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Vorführender
Präsentationsnotizen
Vielen Dank für die einführenden Worte. Wie schon gesagt würde ich Ihnen gerne einen Teil meiner Ergebnisse zum Vorkommen und Verhalten von Antivirenmitteln in der aquatischen Umwelt vorstellen.


Thank you very much for the kind introduction. I would also like to thank the organisation committee for giving me the chance to present a part of my work here. As already mentioned I would like to present you the results of a study about the biotransformation of acyclovir and penciclovir, two antiviral drugs, in biological wastewater treatment
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Which are the new emerging compounds?



Sampling/analysis of emerging contaminants, Oslo, 1.-2.3.2012 Thomas Ternes, BfG


 

100000 "old
 

chemicals" until
 

1981


 

> 4000  "new chemicals" since
 

1981


 
30000 chemicals

 
> 1 t yr-1


 
2900 chemicals

 
> 100 t yr-1


 
2600 chemicals

 
> 1000 t yr-1

Estimated number of chemicals used in the EU



Sampling/analysis of emerging contaminants, Oslo, 1.-2.3.2012 Thomas Ternes, BfG

antibiotics, beta
 

blockers

estrogens

benzotriazoles,
 anticancer drugs

alkyl
 

phenols

NDMA

volatile none
 

volatile

Hydrophilic

Lipophilic

po
la

rit
y

iodinated
 X-ray

 
contrast

 
mediaanalgetics, opiates  

antidepressants

phosphor
 

ester
 flame

 
retardants

primarily  
solved 

primarily
 sorbed

perfluoroalkylphosphonates,
 perfluorinated

 
phosphonic

 
acids

biocides 

„Emerging“
 

compounds
 

(selection)

flame
 

retardants
 (e.g. HBCD)

volatility

UV-filters 



Sampling/analysis of emerging contaminants, Oslo, 1.-2.3.2012 Thomas Ternes, BfG

Transformation products
 

(TPs): new
 

emerging
 

compounds
 

?

Technical
 

challenges
 a)

 
how to avoid the formation of (toxic) TPs?

b) how to remove TPs?

Identification
 

of TPs: how to identify the relevant TPs
 

(toxic, persistent) formed?
 a) analytical approaches

 b) modelling approaches
 c) ecotoxicological

 
approaches 
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Pharmacokinetic: human metabolism?



Sampling/analysis of emerging contaminants, Oslo, 1.-2.3.2012 Thomas Ternes, BfG

pharmaceutical
oxidation
reduction
hydrolysis

conjugation
with glucuronic

 
acid

sulfate, amino acid

metabolite
phase I

metabolite
phase II

phase I phase II

Ibuprofen 

phase I

HO

Ibuprofen-OH (9 %)

HCOO

phase II

conjugate (17 %)

O
HO

HO

HOOC

OH
O

HCOOHCOO

Metabolism
 

of pharmaceuticals



Sampling/analysis of emerging contaminants, Oslo, 1.-2.3.2012 Thomas Ternes, BfG

(   )-2-(4-Isobutylphenyl)propionic acid (Ibuprofen)+

*

Ibuprofen-OH

*

conjugates

26 %

*

Ibuprofen-COOH

conjugates

43 %

*
*

Ibuprofen

conjugates

15 %

HCOO

HCOO

COOH

HCOO HCOO

HO

*

Metabolism
 

and excretion
 

of Ibuprofen



Sampling/analysis of emerging contaminants, Oslo, 1.-2.3.2012 Thomas Ternes, BfG

Mean concentrations (5 days) in µg/L
C

lo
fib

ric
ac

id

Ib
up

ro
fe

n

Ib
up

ro
fe

n-
O

H

Ib
up

ro
fe

n-
C

O
O

H

G
em

fib
ro

zi
l

N
ap

ro
xe

n

K
et

op
ro

fe
n

D
ic

lo
fe

na
c

Fe
no

fib
ric

ac
id

B
ez

af
ib

ra
te

In
do

m
et

ac
in0

2

4

6

8

10
influent

effluent

Mean loads in g/day

Ibu.

Ibu.-OH

Ibu.-COOH

120

80

40

160

200

0

Metabolites of Ibuprofen in a municipal WWTP
WWTP Wiesbaden,  sampling

 

1996, nitrification, sludge
 

age: 4-5 days



Sampling/analysis of emerging contaminants, Oslo, 1.-2.3.2012 Thomas Ternes, BfG

The antidepressant venlafaxine

15% increase
 

of venlafaxine concentrations
 

expected the next years due to



 

Increasing consumption
 

per capita of venlafaxine as seen from 2006-2008 in Germany
 (1. demographic changes; 2. changing of life style) 



 

Climate change: increasing number of draughts due to extreme weather conditions

Consumption [mg cap-1a-1]
 

170
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 Consumption [t a-1] 7.5
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 Concentrations [ng
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Germany
 

Canada
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N
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Occurrence
 

and „removal“
 

of venlaflaxine
 in two

 
German WWTPs

150720290WWTP II effluent 
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130510200WWTP I influent

[ng/L][ng/L][ng/L]

N,O-Dides-
 methylvenlafaxine

O-Desmethyl-
 venlafaxine

Venlafaxine

Conclusion: no removal at all in a WWTP!
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Biological transformation in WWTPs?
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Transformation in lab systems: relevance for WWTPs/environment?Transformation in lab systems: relevance for WWTPs/environment?1

TP-Screening via HR-MS: “exact”
 

masses  elemental compositionTP-Screening via HR-MS: “exact”
 

masses  elemental composition2

MSn-fragmentation via HR-MS, Q-MS 
 functional moieties, 

 first proposal of chemical structure

MSn-fragmentation via HR-MS, Q-MS 
 functional moieties, 

 first proposal of chemical structure
3

NMR  a) confirmation of the chemical structure proposed,
 b)

 
revised proposal of the chemical structure

 

NMR  a) confirmation of the chemical structure proposed,
 b)

 
revised proposal of the chemical structure5

4 Chemical synthesis of TPs
 

or isolation of TPs
 

from lab systems
  standards and NMR

 

Chemical synthesis of TPs
 

or isolation of TPs
 

from lab systems
  standards and NMR

Detection of TPs
 

in wastewater, rivers, ground water, drinking waterDetection of TPs
 

in wastewater, rivers, ground water, drinking water7

6 Mass balance  indication if the predominant TPs
 

have been identified Mass balance  indication if the predominant TPs
 

have been identified 

BfG approach
 

to identify
 

TPs
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Forming TPs
 

in aerobic batch experiments 

CO2Luft
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pH-Kontrolle

CO2Luft

Rotameter

pH-Kontrolle

Simulation of WWTP nitrification 
Taking activated sludge from a full-scale WWTP, diluting 1:10

 to minimize sorption) and bubbling a definite ratio of air/CO2

 
to adjust a stable pH.

air

pH-control
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BP-4 degradation
WWTP influent:
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Biological transformation and ozonation?

Carsten
 

Prasse, Michael Schlüsener, Ralf Schulz, Thomas Ternes 
ES&T 44(5), 1728–1735,

 
2010 

Carsten
 

Prasse, Manfred Wagner, Ralf Schulz, Thomas Ternes 
ES&T 45, 2761–2769, 2011

Carsten
 

Prasse, Manfred Wagner, Ralf Schulz, Thomas Ternes 
ES&T in press, 2012
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Urine

Raw
 

wastewater

WWTP effluent
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Vorführender
Präsentationsnotizen
Größeres Verhältnis bedeutet: Mehr OP (unrealistisch da sich Ester bilden müsste (mit Ethanol) oder WENIGER OC  Abbau!!
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Monitoring
 

station
 

at Weil (Germany)



Sampling/analysis of emerging contaminants, Oslo, 1.-2.3.2012 Thomas Ternes, BfG

Concentration
 

[ng L-1]

0

2

4

6

8

10

S5 S4 S3 S2 S1

Sample location

Zidovudine Acyclovir
Penciclovir Stavudine



Sampling/analysis of emerging contaminants, Oslo, 1.-2.3.2012 Thomas Ternes, BfG

Concentration
 

[ng L-1]

0
20
40
60
80

100
120
140
160
180
200

S5 S4 S3 S2 S1
Sample location

Oseltamivir
Oseltamivir carboxylate

mean
 

OP:OC ratio: 13.1



Sampling/analysis of emerging contaminants, Oslo, 1.-2.3.2012 Thomas Ternes, BfG

Industrial discharge
 

of oseltamivir
 

in the
 

Rhine

International sampling
 station Discharge

 
of Basel 

WWTP (Chemical 
Industry)

Source
 

for
 

Oseltamivir
 

in the
 

Rhine



Sampling/analysis of emerging contaminants, Oslo, 1.-2.3.2012 Thomas Ternes, BfG

Calculated
 

load: 1.8 kg d-1
 oseltamivir

 
in the

 
Rhine!

 equivalent
 

to 12,000 treated
 

individuals!!
 (Sampling date: 07.10.2009)

Source
 

for
 

Oseltamivir
 

in the
 

Rhine
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Inhibition of bioluminescent bacteria Vibrio fischeri

Conclusion: 
Ozonation

 
can transfer an untoxic

 
compound into a toxic TP!
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It
 

needs
 

a) a lot of time and b) independent techniques
 

to elucidate
 

and 
confirm

 
the

 
complete

 
chemical

 
structure

 
of a unknown

 
molecule

 
including

 
its

 stereochemistry. 

Conclusions

Currently
 

biological
 

wastewater
 

treatment
 

does
 

not
 

lead
 

to a removal of 
emerging

 
pollutants,  it

 
causes

 
the

 
formation

 
of a multitude

 
of polar biological

 and chemical
 

TPs. Some
 

TPs
 

even
 

reach
 

drinking
 

water.
A challenge for the future!

Strong oxidants used for disinfection are prone to form (halogenated) TPs 
(disinfection by-products). Nontoxic TPs can be transformed into toxic TPs.

Can
 

only
 

be
 

avoided
 

if
 

the
 

emerging
 

pollutants
 

have
 

been
 

removed
 

before. 

But we should have a dream!

=> TPs
 

are new emerging frequently unknown contaminants
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