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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


Which are the new emerging compounds?
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Estimated number of chemicals used in the EU

> 100000 "old chemicals" until 1981

> >4000 "new chemicals" since 1981

> 30000 chemicals > 1 t yr
> 2900 chemicals > 100 t yr
» 2600 chemicals > 1000 t yr-
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»Emerging“ compounds (selection)

Hydrophilic
perfluoroalkylphosphonates,
perfluorinated phosphonic acids iodinated
analgetics, opiates X-ray contrast media
antidepressants  antibiotics, beta blockers
phosphor ester benzotriazoles,
flame retardants anticancer drugs L
NDMA primarily
estrogens solved
alkyl phenols primarily
sorbed
flame retardants
(e.g. HBCD)
< volatility >

Lipophilic volatile hone volatile
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Transformation products (TPs): new emerging compounds ?

UV-photolysis bank ozonation,
sunlight filtration chlorination
T ;
0
. I?;C sy
Pharma- _ , : ; .
ceutical — Metabolites =——> TP —— Tp3 —> TP4 —— TP

TPL

Identification of TPs: how to identify the relevant TPs (toxic, persistent) formed?
a) analytical approaches
b) modelling approaches
c) ecotoxicological approaches

Technical challenges

a) how to avoid the formation of (toxic) TPs?
b) how to remove TPs?
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Pharmacokinetic: human metabolism?

Drug Portal to-the World
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adapted by Daughton from Ternes (April 2000)
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Metabolism of pharmaceuticals

pharmaceutical phase I: metabolite phase |l . metabolite
oxidation phase | conjugation phase ll
reduction with glucuronic acid
hydrolysis sulfate, amino acid
phase | phasell |,oc
COOH " COOH —  ~ m COOH
HO HO o)
OH
Ibuprofen Ibuprofen-OH (9 %) conjugate (17 %)
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Metabolism and excretion of Ibuprofen
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%*
COOH

( +)-2-(4-1sobutylphenyl)propionic acid (lbuprofen)

*
COOH

Ibuprofen

[

conjugates

*
COOH

HO
Ibuprofen-OH

[

conjugates

15 %

26 %
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Metabolites of Ibuprofen in a municipal WWTP bfg%:mf |
WWTP Wiesbaden, sampling 1996, nitrification, sludge age: 4-5 days

Mean concentrations (5 days) in pg/L Mean loads in g/day
10 - 200
Ibu.2290H m influent
87 O] effluent | |~ 160
6 - — 120
4- - 80
2- - 40
0 - — 0

Clofibric acid
Ibuprofen
Ibuprofen-OH
Gemfibrozil
Naproxen
Ketoprofen
Diclofenac
Bezafibrate
Indometacin

Ibuprofen-COOH
Fenofibric acid

012 Thomas Temnes, BICH

N
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The antidepressant venlafaxine
I

N
OH

~o

Germany Canada

Consumption [mg cap'a'] 170 680
Consumption [t a*] 7.5 22.2
Concentrations [ng L] 73 (Rhine) 690 (Grand river)

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
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Metabolism and excretion of venlaflaxine

Metabolism in HO
humans: >90%
O *
/ Venlafaxine (VFI)
—N
\ \
O-Desmethylvenlafaxine N-Desmethylvenlafaxine N,O-Didesmethylvenlafaxine
HO
X ;
— [0 *
) e
—N
\
major metabolite minor metabolite minor metabolite
(phase 1) (phase ) (phase 1)
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Occurrence and ,,removal“ of venlaflaxine
in two German WWTPs
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. O-Desmethyl- N,O-Dides-
Venlafaxine venlafaxine methylvenlafaxine Sum
[ng/L] [ng/L] [ng/L] [ng/L]
WWTP | influent 200 510 130 840
WWTP | effluent 220 600 160 960
WWTP Il influent 250 780 200 1230
WWTP Il effluent 290 720 150 1160

Conclusion: no removal at all in a WWTP!
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Biological transformation in WWTPs?
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Enzyme-catalyzed reactions during nitrification (1) bfggiﬁfi*@ii?ﬂ“n'??“’.

Amide hydrolysis (Radjenovic et al., 2008; Quintana et al., 2005)

o
— =
HsC [i]ll HsC /J::::]//
CHy ©H

CH, ©OH
Atenolol Atenololic acid
@ O\\ O\\
Cl 4‘!!5} HeC OH 44!!5' HeC OH
3 Cl =+ 3
Bezafibrate p-Cl-benzoic acid

Bezafibrate-TP

N-dealkylation (Kern et al., 2009)

Venlaflaxin N-Demethyl-Venlaflaxin



Enzyme-catalyzed reactions during nitrification (2) bfggﬂﬁiﬁ?ﬂ?ﬂ?#“’_

Thiol ether oxidation (Kern et al., 2009)

NH___NH 0 NH _NH 0
H3C/ ]/ / H3C/ ]/ \ /
E ; 'N—CH ——CH
O§N+ /N 3 — O§N+ /N 3
| H;C | H;C
@) @)

Ranitidin Ranitidin-sulfoxid

Alcohol and aldehyde oxidation (Prasse et al., 2011)

o S

Acyclovir Carboxy-Acyclovir| Penciclovir Bialdehyde-Penciclovir

Decarboxylation (oxidative) (Kosjek et al., 2007)
— 3 + CO
\ HsC 2
H3C\O 3 \O

Naproxen Decarboxyhydroxy-Naproxen




BfG approach to identify TPs bfg sz

1 ( Transformation in lab systems: relevance for WWTPs/environment? ’
2 ( TP-Screening via HR-MS: “exact” masses - elemental composition ’

MS"-fragmentation via HR-MS, Q-MS
3 - functional moieties,
—> first proposal of chemical structure

4 Chemical synthesis of TPs or isolation of TPs from lab systems
-> standards and NMR
5 NMR - a) confirmation of the chemical structure proposed,
b) revised proposal of the chemical structure
6 ( Mass balance - indication if the predominant TPs have been identified ’

7 Detection of TPs in wastewater, rivers, ground water, drinking water ’
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Forming TPs in aerobic batch experiments

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/CO,
to adjust a stable pH.

pH-control —~

e

N ] | N— A

air co,

[ ] ||||||||||||\

— | Rotamete:‘
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UV-filters — Sulisobenzone — benzophenone 4 g

approved in cosmetics:
<10% US, < 5% Europe

recommended for products in
O transparent packagings
skin o~ product protection: paints &
o=?=o textiles
OH

Ph.D. thesis Rita Beel
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BP-4 degradation

o , WWTP influent: 21-51 ug/L
TR —— WWTP effluent: 0.11 - 0.57 pg/L
= 73-98% elimination
surface waters: 0.05 - 2.0 ug/LL
O OH
o~ // pseudo 1st order:
0=$=0 3 e In(c,/c) =k, " SS * t
OH 0 /
e Sulisobenzone 7% 2 /" Kpio) = 0.92 £ 0.10 L/(ggs*d)
1 pd
d ty = In2/(ky;,"SS)
o =1.76 £ 0.04 d
0 2 4 6 8 10
time/days
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LC-LTQ-Orbitrap Velos

Linear ion tra
MS" (n_. =10 P
max A
( \
Collision Induced Hllg)I?er en.e:.gy Cﬁlcl:lglon
LTQ Velos Dissociation (CID) Issociation (HCD)

Electrospray lon Source S-Lens Square Quadrupole Octopo resonance eXC|tat|0n Multipole C-Trap HCD Collision Cell

X Gt e ] e

Orbitrap Mass Analyzer

accuracy in ppm:
1 ppm: 700.0000 * 0.0007 Da

100 ppm: 700.00 £ 0.07 Da

Orbitrap Mass
Analyser
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=> Exact molecular mass




bfo e
BP-4: First transformation product TP310 g g

OH
O O reduction TP310
=
- O O _
o_s_o 0=s=0
5 !
m/z = 307.02829 m/z = 309.04330
C14H1106S C14H1306S
o -, OH OH
+ NaBH, EtoH - O O
O O 0" -BH,; +H, o~
0=s=0 - NaOEt C=IEE
OH on
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Formation of TPs in batch experiments

areas MS
x 106
12

TP208

0 5 10 15 20 25
Time in days
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Mass balance (recovery) in the batch experiments

o OH
SAGW
0=8=0

|
A OH

\ / sterile control | Sulisobenzone

50% \
0% I'I'I'I—A—v—v < L

0 5 10 15 20 25

recovery

Sulisobenzone
100%

time in days
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Biological transformation and ozonation?

Carsten Prasse, Michael Schlusener, 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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Antivirus drugs — therapeutic use g~/

Schweinegrippe

w5y
Influenza-Virus A (HIN1) weltweit 10. Juni
Influenza Virus ..

20000
18000
16000

Herpes Virus

19 273

Bestitigte
Todestalle
141

10. Juni
A % 2. April  Mai Juni
AP Quelle: WHO

Zowmx gJ

L’FF enh‘ﬂfp&'-"crﬂ.m a8
2§ Crome Zar Arrendind s TR
X </ g
O :

O/\/

Acyclovir Oseltamivir

PENCIVIE BEI
Peniclovis nm Crome -
-

K Fenistil o3
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Metabolism of Oseltamivir in patients

§J hepatic esterases o;

=0 Y
HN HN
H,N

HoN

Oseltamivir (OP) Oseltamivir carboxylate (OC)

(pro-drug) - active metabolite!

- urine: ratio OP/OC =0.2-0.3
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Oseltamivir carboxylate in the Rhine: Nov./Dec. 2009 bfg

Load oseltamivir carboxylate (OC) Rhine Swine flue patients
in kg d!
25+ — 50000
........... n
2.0 - _ _ _ + 40000
Swine flue patients ‘
1.5 i . ~ 30000
| _ |
1.0 - - 7 H o + 20000
mlle 1 [ n
0.5 7 [ "_"- +- 10000
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Ratio of oseltamivir (OP)/oseltamivir carboxylate (OC)

OP/OC
Urine 0.2-0.3
Raw wastewater 0.3
WWTP effluent
Ruhr 0.3-1.8
Emscher 1.2
Hessian Ried 0.6 -3.1
Rhine 12.4-13.8
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Größeres Verhältnis bedeutet: Mehr OP (unrealistisch da sich Ester bilden müsste (mit Ethanol) oder WENIGER OC  Abbau!!
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Source for Oseltamivir in the Rhine
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Monitoring station at Weil (Germany) bfg%:zﬁzm:ﬂa:"* |
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Concentration [ng L]

bt;

10 -
[0 Zidovudine [JAcyclovir
81 Penciclovir l Stavudine
6 -
: I 1
4 :
2 -
0
S5 S4 S3 S2 $1

_".O ‘E'etti.r.'lg__e_h
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Concentration [ng L]
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mean OP:0OC ratio: 13.1

|l Oseltamivir

[]Oseltamivir carboxylate

0

S5

S4 S3 S2 S1

..--'_.Birs'félﬁ'd e
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Source for Oseltamivir in the Rhine -

Internatlonal sampllng B . & I\

tatlo N #| Discharge of Basel

' T s | WWTP (Chemical
Industry)
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Source for Oseltamivir in the Rhine

- equivalent to 12,000 treated individuals!!

(Sampling date: 07.10.2009)
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Transformation of acyclovir in a municipal WWTP

Acyclovir
(ACV)

N
J\
N NH
H

N
(
@)
|\/OH
ng/L ACV

Influent 1990
effluent 140
elimination 93 %
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Detection of Carboxy-Acyclovir from WWTP effluent

to drinking water 0
K+
concentration ‘ N
[ng/L] I
_S=0
3000 H3C @] \‘b
2500 | [ W ACV Acesulfame
\ [ ] Carboxy-ACV
2000 | [ [ ] Acesulfame (x 20)
1500 —_
dilution
1000
500 | f I transformation
. T
T = = 1
0 . I I I I ==
WWTP-effluent surface ground water ground water drinking
water (aerobic) (anaerobic) water
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http://upload.wikimedia.org/wikipedia/commons/a/a4/Acesulfam_K.svg

Detection of Carboxy-Acyclovir from WWTP effluent  bfg e
to drinking water Pt

conc. [ng L]
350 ® Acyclovir 1
@ Carboxy-Acyclovir
300 | T
250 T
200 T
150 T
100 T
40 ng L™
1 H
0 - | | |
surface Ground water ground water drinking
water (aerobic) (anoxic) water
..
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Transformation of Acyclovir (ACV)

O O
nitrification f‘\ ozonation )Sz* NH
1] ] — </ 10— A N @
)\ )\ %NH &

HN 0
l\/OH Acyclovir I\<OH Carboxy-ACV COFA \\(o
o

(ACV)
OH

COFA:
N-(4-Carbamoyl-2-imino-5-oxoimidazolidin)formamido-N-methoxyacetic acid
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Inhibition of bioluminescent bacteria Vibrio fischeri

40ng 100 ng 200 ng 500 ng 1000 ng " 409 100 ng 200 ng 500 ng 1090 ng

non toxic for Vibrio fischeri toxic for Vibrio fischeri!

Conclusion:
Ozonation can transfer an untoxic compound into a toxic TP!
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bf Commtate. 7
Detection of COFA in a waterworks after GAC filtration & —
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Conclusions >

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.

But we should have a dream!

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.

=> TPs are new emerging frequently unknown contaminants

Sampling/analysis of emerging contaminants, Oslo, 1.-2.3.2012 _



Bundesanstalt fiir
Gewiisserkunde g

Financial Support
EU for funding Neptune and Athene

from the Sixth Framework Programme and ERC
and

the German BMBF for funding TransRisk

Sampling/analysis of emerging contaminants, Oslo, 1.-2.3.2C



	Foliennummer 1
	Foliennummer 2
	Foliennummer 3
	Foliennummer 4
	Foliennummer 5
	Foliennummer 6
	Foliennummer 7
	Foliennummer 8
	Foliennummer 9
	The antidepressant venlafaxine
	Foliennummer 11
	Foliennummer 12
	Foliennummer 13
	Foliennummer 14
	Foliennummer 15
	Foliennummer 16
	Foliennummer 17
	Foliennummer 18
	Foliennummer 19
	Foliennummer 20
	Foliennummer 21
	Foliennummer 22
	Foliennummer 23
	Foliennummer 24
	Foliennummer 25
	Foliennummer 26
	Foliennummer 27
	Foliennummer 28
	Foliennummer 29
	Foliennummer 30
	Foliennummer 31
	Foliennummer 32
	Foliennummer 33
	Foliennummer 34
	Foliennummer 35
	Foliennummer 36
	Foliennummer 37
	Foliennummer 38
	Foliennummer 39
	Foliennummer 40
	Foliennummer 41
	Foliennummer 42

