In the
MEC, different filtrating anode materials will be tested using anode respiring
bacteria such as Geobactor sulfurreducens.
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(a) Photograph of the hydrolysis reactor. (b) Total organic acids production for acetic,
propionic, and butyric acids, which was measured for a study period of 95 days.
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Increasing Water Availability in Arid Areas: A Method to
Assess the Impacts and Adaptability of Different Water
Technologies for Sustainable Adaptation

Arid areas are challenging for water management: Natural low water availabil-
ity forces decision makers to commonly work in overstressed water contexts
with the subsequent social, environmental and economic conflicts, and overall
difficulties to achieve a sustainable development. Sea water desalination and
waste water reuse are two of the most common paths to increase water avail-
ability when focusing on water offer. Nevertheless, they present new chal-
lenges such as a) the distribution of costs and benefits of ‘new’ resources
among different users, b) the environmental impacts of waste disposal, and
c) the legal framework that will regulate the water use and administration. In
this context, decision makers need to understand and manage the challenges
for these technologies in order to be sustainable long-term solutions.

This project aims to contribute to the sustainable development of arid areas
through the selection of technological solutions that will allow to increase the
water volumes available with minimum negative impacts. For this, a decision
support method based on the Integrated Concept of Sustainability (ICoS) will
be developed, consisting of a series of indicators that will be applied in three
scenarios for the city of Arica (Chile), projecting different socio-economic con-
ditions for 2030.

With the purpose of reducing the pressure on the scarce existing water re-
sources, this project assesses the sustainability performance of waste water
reuse and sea water desalination through reverse osmosis, as the most used
and developed technology, and membrane distillation, which presents itself as
an interesting option due to the high solar energy potential.

Current and future L
Characterization of

requirements and challenges

technologies

Quantity Quality

Selection of context-specific indicators

Construction of scenarios

Selection of technologies

Sustainability assessment: impacts and adaptability based on
ICoS

Flow chart of sustainability assessment based on context-specific indicators.
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Monitoring and Quantification of Fouling Development in
Membrane Distillation by means of Optical Coherence
Tomography

Membrane distillation (MD) is a promising thermally driven technology for de-
salination applications and waste water treatment. A temperature difference
between feed and condensate side induces a water vapor gradient along the
microporous hydrophobic membrane and allows a separation performance of
theoretically 100 %.

Fouling formation in membrane distillation limits process stability and causes,
besides wetting, a rapid flux decrease, making the process inefficient.

Process performance is conventionally assessed by flux monitoring without
online proof. Analysis of the fouling layer is to date mainly performed ex situ at
distinct intervals or at the end of process operation.

Recently, optical coherence tomography (OCT) has been introduced for the
in situ monitoring of biofouling development in several studies. However, inor-
ganic fouling layers were not considered. We thus developed an innovative
methodology for 3D OCT dataset analysis allowing for the detection of scaling
dominated fouling on the membrane surface in a fully operated direct contact
membrane distillation system (DCMD).

Defined fouling parameters permit a correlation between process performance
indicators, especially flux decrease and quantified fouling layer coverage. Ad-
ditionally, structural information about the fouling layer was derived from the
fouling parameters calculated from 3D OCT datasets across the feed channel
within the flat sheet membrane unit.

The developed approach links scalable fouling parameters with macroscopic
process parameters. Hence, this approach allows for making performance
monitoring possible while enabling an adapted process control with a view to
membrane cleaning strategies.

] 0300 0 0300 0 0.300

Topographic visualization of the membrane fouling layer — bulk interface and the corre-
sponding histogram for hot spring water. (A) was acquired at time t = 0O directly after
starting the experiment. (B) and (C) show the fouling layer — bulk interface after 10 and
30 days, respectively. The calibration bar corresponds to the thickness of the fouling
layer above the membrane in mm. The histogram represents the thickness distribution.

Chair of Water Chemistry and Water Technology and DVGW Research Center at the Engler-Bunte-Institut
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Measuring the Effect of Organic Fouling on
Concentration Polarization in Reverse Osmosis and
Nanofiltration

Reverse osmosis (RO) and nandfiltration (NF) continue to increase in popular-
ity for total or partial de-ionization of natural waters of any kind. The main
drawback in continuous RO/NF operation is the occurrence of fouling, which
leads to reduced process efficiency, increased energy requirements and ulti-
mately to replacement of the fouled membrane modules. Organic fouling, bio-
logical fouling and scaling (inorganic) are the main fouling types. Most re-
search focusses exclusively on one type and uses macroscopic performance
indicators and retrospective analysis as main research techniques.

To gain a fundamental understanding of occurring fouling mechanisms, we in-
vestigate the application of Raman microspectroscopy (RM) for in situ meas-
urement of concentration polarization (CP) in a flat-sheet crossflow membrane
unit equipped with a NF membrane. This technique allows for locally resolved
measurement of CP, which is a gradient of solutes towards the membrane sur-
face. CP is the precursor of scaling as it may cause local super saturation. CP
and cake layer formation also lead to organic fouling. In practice, both fouling
phenomena are usually present simultaneously and affect each other. With
RM, we can study how existing organic or biological fouling layers on NF
membranes affect the CP layer of sulfate, a common scaling factor.

Firstly, an organic fouling layer is established and characterized in situ using
optical coherence tomography (OCT) to determine the dimensions, i.e., thick-
ness, of the fouling layer. Biofilm, agar-agar and humic substances were used
as natural and model foulants, respectively. Secondly, the fouled membrane
was operated in the flat-sheet membrane unit with a pure MgSO, solution and
linked to the RM to measure CP profiles. The concentration profiles can be di-
rectly compared to those from clean membranes. Thus, we are able to investi-
gate the influence of various organic fouling phenomena on a major mecha-
nism of scaling.
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(a) Visualization of fouling layer using OCT. (b) Influence of an agar-agar fouling layer

on CP. (c) Dismounted membrane fouled with humic substances.
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Determination of Particle Intake in Packed Beds of
Aerobic Granules Visualized by means of Magnetic
Resonance Imaging

Aerobic granules in sequencing batch reactors show a high metabolic rate per
volume. In contrast to commonly applied reactors, waste water enters from
below and flows through the sedimented packed bed of aerobic granules under
laminar flow conditions. Around 33 % of the carbon sources of waste water are
available as particles in the micrometer range. Hence, they are an important
fraction of waste water. As these particles are affected by the local flow field,
the aim of this project is to study their fate and bioavailability in the packed
beds.

A model setup, using a column, was realized applying constant flow rates.
Reference particles consisted of microcrystalline cellulose that have been
saturated with iron. Different magnetic resonance imaging (MRI) methods have
been chosen to study the development of preferential flow paths and the
spatially resolved distribution of microparticles inside the packed bed: Flow
maps have been aquired to characterize the local flow while 2D and 3D
imaging characterizes the distribution of particles and granules. T,-weighted
images allow to determine the structure of the packed bed in order to identify
pore spaces and redistribution of the aerobic granules. T,-weighted images
indicate particle intake and distribution inside the packed bed.

According to the preliminary results, microparticles are filtered by the granules
and lead to a blockage of the pore space. As a consequence, preferential flow
paths develop. Further particle accumulation occurs next to these areas, lead-
ing to an irregular distribution of the micro particles in the packed bed.

Initial state

T, - weighted

T, - weighted

5 10 15
y [mm]

Intake of particles in a packed bed of aerobic granules under constant flow.

Chair of Water Chemistry and Water Technology and DVGW Research Center at the Engler-Bunte-Institut
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The Effect of Sludge Retention Time, Hydraulic
Retention Time and Biomass Concentration on
Elimination of Micropollutants with Activated Sludge

Due to the design and current operation modes of waste water treatment
plants (WWTPs), a complete elimination of many persistent anthropogenic
micropollutants (MPs) present in waste water cannot be achieved. On the oth-
er hand, according to some studies, in real conditions, the biomass responS|bIe
for MPs degradation is in an excess (total suspended solids, TSS ~3 g L )
and therefore, its concentration is expected not to play a role in MPs removal.
The question arises which operational parameters could be modified to im-
prove waste water treatment efficiency. The aim of this study was to investigate
the relation between biomass concentration of activated sludge, the opera-
tional parameters, sludge retention time (SRT) and hydraulic retention time
(HRT) of biological treatment, and removal efficiency of selected MPs.

The results showed that SRT and HRT can influence the MPs removal effi-
ciency to some extent, which depends mainly on their physico-chemical prop-
erties. For highly biodegradable compounds (e.g., caffeine, CAF, the effect of
SRT and HRT is difficult to capture, whereas, in the case of moderately biode-
gradable compounds such as sulfamethoxazole (SMX) or benzotriazole (BZT),
an increase of these two parameters improves the removal efficiency. For per-
sistent compounds (carbamazepine, CBZ; diclofenac, DCF, the positive effect
of prolongation of SRT could be observed only for very high sludge age, which
is unrealistic in existing WWTPs. Interestingly, our results also indicated that
the increase of biomass concentration from 3 to 5 grgg L™ increased the
values of the pseudo-first order rate constant of the highly and moderately de-
gradable compounds (CAF; SMX; BZT; erythromycm ERY; roxithromycin,
ROX, whereas a further increase to 8 grgg L™! had no effect (see Figure). This
suggests that aforementioned assumption of neglectable effect of biomass
concentratlon is valid only for relatively high TSS values, here above

5grss L
As a next step, a more elaborate model to describe the relation between rate
constant and biomass concentration will be investigated.
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Effect of the TSS concentration (g L'1) on the pseudo-first order removal rate constant
K’ (h") for CAF, SMX, BZT, ROX, ERY and DCF.
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Photolytic Degradation of Antibiotics of Last Resort
under Simulated Environmental Conditions

Antibiotics of Last Resort (AoLR) are pharmaceuticals used to treat infections
caused by multiresistant bacteria. These substances and their metabolites ex-
creted with urine and faeces of patients reach waste water treatment plants
(WWTPs). Due to the limited efficiency of existing treatment methods, the re-
siduals of these substances leave WWTPs with the effluent and end up in sur-
face water.

This study focuses on the environmental fate of two AoLR — linezolid and tedi-
zolid — in presence of sunlight. Both substances were degradable by simulated
sunlight (1 kW m'2, equal to irradiance in Middle Europe at high noon in sum-
mer), with half-lives of 32 h for linezolid and 93 h for tedizolid in ultrapure wa-
ter. The Figure shows the degradation rate constants of both antibiotics with
and without exposure to simulated light (bright and dark samples, respectively)
in different types of water: pure solutions, Rhine river water and Alb river water
(a tributary of the river Rhine). To compare the degradation kinetics, each type
of water was spiked with 1 ug L™? of both antibiotics and their decay was moni-
tored over time.

Determined photodegradation rate constants of linezolid were in a comparable
range in all tested types of water. Very low degradation rate constants,
achieved without exposition to light, suggested a neglectable effect of hydroly-
sis and/or biodegradation. Tedizolid was less susceptible for photodegradation
than linezolid. Interestingly, in the natural water, the degradation rate constants
had comparable values for both, with and without light exposure. This might
result from microbial degradation or adsorption on particles and dissolved or-
ganic matter. Structure elucidation by liquid chromatography coupled to high-
resolution mass spectrometry provided information about 7 and 5 phototrans-
formation products for linezolid and tedizolid, respectively. The morpholinyl-
moiety of linezolid was the main target site for photolytic transformation. For
tedizolid, the main transformation occurred on the oxazolidinone ring.

0.025
0.02

0.015

Rate constant [h]

Linezolid Tedizolid
I Pure Water

ht ] dark bright I dark

0.0220 ‘ 0.0007 ‘ 0.0205 | 0.0012 ‘ 0.0215 } 0.0005 | 0.0080 | 0.0004 | 0.0048 ‘ 0.0049 ‘ 0.0057 [ 0.0048

Pure Water ‘

bright [\ dark

t_ | t [SEER ‘ bright | SEES

k
(]

Degradation of linezolid and tedizolid in ultrapure and surface water.
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Transport of Antibiotic Resistances from Waste Water
Discharges into the Sediment of the Receiving River

It is well established that the emission of antibiotic resistance genes (ARGSs)
leads to an increase of ARGs in receiving rivers. However, also the role of sub-
inhibitory antibiotic concentrations is being discussed. Results obtained in this
study suggest that, at environmental concentrations, antibiotics do not have an
effect on the selection of ARGs. Instead, we emphasize the significance of
ARG transport, i.e., waste water particles that carry high loads of microorgan-
isms (Brown et al., 2019). We demonstrated that ARGs (ermB, blarg, tetM,
gnrS) as well as facultative pathogenic bacteria (FPB) (enterococci, Pseudo-
monas aeruginosa, Acinetobacter baumannii) inside the particulate fraction of
waste water treatment plant (WWTP) effluents are very likely to remain in the
riverbed of the receiving water due to sedimentation (see Figure).

The sedimentation potentials out of 1 m’ were 7.6 g of TSS, 10 mg of DNA,
and between 108 and 102 gene copies (GC) of FPB and ARGs. Additionally,
ARG and FPB numbers measured in the settleable fraction strongly correlated
with the delta ARGs and FPB numbers measured in the receiving river
sediment (downstream compared to upstream) (R2 = 0.93, p < 0.05) (data not
shown). Apparently, the sheer amount of settleable ARGs and FPB from the
WWTP effluent is sufficient to increase abundances in the receiving riverbed
by 0.5 to 2 log units. Finally, there is a strong indication that the increased ARG
abundances in downstream sediments are due to a continuous import of ARGs
from effluents. We hypothesize that if the import is removed, ARG numbers will
decrease to an initial state again. This issue is addressed in an on-going lab-
scale experiment with batch reactors in which real river sediments are exposed
to waste water particles. For details, see Brown et al. (2019).

concentration amount in fraction [%]

parameter in effluent 0 10 20 30 40 50 60 70 8O 90 100
TSS 13.6 + 1.9 mg/L -

DNA 334 £50pglL =1

enferococci 3.3 £0.5 log GC/mL —

P. aeruginosa 0.8 £ 0.1 log GC/mL —

A. bawmannii 1.7 £ 0.5 log GC/mL —

ermB 6.3 £ 0.4 log GC/mL —

bla 1em 3.7 £ 0.4 log GC/mL —

tetM 4.2 £0.4 log GC/mL —

gnrs 3.3 £0.5 log GC/mL ™ - - - - - -

[ settleable fraction [ suspended fraction

Concentrations of total suspended solids (TSS) and DNA, FPB, and ARGs measured in
WWTP effluent (left), and their amount measured in settleable and suspended fractions
(right). GC = gene copy number. Mean values and standard errors of the means are
shown (n = 3). According to Brown et al. (2019).
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Trace Analysis of Urea in Surface, Ground and Drinking
Water with Gel Chromatography and Organic Carbon
and Nitrogen Detection

Urea, being an important nutrient in the nitrogen cycle, is by far the most im-
portant fertilizer worldwide. It is considered to be the primary source of nitrogen
for plants and algae and is usually transformed by urease and microorganisms
into accessible nitrogen sources. Besides the manifold usage of urea in agri-
culture and being the main N-containing compound of the excretion of mam-
mals, there are almost no data available about the urea concentration in
ground waters. By using the improved Gel Chromatography and Organic Car-
bon and Nitrogen Detection (LC-OCD-OND) technique, several advantages
are obvious for the analysis of urea in aqueous samples: analysis time of only
70 min, a low limit of detection (1 + 0.1 pg/L urea), and the peaks of urea, ni-
trate and ammonium are well separated.

For the case study, ground water, surface water influenced by anthropogenic
activities, surface water classified as oligotrophic, and drinking water, which
was gained from treated ground water, have been analyzed. Almost all of the
100 water samples investigated contain urea. Surface waters showed the
highest concentration of urea, ranging from 4.0 to 59.3 pg/L, whereas ground
water gives lower values (< 0.5 to 24.0 ug/L). For drinking water, the concen-
tration was lowest, namely 0.5 to 12 pg/L.

As expected, the urea concentrations are highest in surface water, which is in-
fluenced by anthropogenic activities. This can be explained by the run-off from
agricultural areas and/or by the discharge of waste water effluents. In addition,
the studies show that even in oligotrophic water, the amount of urea is rela-
tively high, although the total nitrogen content is low. In addition, it is evident
that even in ground water, urea is present. During the treatment process, urea
is mainly removed during the sand filtration step, although it cannot be re-
moved totally.

Based on these results, it will be investigated if urea could be used as an indi-
cator for the microbial stability of water during different treatment steps.
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(a) Urea and (b) total nitrogen (TN) of different types of water, presented as box-whisk-
er-plot (IQR: interquartile range).
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Hydrolysis of Particulate Organic Matter from Municipal
Waste Water under Aerobic and Anaerobic Conditions

Around 50 % of the organic load in municipal waste water is in the form of par-
ticulate matter. The primary clarifier of a municipal waste water plant removes
50 — 70 % of the total suspended solids (TSS). However, it is not completely
understood to which extent and how fast solids are degraded by microorgan-
isms in the biological stage. The particulate organic matter needs to undergo a
hydrolysis process in order to be consumed by microorganisms. Hydrolysis is
known to be the limiting step in biological processes.

In this work, particles (size: 25 — 250 ym, concentration: 1 g/L TSS) originated
from municipal waste water were treated under a) aerobic and b) anaerobic
conditions. The challenge was to observe both, hydrolysis of particles and
degradation of the released organic carbon. By using size exclusion chroma-
tography coupled with online detection of dissolved organic carbon (SEC-
DOC), the soluble hydrolyzed products of the particulate organic matter were
monitored.

The Figure shows chromatograms obtained on day 0, 3 and 13 for the aerobic
treatment (a) and on day 0, 5 and 10 for the anaerobic treatment (b). The
chromatograms can be divided into four fractions (F1 to F4), related to de-
creasing molecular size.

The results showed a maximum accumulation of DOC on the third day for the
aerobic process (Figure a) and on the fifth day for the anaerobic process
(Figure b). This suggests a production of slowly biodegradable matter. After
13 days of aerobic treatment, almost all of the slowly biodegradable organic
matter, represented by fraction F1, was hydrolyzed (Figure a), while after
10 days of anaerobic treatment, only half of F1 was degraded (Figure b). Fur-
ther anaerobic experiments will be conducted in order to identify to which ex-
tent the slowly biodegradable matter can be degraded.
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Size exclusion chromatograms of hydrolyzed chromatographable DOC on day 0, 3 and
13 under aerobic conditions (a) and on day 0, 5 and 10 under anaerobic conditions (b).
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Simulation of Productive Biofilms for Lactic Acid
Production

The interest of white biotechnology in productive biofilms is continuously in-
creasing as biotechnological processes benefit from the advantages of biofilms
as compared to planktonic cells used in conventional processes. In the current
project, we focus on the production of lactic acid (LA) as a model compound to
evaluate the potential of productive biofilms.

A pure-culture biofilm of Lactobacillus bacteria was cultivated in a horizontal
tubular biofilm reactor (TBR) made of glass (L = 400 mm, ID = 10 mm). At the
end of the cultivation period of 3.5 weeks, the biofilm was visualized by nuclear
magnetic resonance (NMR) (Figure a). A mean biofilm thickness of approx.
850 pm was achieved in the middle of the reactor length; however, the biofilm
thickness was subject to huge variations over the cross-sectional area as well
as over the reactor length.

The analysis of biofilm performance under different flow conditions revealed
that productivity increases with flow velocity. For a better understanding of the
underlying processes in LA production, the knowledge of chemical gradients
inside the biofilm is crucial. As not all components are accessible experimen-
tally, a model was developed. It allows the representation of substrate and LA
concentrations (cg and cp), as well as pH values across the biofilm depth for
different flow velocities (Figure b). It can be seen that LA accumulates close to
the substratum and creates pH values below 4.5, a range where pH inhibition
occurs and LA production is significantly decelerated. Production is, thus, in-
hibited by mass transport limitations. Increasing the flow velocity improves the
mass transfer into and out of the biofilm and results in different concentrations
and pH values in the bulk phase and at the biofilm surface. This has an impact
on the concentrations and pH values inside the biofilm: The magnitude of the
pH limitation is decreased and consequently, LA productivity is improved. A
control of biofilm thickness might overcome this inhibition and further increase
the productivity.
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(a) Visualization of the biofilm by MRI. The dotted line represents the mean biofilm
thickness. (b) Substrate and LA concentrations (cq and cp) and pH values within the
biofilm as calculated by the model for a biofilm thickness of 850 um. The doftted line
represents the biofilm thickness.
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BioElectroPlast — Microbial Electrosynthesis for
Production of Bioplastics from Flue Gas in Pressurized
Flow-Cells

The aim of the project BioElectroPlast is the production of the biodegradable
biopolymer polyhydroxybutyrate (PHB) in custom-made microbial electrosyn-
thesis (MES) flow-cells. Therefore, the thermophilic, acidophilic and electroli-
thoautotrophic microorganism Kyrpidia spormannii was cultivated on the
graphite cathodes poised with a constant potential of -531 mV against the
standard hydrogen electrode. The flow-cells and the peripheral equipment are
fully autoclavable, pressure-resistant and operated at a low pH value of 3.5.
Medium temperature was maintained at 60 °C (double jacket boiler).

As inoculum, a heterotrophically grown pre-culture of Kyrpidia spormannii was
added to the flow-cells (optical density ODgyg = 0.01) after washing twice with
cultivation medium. In order to supply the microorganisms with the gaseous
substrates, the headspace of the boiler was pressurized to 1.5 bar with a mix-
ture of 95 % CO, (v/iv) and 5 % O, (v/v) while the liquid phase was continu-
ously stirred. The medium enriched with the dissolved gases was recirculated
through the flow-cells at a volumetric flow rate of 100 ml min™. The glass lid of
the flow-cell allows for the in situ visualization of the cathodic biofilm by means
of optical coherence tomography (OCT).

After 10 days of incubation, the cathode was covered by a biofilm-like structure
with a mean thickness of 140 um. Fluorescence microscopic analysis of the
developed structures showed rod-shaped cells imbedded in a matrix of basi-
cally inorganic compounds. Additionally, staining with Nile Red revealed distinct
PHB inclusions within the cells. Future investigations will aim at avoiding the
accumulation of inorganic compounds as well as quantification of biofilm de-
velopment and structure in order to derive accurate mass balances for the
conversion of substrates into biomass and products.
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Effect of Iron on the Structural Characteristics of Bacillus
subtilis Biofilms Cultivated in Flow Cells

Structure and material properties of a biofilm play an important role in its de-
velopment and maturation as well as in its resistance to external changes. To
analyze biofilm characteristics, a fully-automated imaging setup for flow cells
including optical coherence tomography (OCT) was developed.

Using 2D and 3D OCT images, first insights into Fe?* dependencies of Bacillus
subtilis biofilms were gained performing (i) growth studies and (ii) dynamical
mechanical analysis (DMA) — a method which determines the Young’s modu-
lus E by analyzing the deformation behavior of biofilms under hydrodynamic
load.

In general, biofilms cultivated with a high Fe?* concentration of 5 mg/L showed
a higher mean biofilm thickness and surface coverage after 7 days of growth
compared to those grown at a low Fe?* concentration of 0.5 mg/L.

Additionally, the bulk-biofilm interface was more heterogeneous for the high
Fe2* concentration.

In contrast, DMA revealed a higher loss of integrity for biofilms grown with
5 mg/L Fe?* compared to the 0.5 mg/L Fe?* condition, shown by a 2.5 fold
higher reduction of the mean biofilm thickness after deformation experiments.
Furthermore, surface roughness was doubled due to adhesive and cohesive
failure. Results lead to an interpretation where y-FeO(OH) particles incorporate
into the biofilm matrix, leaving insufficient space for stabilizing polymeric
substances.

This is also reflected by an estimation of the biofilms E moduli to be 0.71 Pa for
the high and 11.6 Pa for the low Fe?* concentration. The E modulus is a
measure for elasticity, whereas high E moduli indicate low biofilm displacement
and thereby rigidity to higher flow velocities.

The obtained data will support the parametrization of 2D and 3D biofilm mod-
els. These models will help predicting data and analyzing strategies either
supporting (e.g., in waste water treatment plants) or inhibiting (e.g., in industrial
settings) biofilm growth.

Biofilms grown at high and low Fe2+ concentration under growth conditions of
w = 0.08 Pa (a + b) and a raised shear of tw = 2 Pa (c + d). The biofilm grown with the
high Fe2+ concentration shows less stability and tends to failure (c). The white outline
illustrates the bulk-biofilm interface. Flow is from left to right. The scale bar equals
250 um.
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Development of a Novel Fixation Method of
Microplastics from Sea Water

Since the start of the mass production of plastic in the 1950s, high amounts of
plastic have been released into the marine environment due to incorrect dis-
posal (e.g., plastic waste). Plastic accumulates in the water phase because of
its low degradability. Over time, plastic is finally fragmented into countless
small particles. Plastic particles smaller than 5 mm are classified as microplas-
tics. Contamination with microplastics has been detected in all parts of the
aquatic environment, which makes it ubiquitous. As numerous negative effects
on marine organisms and ecosystems have been proven, they are considered
as pollutants.

The aim of this project is to avoid microplastic contamination in processes
using sea water. Currently, there are no techniques available to remove micro-
plastics efficiently and cheap from sea water. Thus, a novel method based on
the use of organosilanes, which attach to microplastic particles and link them
by forming larger agglomerates, is developed. As these agglomerates float on
the water surface, they can easily be removed. The organosilanes are tested
on the lab scale and adapted to different polymer types and environmental
conditions. Subsequently, the adapted method is optimized on the pilot-plant
scale for an efficient application. The first practical application is planned for
sea salt production. In order to avoid the contamination of sea salt with micro-
plastics, it will be removed from the water flowing into the salt works.

Micro-Organisms and Turbulence: Towards a Numerical
Laboratory for Water Quality Prediction — MOAT

The quality of surface water typically depends upon a complex interplay be-
tween physical, chemical and biological factors, which are far from being
understood sufficiently. There still exist large uncertainties related to quality
predictions based on state-of-the-art mathematical models of surface water
bodies. A computer model (KIT, Institute for Hydrodynamics) is applied to de-
termine the fate and transport of fecal indicator bacteria (such as E. coli) after
a combined sewer overflow event into a streaming water body (such as a river
or a canal) where the bacteria are initially present both in freely-suspended
form as well as attached to the surfaces of the particles. Experimental data
gained from lab-scale flume experiments are used to validate the model. Using
flow cytometry, the transport of bacteria (domestic waste water) inside the
water body of the flume is determined. Additionally, the transport of bacteria
attached to model particles (agar-agar, diameter = 500 um) is investigated.

These results will provide important insight into the mechanisms through which
the spatio-temporal heterogeneities of the complex flow affect the self-purifica-
tion capability of a contaminated water body, which will in turn pave the way for
a general improvement of water quality assessment methods.
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THE WATER CHEMISTRY AND WATER TECHNOLOGY GROUP

Head of Chair

Prof. Dr. Harald Horn
Dr. Gudrun Abbt-Braun

Prof. Dr. Fritz H. Frimmel (retired)

Supervising Functions and Postdoctoral Positions

Dr. Ewa Borowska

Dr. Birgit Gordalla

Apl. Prof. Dr. Gisela Guthausen
Dr. Andrea Hille-Reichel

PhD Students

M.Sc. Rowayda Al

M.Sc. Alondra Alvarado
M.Sc. Damare Araya Valenzuela
M.Sc. Annika Bauer

M.Sc. Philip Brown

Dipl.-Ing. Fabian Brunner
Dipl.-Ing. Laure Cuny

M.Sc. Luisa Gierl

M.Sc. Max Hackbarth
Dipl.-Ing. Oliver Jung

M.Sc. Stephanie Kaschewski
M.Sc. Oliver Kehl

M.Sc. Jinpeng Liu

M.Sc. Florian Ranzinger
Dipl.-Chem. Nico Seeleib
M.Sc. Michael Sturm

M.Sc. Alexander Timm
Dipl.-Ing. Marc Tuczinski

Secretarial Office

Sylvia Heck
Ursula Schafer
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From left to right:

(first row) Damare Araya, Rowayda Alj,
Alondra Alvarado, Stephanie West, Luisa Gierl,
Michael Sturm, Birgit Gordalla, Sylvia Heck,

Ursula Schafer, Annika Bauer

(second row) Harald Horn, Jinpeng Liu, Philip Brown,
Ulrich Reichert, Oliver Jung, Axel Heidt,

Rafael Peschke, Matthias Weber, Michael Wagner,
Alexander Timm, Giorgio Pratofiorito (Master student)
(third row) Gudrun Abbt-Braun, Florian Ranzinger,
Reinhard Sembritzki, Ulrike Scherer, Laure Cuny,
Ewa Borowska, Andrea Hille-Reichel,

Florencia Saravia, Dunja Haak

Organic micropollutants
Standardization
NMR/MRI

Biological interfaces

Dr.-Ing. Florencia Saravia
Dr.-Ing. Ulrike Scherer

Dr. Michael Wagner

Dipl.-Ing. (FH) Stephanie West

Membrane technologies
Water Research Network BW
Biofilm structure and function
Head of the laboratory

Production of platform chemicals

Characterization of organic carbon in anaerobic and aerobic waste water treatment
Decision support for the implementation of water technologies in arid areas
Membrane distillation, waste water recycling

Dissemination and spread of antibiotic resistance genes in the environment
Aerobic granules for waste water treatment

Productive biofilms

Mechanical and material properties of biofims

Microbial electrosynthesis

Brackish water desalination

The use of smart water data to minimize risk in residential water quality

Modeling of oxygen transfer in activated sludge systems

Membrane filtration

Visualization of water and biofilms in porous media

Organic nitrogen detection

Removal of microplastics from sea water (starting August 2018)

Degradation of antibiotics

Microfiltration, solid-liquid separation in biogas production (Dr.-Ing. since December 2018)

Technical Staff Apprentices

Antje Decker Microbiology, molecular biology Laura Bajohr
Dipl.-Ing. Dunja Haak IT, network administration Sarah Grewe
Axel Heidt GC/ECD, GC/MS, AOX Tobias Grundwald

Rafael Peschke Kim-Janine Riedle
Ulrich Reichert
Reinhard Sembritzki

Matthias Weber

HPLC, LC/MS, IC
Operation of lab reactors
ICP-MS, AAS, ICP-OES, IC
LC/OCD, DOC/TOC
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RECENT PUBLICATIONS

Peer-Reviewed Journal Publications

Bar, K., Merkle, W., Tuczinski, M., Saravia, F., Horn, H.,
Ortloff, F., Graf, F., Lemmer, A., Kolb, T., 2018. Develop-
ment of an innovative two-stage fermentation process for
high-calorific biogas at elevated pressure. Biomass and
Bioenergy 115, 186-194.

Brown, P.C., Borowska, E., Schwartz, T., Horn, H., 2019.
Impact of the particulate matter from wastewater discharge
on the abundance of antibiotic resistance genes and facul-
tative pathogenic bacteria in downstream river sediments.
Science of the Total Environment 649, 1171-1178.

Fatoorehchi, E., West, S., Abbt-Braun, G., Horn, H., 2018.
The molecular weight distribution of dissolved organic car-
bon after application off different sludge disintegration tech-
niques. Separation and Purification Technology 194,
338-345.

Frimmel, F.H., Abbt-Braun, G., 2018. Humic matter: basis
for life — a plea for humics care. Journal of Soils and Sedi-
ments 18 (8), 2668-2674.

Guo, X., Theissen, S., Claussen, J., Hildebrand, V.,
Kamphus, J., Wilhelm, M., Luy, B., Guthausen, G., 2018.
Topological insight into superabsorbent hydrogel network
structures: a 'H double-quantum NMR study. Macromolecu-
lar Chemistry and Physics 219 (13).

Jeihanipour, A., Shen, J., Abbt-Braun, G., Huber, S.A,
Mkongo, G., Schéafer, A.l., 2018. Seasonal variation of
organic matter characteristics and fluoride concentration in
the Maji ya Chai River (Tanzania): Impact on treatability by
nanofiltration/reverse osmosis. Science of the Total Environ-
ment 637-638, 1209-1220.

Katz, S., Wagner, M., Horn, H., Tarchitzky, J., Chen, Y.,
2018. Size and stability of suspended aggregates in munici-
pal effluents containing montmorillonite, bacteria and fulvic
acid. Irrigation Science 36 (4-5), 203-216.

Kespe, M., Forster, E., Nirschl, H., Guthausen, G., 2018.
Flowing liquids in NMR: Numerical CFD simulation and ex-
perimental confirmation of magnetization buildup. Applied
Magnetic Resonance 49 (7), 687-705.

Kiilerich, B., Wagner, M., Nielsen, A.H., Vollertsen, J., 2018.
Apparent diffusion coefficients in sewer force main biofilms
treated with iron salts. Environmental Science: Water
Research & Technology 4 (10), 1501-1510.

Laryea, E., Schuhardt, N., Guthausen, G., Oerther, T,
Kind, M., 2018. Construction of a temperature controlled
Rheo-NMR measuring cell — Influence of fluid dynamics on
PMMA-polymerization kinetics. Microporous and Mesopor-
ous Materials 269, 65-70.
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Li, C., Brunner, F., Wagner, M., Lackner, S., Horn, H., 2018.
Quantification of particulate matter attached to the bulk-
biofilm interface and its influence on local mass transfer.
Separation and Purification Technology 197, 86-94.

Linke, C., Guthausen, G., Floter, E., Drusch, S., 2018. Solid
fat content determination of dispersed lipids by time-domain
NMR. European Journal of Lipid Science and Technology
120 (4).

Liu, Y., Li, C., Lackner, S., Wagner, M., Horn, H., 2018. The
role of interactions of effective biofilm surface area and
mass transfer in nitrogen removal efficiency of an integrated
fixed-film activated sludge system. Chemical Engineering
Journal 350, 992-999.

Picioreanu, C., Blauert, F., Horn, H., Wagner, M., 2018.
Determination of mechanical properties of biofiims by mod-
elling the deformation measured using optical coherence to-
mography. Water Research 145, 588-598.

Rantzsch, V., Haas, M., Ozen, M.B., Ratzsch, K.-F,,
Riazi, K., Kauffmann-Weiss, S., Palacios, J.K., Mller, A.J.,
Vittorias, 1., Guthausen, G., Wilhelm, M., 2018. Polymer
crystallinity and crystallization kinetics via benchtop
"H NMR relaxometry: Revisited method, data analysis, and
experiments on common polymers. Polymer 145, 162-173.

Rosenthal, A.F., Griffin, J.S., Wagner, M., Packman, A.l.,
Balogun, O., George, F.W., 2018. Morphological analysis of
pore size and connectivity in a thick mixed-culture biofilm.
Biotechnology and Bioengineering 115 (9), 2268-2279.

Schmidt, A., Sturm, G., Lapp, C.J., Siebert, D., Saravia, F.,
Horn, H., Ravi, P.P., Lemmer, A., Gescher, J., 2018. Devel-
opment of a production chain from vegetable biowaste to
platform chemicals. Microbial Cell Factories 17(1), 90.

Schork, N., Schuhmann, S., Arndt, F., Schitz, S,
Guthausen, G., Nirschl, H., 2018. MRI investigations of fil-
tration: Fouling and cleaning processes. Microporous and
Mesoporous Materials 269, 60-64.

Schuhmann, S., Schork, N., Beller, K., Nirschl, H.,
Qerther, T., Guthausen, G., 2018. In-situ characterization of
deposits in ceramic hollow fiber membranes by compressed
sensing RARE-MRI. AIChE Journal 64 (11), 4039-4046.

Schuhmann, S., Simkins, J.W., Schork, N., Codd, S.L.,
Seymour, J.D., Heijnen, M., Saravia, F., Horn, H,
Nirschl, H., Guthausen, G., 2019. Characterization and
quantification of structure and flow in multichannel polymer
membranes by MRI. Journal of Membrane Science 570-
571, 472-480.
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Timm, A., Borowska, E., Majewsky, M., Merel, S,
Zwiener, C., Brase, S., Horn, H., 2019. Photolysis of four
B lactam antibiotics under simulated environmental condi-
tions: Degradation, transformation products and antibac-
terial activity. Science of The Total Environment 651 (1),
1605-1612.

Tuczinski, M., Saravia, F., Horn, H., 2018. Treatment of
thermophilic hydrolysis reactor effluent with ceramic
microfiltration membranes. Bioprocess and Biosystems
Engineering 41 (11), 1561-1571.

Vargas, M.A., Scheubner, M., Guthausen, G., 2018. Reac-
tion kinetics of polyfurfuryl alcohol bioresin and nanoparti-
cles by "H-NMR transverse relaxation measurements.
Polymer Composites 39 (9), 3280-3288.

Publication Series of the Institute

Schriftenreihe des Bereichs Wasserchemie und Wasser-
technologie und der DVGW-Forschungsstelle am EBI:

Volume 73: Ruppert, J., 2017: Méglichkeiten der quantitati-
ven Korrosionsvorhersage fiir Baustahle in Gewassern mit-
tels einer elektrochemischen Messzelle.

Volume 74, | + II: Jung, O., Saravia, F., Horn, H., 2018:
Brackish water desalination in water-scarce regions: The
Jordan Valley (available in (I) English and (1) Arabic).

Miscellaneous

On November 14, 2018, the official handover of the two
new buildings (40.50 and 40.51) for the Engler-Bunte-Insti-
tut to KIT took place, attended by the Baden-Wirttemberg
Finance Minister Edith Sitzmann, the Head of the Baden-
Wirttemberg Ministry of Science, Research, and the Arts
Ulrich Steinbach and the President of KIT Professor Holger
Hanselka.

The new buildings in the South border on Richard-Willstét-
ter-Allee (Photo: A. Cordts, KIT).
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