
tiges Verbrauchsmaterial um 86%
(10 Ansätze/a) bis 102% (40 An-
sätze/a),

. keine Beeinflussung der Material-
kosten für Chromatographie-Gel,
da diese Stufe im betrachteten
Maßstab nicht von der Wahl der
Technologie abhängig ist,

. Einsparungen für Energie- und
Medienkosten (Purified Water, im
Wesentlichen für CIP-Medien, und
WfI) zwischen 8% (10 Ansätze/a)
und 25% (40 Ansätze/a),

. geringere Wartungs- und Instand-
haltungskosten um 20% (10 An-
sätze/a) bis 25% (40 Ansätze/a)
durch den (partiellen) Wegfall der
CIP/SIP-Installation und damit ei-
ner signifikant niedrigeren Anzahl
an automatisierten Armaturen so-
wie geringerem technischen Auf-
wand für Gleitringringdichtungen,

. ein geringfügiger Anstieg an Per-
sonalkosten durch erhöhten Lager-
und Qualitätssicherungsaufwand
zwischen 12% (10 Ansätze/a) und
13% (40 Ansätze/a),

. für den Fall einer voll entwickelten
Industrieparkstruktur ein nur ge-
ringfügiger Anstieg für Abfallent-
sorgung und Verbrennung der
Single-Use-Komponenten (dieses
Teilresultat kann durchaus nach-
teiliger ausfallen im Fall von For-
schungs- und Entwicklungsein-
richtungen in Technologie- und
Entwicklungsparks mit anderer
Entsorgungsinfrastruktur) und

. niedrigere Abschreibungen be-
dingt durch die geringeren Inves-
titionen von rund 20%.

Insgesamt zeichnet sich ab, dass sich
die Gesamtbetriebskosten, unabhän-
gig auf welcher Technologie die An-
lagen basieren, praktisch nicht unter-
scheiden bei einer geringen Anzahl
jährlicher Ansätze (10 Ansätze/a), je-
doch mit zunehmender Zahl der An-
sätze mit maximaler Anlagenauslas-
tung (40 Ansätze/a) die Betriebskos-
ten bei Single-Use-Technologie sogar
rund 10% über den „Edelstahl“-Anla-
gen ausfallen sollten.

Die integrierte Betrachtung der
Investitions- und Betriebskosten lie-
fert unter den getroffenen Annah-

men keine klare Aussage für eine Prä-
ferenz der einen oder anderen Tech-
nologieoption.

9. Implementierung
von Projekten

Projekte basierend auf Single-Use-Pro-
zesskomponenten beinhalten weniger
zu beplanende Apparatekomponen-
ten. Daher sind diese in einer kürzeren
Projektlaufzeit zu implementieren.
Die übliche Installations- und Be-
triebsqualifizierung beschränkt sich
auf den reduzierten Installations-
umfang. Allerdings entfällt nicht alle
Qualifizierungsarbeit. In erheblichem
Umfang wird dies später wiederholt
bei der Installation der Single-Use-
Prozesskomponenten vom Betreiber-
personal in abgewandelter Form zu
leisten sein. Die Projektrealisierung
kann noch weiter beschleunigt wer-
den, wenn im Gebäudebestand instal-
liert werden kann. Damit ergeben sich
dann im klassischen Anlagenbau nicht
realisierbare kurze Projektlaufzeiten.
Für die einzelnen Projektabschnitte
sind für unterschiedliche Ausgangs-
situationen typische Zeiträume in
Abb. 6 zusammengefasst.

10. Schlussfolgerung

Der unbestrittene Vorteil der Single-
Use-/Disposable-Technologie liegt in
der rascheren Implementierung und
den minimalen Rüstzeiten (Product
change-over) sowie den drastisch re-
duzierten Qualifizierungs- und Vali-

dierungsaufwand durch mit Gamma-
Strahlen bereits sterilisierte Bags und
Verbindungssysteme.

Investitions-, installations- und pla-
nungstechnische Einsparungspoten-
tiale ergeben sich insbesondere bei
der Implementierung eines umfassen-
den Single-Use-Konzepts. Diese resul-
tieren überwiegend vom Wegfall der
teilweise sehr komplexen Verrohrung
für CIP und SIP, einschließlich des da-
mit gekoppelten Automatisierungs-
aufwands.

Der Vorteil niedrigerer Investitions-
kosten wird im Betrieb in Abhängig-
keit von der Anzahl der später zu pro-
duzierenden Produktionsansätze aber
unter Umständen sogar überkompen-
siert durch höhere Kosten bei der Be-
schaffung der Einmalkomponenten.
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Abb. 6: Zusammenfassung (Teil 2:) Investitions- und Betriebskosten sowie Implemen-
tierungsaspekte.
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To reduce discharging of endocrine substances into the aquatic
environment, production and processing companies reduce the
release of these substances by installing technical barriers. Haupt
Pharma Münster produces hormone containing preparations such
as contraceptives and was looking for a safe and environmentally
friendly technology to avoid emitting of any APIs (pharmacologically
active substances).
During the planning stage a conceptual design study compared four
possible processes for waste water treatment: Reverse Osmosis, Acti-
vated Carbon, UV-Oxidation and disposal by a service provider.
After a comparison of technical and commercial criteria, which is
reproduced in this article, the company decided to use UV-oxidation.
The UV-oxidation process is described, as well the daily operating
practice of the UV-plant.
The degradation of the hormones cyproterone acetate, letrozole,
ethinylestradiol und levonorgestrel present in the waste water is
shown. Either selective API degradation or a substantial mineraliza-
tion of the organic matter can be achieved by the installed UV-plant
in full automatic operation. The mineralization is documented by
the degradation of TOC (Total Organic Carbon) and COD (Chemical
Oxygen Demand).

Introduction

On Haupt Pharma’s production site
in Münster more than 160 employees
work on high quality and on-time
contract development and manufac-
turing. Dedicated areas are reserved
for the production of oral high poten-
cy and low dose products (contracep-
tives, thyroid hormones, narcotics).

Handling of e. g. sex hormones as
highly potent pharmacologically ac-
tive substances requires increasingly
complex facilities and machinery to
protect the product, the workforce
and the environment [1].

Therefore waste water had to be
treated without releasing any phar-
macologically active substances to

the aquatic environment, as those
substances are known to interfere in
low concentrations. The new produc-
tion line complies with all modern
standards (e. g. latest FDA require-
ments) and has the minimum pos-
sible waste generation during regular
production. The expected waste
water quantity was 10 m3/d coming
fromproduction,mostly generatedby
cleaning processes.

To find an appropriate technical
solution to perform processing of
waste water an independent con-
sultant (D&B Pharmadesign, Halle/
Westphalia) had been authorized to
investigate established waste water
technologies and compare them
under technical and commercial

aspects. The Company asked the
consultant to compare methods
within the range from complete ex-
ternal service to 100% in-house
treatment.

Comparison of methods

The following methods have been
taken into account for the eval-
uation:
. RO (Reverse Osmosis) for concen-
tration and external disposal of the
concentrates,

. Activated Carbon filtration with
external recovery of the activated
carbon,

. UV-Oxidation/AOP (advanced oxi-
dation process) and

. Disposal of the untreated waste
water by a service provider.

The technical aspects were stated by
the consultant as given in Table 1.
Compared were the fraction of water
that can be discharged into the mu-
nicipal sewage system after using the
process and the part that has to be
disposed of. Additionally reliability,
maintenance effort and possible
risks of each process were evaluated
and compared.

The main disadvantage of re-
versed osmosis, activated carbon
and external disposal is that there
is still need of disposal of products
after the treatment. Necessary trans-
port, recycling or burning are part of
the operating costs of these methods
compared in Table 2. Most sustaina-
ble solution seemed to be the UV-
oxidation, enabling the operator to
discharge the complete waste water
into the sewage system after UV-
treatment. Precondition is that the
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Table 1

Technical aspects of processes compared.

Reverse Osmosis Activated carbon AOP External Disposal

Waste water
to be dis-
charged

75% of the treated waste water
can be discharged because of
reduction of the ingredients
between 95–99%

100% of the treated waste
water can be discharged

100% of the treated waste
water can be discharged

No discharge

Disposal 25% concentrate containing the
most part of the ingredients have
to be disposed, e,g by burning

Activated carbon has to be
disposed/ recovered

Nothing to be disposed of as
most of ingredients will be
mineralized

100% will be stored and
disposed of, e. g. by burning

Reliability Membrane is sensitive to many
substances (membrane fouling)
and must be cleaned.
Degree of concentration may be
limited by precipitation, operation
temperature is up to ca. 45°C.

Easy to be realized,
simple change of filtration
tanks

High reliability and good
process control.
Can be adjusted to a high
variation of waste water con-
centrations.

Easy to be realized, not
depending on water quality
and simple to handle

Maintenance Frequent and complete chemical
cleaning required ca. 1/month (see
membrane fouling).

Very low maintenance Low to middle maintenance
effort.
1 lamp change per year, clean-
ing of systemmay be required.

Minimum, maintenance of
tank farm

Risk Membrane fouling, lab test
required

Unknown frequency of filter
change depending strongly
on matrix, lab test required

Process to be developed, test
runs required

Development of external
costs

Table 2

Commercial aspects (database 2008) [2].

Reverse Osmosis Activated carbon AOP External Service

Investment in € 150000–165000 28500–31 500 70000–80000 28000–38000

Operating costs in €/m3 40–60 20–30 5–8 150–300

Table 3

Concentrations in the simulated
waste water [2].

Parameter Concentration
in the simulated
waste water in

mg/L

Cyproteron
acetate

6,6

Letrozol 1,0

Ethinylestradiol 0,032

Levonorgestrel 0,16

Total Organic Car-
bon (TOC)

62

Chemical Oxygen
Demand (COD)

163

Table 4

Ingredients of the waste water at Haupt Pharma Münster (10 m3/day).

Active Ingredients Concentration in the for-
mulation

Concentration in the
wastewater

Steroids 1,0–30% 2,0–56,0 mg/L

Aromatase inhibitor 1,0–30% 2,2–56,9 mg/L

Oestrogens, Gestagens 0,5–20% 0,2–18,1 mg/L

Excispients

Lactose 10–40%

total
80–188 mg/L

Microcrystalline Cellulose 10–40%

Kollidone/Povidone 2–3%

corn/potato starch 5–15%

Talcum 1–4%

Mg-Stearate 1–2%

Saccharide, refined sugar 30%
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active ingredients can be fully de-
graded by means of a thoroughly de-
veloped process and parameter set.

Based on these evaluation results
and detailed costs UV-Oxidation as
well as activated carbon treatment
seemed to be most feasible and eco-
nomic processes for the treatment of
this specific process waste water.

Therefore the company decided
that lab tests with both methods
should be carried out. A defined sim-
ulated waste water was treated by a
supplier of the activated carbon fil-
tration and a supplier for UV-instal-
lations (Table 3 and 4). Both had to
quote a commercial installation
treating the waste water with speci-
fications listed in Table 4.

Results of the laboratory
simulation

The laboratory tests using UV-Oxida-
tion showed the complete destruc-
tion of all compounds as shown in
Fig. 1–3. Moreover the process led
to the complete mineralization of
all organic compounds which means
that all organically bound carbon is
oxidized to carbon dioxide.

The UV-Treatment was stopped
when the detection limits for TOC
and COD were reached (1 resp.
10 mg/L). On the basis of these data
a commercial offer for an appropriate
industrial UV plant for treating 10m3/
d was prepared.

Industrial application

Under commercial and technical as-
pects the company decided to treat
the waste water with an Enviolet®-
UV-oxidation plant (Fig. 4) as operat-
ing costs were the lowest possible.
Moreover references showed this so-
lution to be a strong and reliable tool
for destruction of APIs or other con-
taminants [3, 4]. A. c. k.’s Oxidation
reactors have shown their ability to
treat even non-transparent solutions
or water with high loads of particles
[5].
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Fig. 1–3: Degradation of APIs, COD and TOC.
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The installed UV-oxidation sys-
tem is a batch treatment with a
fully automatic process. The waste
water is pumped by company into
two parallel storage tanks of the
UV-installation. From there the
PCS (process control system)
pumps the waste water into the
batch-treatment unit where the
process takes place. The solution
is pumped from the 12 m3 batch
tank via a loop into the UV-reac-
tors for oxidation; before entering
the UV-reactors the oxidant is
added and homogeneously mixed
into the waste water to get the
best degradation rate. During the
process all parameters like tem-
perature and pH-value are kept
on specification.Fig. 4: Enviolet®-UV-Installation for 100% destruction of APIs.
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Fig. 5–6: Destruction of API, COD and TOC during UV-treatment of real waste water.
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Fig. 5–6: Destruction of API, COD and TOC during UV-treatment of real waste water.
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During the start-up phase of the
industrial UV-plant treatments were
accompanied with intensive sam-
pling and analysis. At that time waste
water was contaminated only with
Ethinylestradiol, a sexual hormone.

In Fig. 5 it can be clearly seen, that
after a short while of oxidation the
sexual hormone is destroyed below
the limit of detection with COD elim-
ination less than 20%. This means
the APIs were degraded with high
selectivity. Later, after the start-up
phase, only one sample was taken
and analysed after a completed UV-
treatment. All analyses for different
hormones (Table 3) showed concen-
trations below the detection limit.
Hence there was no need for further
analyses, not even for analyses of
starting concentrations. Obviously
all hormones even in possible higher
initial concentrations were always
destroyed completely using the same
amount of consumables.

In case there was any API still
found after a treatment, maybe be-
cause of unexpected much higher in-
itial concentration, the treatment
could easily be continued until limits
are reached. This is another advan-
tage of the UV-Oxidation installed as
batch system. If there is waste water
with different initial concentrations,
the irradiation time can be adapted

to the present concentration before
treatment is started.

Striking is the much higher load of
organic matter (COD, TOC) beside
APIs and excipients in the real waste
water in contrast to the simulated
one (Table 3). COD values are in the
range of 1900 to 2000 mg/L (Fig. 6)
whereas the simulated water con-
tained only 163 mg/L COD. This is
because of cleaning solutions are
part of the waste water as well con-
taining phosphates and surfactants
amongst others. Therefore in the real
waste water a concentration of or-
ganics is measured that is more than
10 times higher than expected, how-
ever the concentration of the API is
still in the specified range. Obviously
this matrix doesn’t inflict the API
degradation significantly and there
was no need for a raise of consuma-
bles. The operating costs for com-
plete degradation remain the same.

Other technologies would require
easily 10 times higher operating costs
as determined before by the data of
the simulated waste water. This is
due to the very high selectivity of
the described UV-Oxidation system.

Beside generation of hydroxyl rad-
icals by UV-photolysis of H2O2 direct
photolysis of the targets can be
achieved as well. Both reactions lead
to subsequent degradation reactions

but especially the direct photolysis
enables a higher selectivity of oxida-
tion. This was shown already in
former a. c. k. projects where other
contaminants (Erythromycin, Sulfa-
methoxazol, Penicillin-V-K and Tri-
methoprim) were destroyed in real
waste water with lab- and indus-
trial-scaled plants [6].

Also to destruct possible by-prod-
ucts the oxidation is advanced up to
80% COD reduction. At this degree of
oxidation all organic compounds,
even stable surfactants, are degraded
mainly to carboxylic acids (Fig. 7).

To achieve 80% COD degradation
the process-parameters had to be
adapted to this task. It was still pos-
sible to carry out one batch treat-
ment in the given time frame.

An example for UV-oxidation of a
complex mixture of toxic organic
compounds in a real waste water
( fine chemicals industry) containing
phthalic acid derivates is illustrated
in Fig. 8–9. This example is presented
because detailed analyses of degra-
dation products and bio availability
exist. Concentrations of carboxylic
acids are rising during the treatment
by UV-Oxidation and after reaching a
maximum their concentration is
dropping as well. At this stage com-
plete bio availability is already
achieved. This was shown by meas-

Enviolet® UV-Oxida�on: industrial plant, API degrada�on and mineralisa�on
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Fig. 7: Destruction of API, COD and TOC during UV-treatment of real waste water.
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urement of BOD5 (Biological Oxygen
Demand after 5 days) and comparing
it with the COD. An adapted acti-
vated sludge would lead to an even
higher bio availability.

For all the above-mentioned rea-
sons the company is convinced to
have chosen the best method for
waste water treatment when install-
ing an UV-Oxidation. If there is more
waste water in the future or much
higher concentrations to be treated,
the system can be easily upgraded by
an additional UV-reactor without
any more space requirements.
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Fig. 8–9: Destruction of toxic compounds, COD and TOC during UV-treatment of real
waste water. Generation of bio available degradation products.
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Wissenschaft und Technik

Praxis

Masterstudiengang der Medizinischen Fakultät Leipzig
„Clinical Research and Translational Medicine“

geht in die zweite Runde

Im Oktober 2012 beginnt in Leipzig
der zweite Durchgang des Master-
Studiengangs „Clinical Research and
Translational Medicine“. Vor zwei
Jahren war der Studiengang als erster
Master-Studiengang der Medizi-
nischen Fakultät Leipzig an den Start
gegangen.

Der Studiengang ermöglicht Me-
dizinern, Naturwissenschaftlern so-
wie aufgrund ihrer Berufserfahrung
entsprechend qualifizierten Aka-
demikern berufsbegleitend und ver-
teilt auf vier Semester eine systema-
tische und praxisorientierte Weiter-
bildung im Bereich der klinischen
Forschung.

Ein Fokus des M.Sc.-Programms
liegt auf der Verknüpfung von For-
schung und Anwendung. Die Inhalte
reichen von der Arzneimittelentwick-
lung bis hin zur klinischen Prüfung
amMenschen und werden durch den
Bereich Ökonomie und Management
ergänzt. Es stehen nur ca. 20 Studien-
plätze zur Verfügung, „um eine inten-
sive Betreuung und optimalen Lern-
erfolg zu ermöglichen“, wie Dr. Tom
Sicker betont. Er ist der Akademische
Direktor des Studiengangs M.Sc. Cli-
nical Research and Translational Me-
dicine und verantwortet dessen orga-
nisatorische Leitung.

„Wir wollen gezielt berufstätige
Mediziner und in der klinischen For-
schung tätige Akademiker anspre-
chen. Aus diesem Grund ist der Studi-
engang berufsbegleitend angelegt und
setzt verstärkt auf Selbststudium und
E-Learning“, ergänzt Prof. Dr. Markus
Löffler, Direktor des Instituts für Me-
dizinische Informatik, Statistik und
Epidemiologie (IMISE) an der Medizi-
nischen Fakultät und einer der Initia-
toren des Master-Studiengangs.

Notwendig wird ein solches Wei-
terbildungsangebot, so Prof. Löffler,
aufgrund der zunehmend komplexer
werdenden klinischen Studien und
der steigenden Anforderungen an
die Prüfärzte. Zudem verlangen
Ethikkommissionen und Förderein-
richtungen inzwischen Qualifikati-
onsnachweise vom Studienpersonal.
Das Bundesministerium für Bildung
und Forschung (BMBF) folgte dieser
Einschätzung und nahm den Studi-
engang aufgrund der hohen Qualität
des konzipierten Kurrikulums 2007
in sein Förderprogramm auf.

Die interdisziplinäre Ausrichtung
des Studiengangs wird durch zahlrei-
che Kooperationspartner gewährleis-
tet. Beteiligt sind Einrichtungen der
Universität Leipzig wie das Translati-
onszentrum für regenerative Medi-

zin, Institute und Einrichtungen der
Medizinischen Fakultät (u. a. Zen-
trum für Klinische Studien Leipzig,
IMISE, Interdisziplinäres Zentrum
für Bioinformatik) sowie externe In-
stitutionen wie das Fraunhofer-Insti-
tut für Zelltherapie und Immunolo-
gie Leipzig.

Interessenten können sich ab so-
fort für die Teilnahme an dem Studi-
engang bewerben. Bewerbungsschluss
für das Wintersemester 2012/13 ist
der 1. September 2012.

Weitere Informationen:
Dr. Tom Sicker,
Akademischer Direktor des
Studiengangs M.Sc. Clinical Research
and Translational Medicine,
Universität Leipzig,
Zentrum für Klinische Studien Leipzig,
Härtelstraße 16-18,
04107 Leipzig (Germany),
Tel.: +49 (0)341 97 16 283,
e-mail: tom.sicker@zks.uni-leipzig.de
www.zks-msc.uni-leipzig.de
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