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 32‘389 Studen ts (Win te r 2017/18) 
- 4‘800 in te rna tiona l Studen ts from  125 Nations 
- 7‘530 Beginne rs (1st sem este r) 

 122 Study courses

 Num erous coope ra tion  p rogram m es with  Unive rsitie s 
world  wide  

 8‘200 em ployees (2017) 
of which  3‘680 th ird  party funded  

 528 Mio Euro tota l budge t 2017 
of which  258 Mio Euro th ird  party fund ing 

TU Dresden: 
Numbers and facts 
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Center for Advanced Water Research – CAWR
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The pathway of pharmaceuticals from 
production to the river 
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Prescription data of AOK PLUS  41% of insured people in Dresden 

Oertl et al. (2015) 

Prescription as a proxy for consumption of antibiotics 
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Development and 

production of 
pharmaceuticals 

• Antib iotic specific

• Depending on  app lica tion  (in travenous, ora l, …)

• Only partia l up take  th rough  body passage  
(ga ll b ladde r, live r, …)

• Excre tion  th rough  urine  or faeces 

• Specific excre tion  ra te  

• Excre tion  = f(e ffect, excre tion  pa thway, te st pe rson , 
ana lytics e tc.) 

Human metabolism 



Seminar 
Pe te r Krebs – Pharm aceutica ls in  the wate r system
Unive rsité Laval, Québec / /  21-01-2020  

Slide  10

Flux model 

Prescription 

Flow rate in rivers 

Consumers 

Excretion rate 

Transport and transformation 
in Sewer

Elimination and transformation 
in WWTP 

Concentration 
in river 

Di
re

ct
 d

is
po

sa
l 

CS
O

 
Development and 
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Excretion without metabolism 
Antibiotics
Erythrom ycin 2,5 – 4%  in urine  12 – 25% in  faeces 
Ciprofloxacin 40 – 50% in urine
Sulfam ethoxazol 2 – 15% in  urine
Antidiabetics
Metform in 80 – 90% in  urine  and  in  faeces 
Lipid reducers 
Bezafib ra t 50% in urine
Antiepileptics
Carbam azepin 2% in urine  app . 25% in  faeces 
Gabapentin 55 – 60% in urine

Excretion rates of some pharmaceuticals 

Faule r (2017), MikroModell Colloqu ium

 Metabolites??
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Antibiotic Excretion rate
Am oxicillin 60 – 85 % (Aktorie s et al. 2009, Martinda le  1993)
Azith rom ycin 67,4 % (Sandoz 2009)
Cefotaxim 40 – 60 % (Fresen ius 2012a)
Cefuroxim 42,8 – 57,0 % (ODDB 2014)
Ciprofloxacin 40,0 – 69,7 % (Küm m ere r et al. 2000, Pharm a 2012a)
Clarith rom ycin 60,0 – 78,1 % (Abbott 2006, Hirsch  et al. 1999)
Clindam ycin 10 – 35 % (Pharm a 2012b , Still et al. 2006)
Doxycyclin 22 – 70 % (Hirsch  et al. 1999, Pharm a 2008)
Levofloxacin 74.9 – 85.9 % (Wagen lehne r et al. 2006)
Pen icillin  V 29 – 43 % (Pharm a 2012c)
Pipe racillin 60 – 95 % (Aktorie s et al. 2009, Fresen ius 2012b)
Roxith rom ycin 47,8 – 60,0 % (Hirsch  et al. 1999, Sanofi-Aven tis 2009)
Su lfam e thoxazol 15 – 25 % (Hirsch  et al. 1999, Martinda le  1993)
Trim e thoprim 40 – 60 % (HSDB 2014, Martinda le  1993)

Excretion rates for antibiotics  Metabolites??
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• ϕ0 = Annual overflow ra te  for sewage  
• ηi = Efficiency of WWTP re . com pound  i
• ε0 = Annual overflow ra te  for storm wate r

Urban  su rface  Com bined  system  WW trea tm ent 

Rive r 

Rain Sewage 

Organics, nutrients 
Pharmaceuticals, antibiotics 

resistance 

100%

(1-ηi)·(1-ϕ0)ϕ0
Ground  wate r 

1-ϕ0

(? %)

Sewage born compounds in combined sewer 

ε0

1-ε0



Seminar 
Pe te r Krebs – Pharm aceutica ls in  the wate r system
Unive rsité Laval, Québec / /  21-01-2020  

Slide  13

Flux model 

Prescription 

Flow rate in rivers 

Consumers 

Excretion rate 

Transport and transformation 
in Sewer

Elimination and transformation 
in WWTP 

Concentration 
in river 

Di
re

ct
 d

is
po

sa
l 

CS
O

 
Development and 

production of 
pharmaceuticals 

Urban Surface 
PAH, heavy metals 

Sewage sewer WWTP 

River 

Rain Sewage 

100%

100%

Stormwater sewer 

Sewage born compounds in separate sewers 

Pharmaceuticals 

1-ηi
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Kläranlage
Kläranalge + Ozonung
Kläranlage + Aktivkohle

Analgetika Lipidsenker Anti-
epileptika

Röntgen-
kontrast-

mittel

Antibiotika Beta-Blocker Hormone

Literature -review of 11 studies and 
pilot experiments 

 BUT: Transformation 
products? 

Marx et al. (2014) 

Efficiency η of WWTP for 
elimination of pharmaceuticals Conventiona l 

Conventiona l + ozone  
Conventiona l + AC 

Analgesics Lip id  
reduce rs 

Anti-
ep ilep tics 

X-ray 
contrast 
agents 

Be ta-b locker Horm ones Antib io tics 
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Fate of compounds depending on simple 
descriptors

Degradable Non-degradable 

Dissolved • Degradation partly in sewer

• Hardly present in WWTP 
effluent

• Ev. in CSO 

• Transformation products?

• Remain dissolved 

• Highest concentrations in WWTP 
effluent 

• With ϕ0 and ɛ0 , respectively, 
directly to river 

Bound to 
particles 

• In sewer sediments 

• Partially degraded, partly in 
sludge 

• Partially degradation in 
sludge treatment 

• In sewer sediments 

• With particles in overflows: 
 with > ϕ0 and > ɛ0, 
respectively, to receiving water 

• WWTP: in sludge – not in effluent 
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from Schubert et al. (2015) 

Antibiotics
concentration
in wastewater

Hospital wastewater
Cefuroxim 71 µg/l
Piperacillin 58 µg/l
Levofloxacin 42 µg/l

Hospital prescriptions 
Piperacillin (2012:161 kg) 
Cefuroxim (2012:105 kg)
Cefotaxim (2012:37 kg)

Ambulant prescriptions 
Amoxicillin (82 kg/a, 23 %)
Penicillin V (70 kg/a, 19 %)
Clindamycin (58 kg/a, 16 %)

Domestic area 

Hospital 

Sewer
Clarithromycin 3,4 µg/l
Amoxicillin 3,2 µg/l
Penicillin V 1,5 µg/l 

Sewer sediment 
Ciprofloxacin 380 µg/kg
Azithromycin 150 µg/kg
Doxycyclin 120 µg/kg

WWTP inflow 
Cefuroxim Median 1,59 µg/l
Clarithromycin Median 0,43 µg/l 
Clindamycin-SO 0,42 µg/l

Sediments in grid chamber 
Ciprofloxacin 803 µg/kg
Levofloxacin 348 µg/kg
Doxycyclin 151 µg/kg

WWTP effluent 
Cefuroxim Median 0,60 µg/l
Clindamycin-SO Median 0,42 µg/l
Clarithromycin Median 0,37 µg/l

Sludge
Ciprofloxacin 397 µg/kg
Levofloxacin 308 µg/kg
Roxithromycin 272 µg/kg

Monitoring WWTP 
(15 Mon.)
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Dynamics, overflows 
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Urban  su rface  Com bined  system  WWTP 

Rive r 

Rain Sewage 

Organics, nutrients
pharmaceuticals, antibiotics 

resistances 

100%

(1-ηi)·(1-ϕ0)ϕ0
Groundwate r 

1 – ϕ0

(? %)

continuous 

intermittent 

Sewage-born compounds in combined system 

ε0

1 - ε0

• ϕ0 = Annual overflow ra te  for sewage  
• ηi = Efficiency of WWTP re . com pound  i
• ε0 = Annual overflow ra te  for storm wate r
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MS6 MS4 
MWE 

NH4
+ - from CSO 

Ammonium-load Ammonium-concentration 

 The load peak induces an acute receiving water impact 

NH 4
+ - Measurements in Lockwitzbach 
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 The majority of pharmaceuticals is mostly excreted with the urine –
like Ammonium 

 Ammonium is a tracer for urine 

 Dynamics of pharmaceuticals fluxes similar to those of Ammonium!! 

Why Ammonium??
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 Diurnal variation during dry weather 

 Load peaks during rain events, discharged to river 
 Eco-toxicological relevance?? 

Load peaks of pharmaceuticals  
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What is the significance of dynamic peak impacts?
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Compounds flux modelling 
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Flux model 

Prescription, weakly 

Concentration measurements in 
inlet and effluent of WWTP 

Concentration measurements in 
sewer 

Flow rate in river 

Consumers 

Excretion rate 

Transport and transformation) 
in sewer 

Elimination and transfor-
mation in WWTP 

Concentration 
in river 

Flux model –
„high resolution“ 
in space and 
time 
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Flux model 
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Assumption for a pharmaceutical compound 

95% consum ption , 5% d isposa l to  toile t 

2% excre tion  ra te  

Transport in  sewer is conse rva tive  

Annual overflow rate of combined water 5% 

Efficiency of WWTP incl. Te rtia ry trea tm ent 97%  3% in  e ffluen t 

 At low excretion rate and high efficiency of WWTP:
- direct Disposal to the toilet and 
- CSO 

become significant or even dominant! 

0,95 0,05

0,02 ∙ 0,95

Sew ∙ 0,03 ∙ 0,95

Sew ∙ 0,05Sew ∙ 0,95
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Dynamic cumulative risk index for the river Elbe in Dresden 

• Background concentration upstream is considered 

• „Cumulative risk“ 

• Summer often critical due to low flow rate in the river 

2005
2006

2007 2009
2010

2011
Marx et al. (2015) 

𝑅𝑅𝑅𝑅 = �
𝑖𝑖=1

𝑛𝑛
Environmental conc.𝑃𝑃𝑃𝑃𝑃𝑃𝑖𝑖

predicted now effect conc.𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑖𝑖
= �

𝑖𝑖=1

𝑛𝑛

𝑅𝑅𝑅𝑅𝑖𝑖
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Input 
 inhabitants (Micro-census)
 hospital beds 
 prescriptions pharmaceuticals 
 insurance data
 WWTPs + connected PE 
 river network 
  linkage through ZIP code or 

municipalities 

Input data for river balance 
 Concentration data: 

 1003 measurement points 
 Bi-weakly to quarter-annually 

 Flow rate data:
 216 measurement points 
 Daily 

Saxony -wide pharmaceuticals flux model – input data 



Seminar 
Pe te r Krebs – Pharm aceutica ls in  the wate r system
Unive rsité Laval, Québec / /  21-01-2020  

Slide  28

Spatial resolution of weekly 
prescription information 
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©HELMSOFTWARE 
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Que lle : 
www.um welt.sachsen .de

Que lle : Fa . Luftb ild-
Service  Büsche l, 08301 
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KA Chem nitz-He inersdorf
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Quelle : Alexander Bannie r (ZWAV)

3 testsites in 
MikroModell 
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Investigated measures in three catchments 

Options 
Present condition 
AusGK4b WWTP > 50 000 PE are  im proved  
AusQT24MNQ100 Im provem ent of a ll WWTPs contribu ting m ore than  50% to  the  rive r flow 

downstream  a t m ean  low flow 
AusGrenzw200 Im provem ent of a ll WWTPs inducing concentra tion  > 2 * EQS a t m ean  low 

flow 
SubsCBZ50 Prescrip tion  of carbam azepine  is  reduced  by 50% (substitu tion  with  

gabapentin?) 
Without hospitals Hospita l-WW is trea ted separa te ly 

Criteria  
Accumulated 
river -km

With  low, critica l and  h igh  im pact 
(< 0.5, 0.5 – 2, > 2 EQS a t m ean  low flow) 

Load reduction a t ca tchm ent ou tle t in  kg/a  and  in  % 



Seminar 
Pe te r Krebs – Pharm aceutica ls in  the wate r system
Unive rsité Laval, Québec / /  21-01-2020  

Slide  31

Weiße -Elster catchment 

Diverse  re su lts fü r d iffe ren t crite ria  
Substitu tion  m ost e ffective  regard ing rive r-km  
Im provem ent of WWTP Plauen  reduces the  tota l load  m ost sign ifican tly  

 Belastung    

 
gering  
< 0,5 

JD-UQN 

kritisch  
0,5 - 2 

JD-UQN 

stark  
> 2 

JD-UQN 

Ausge-
baute KA 

Frachtverringerung 
am Gebietsauslass 

Frachtverringerung  
am Gebietsauslass 

 Flusskilometer 
Anzahl 
(EW) kg /a % 

IST-Zustand 88 33 11 - - - 

AusGK4b 91 30 11 1  
(57,492) 9.38 56.13 

AusQT24MNQ100 88 33 11 0  
(0) 0.00 0.00 

AusGrenzw200 102 30 0 4  
(5,952) 0.85 5.09 

SubsCBZ50 110 19 3 - 7.44 44.51 
ohne KH 92 34 6 - 1.00 5.96 
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Chemnitz catchment 
 Belastung    

 
gering  
< 0,5 

JD-UQN 

kritisch  
0,5 - 2 

JD-UQN 

stark  
> 2 

JD-UQN 

Ausge-
baute KA 

Frachtverringerung 
am Gebietsauslass 

Frachtverringerung  
am Gebietsauslass 

 Flusskilometer 
Anzahl 
(EW) kg /a % 

IST-Zustand 39 50 26 - - - 

AusGK4b 39 69 7 1  
(245,927) 40,95 72,73 

AusQT24MNQ100 41 67 7 2  
(250,395) 41,74 74,15 

AusGrenzw200 88 22 5 9  
(282,576) 47,83 84,95 

SubsCBZ50 68 41 6 - 26,13 46,41 
ohne KH 39 51 25 - 2,65 4,70 

 

In  a  ca tchm ent with  low d ilu tion  ra tio , WWTP im provem ent is m ost e fficien t, 
bu t not good  enough  
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Saxon Elbe catchment 

 Belastung    

 
gering  
< 0,5 

JD-UQN 

kritisch  
0,5 - 2 

JD-UQN 

stark  
> 2 

JD-UQN 

Ausge-
baute KA 

Frachtverringerung 
am Gebietsauslass 

Frachtverringerung  
am Gebietsauslass 

 Flusskilometer 
Anzahl 
(EW) kg /a % 

IST-Zustand 441 220 81 - - - 

AusGK4b 444 217 81 3  
(765 947) 123,15 35,11 

AusQT24MNQ100 462 226 54 3 
(23 271) 5,99 1,71 

AusGrenzw200 520 206 16 19  
(58 010) 15,21 4,34 

SubsCBZ50 548 144 50 - 93,55 26,67 
ohne KH 452 209 81 - 9,09 2,59 

 

Im provem ent of the  th ree  la rge  WWTP is reducing the  load  sign ifican tly, bu t 
does not im prove  the  critica l rive r reaches a t a ll!  
Substitu tion  m ost e ffective  when  conside ring both  crite ria  
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Challenges
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Balance (Literature)  contribution of hospitals 10 % – 20 % 

 conclusion: no separate treatment (?)

Significance of hospitals? 

Better: compound -specific analysis 

e.g. secondary antibiotics  concentrated collection via separate toilets? 

Other risky compounds? 
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Flux model 

Prescription 

Flow rate in river

Consumers 

Excretion rate 

Transport and transformation 
in Sewer

Elimination and transfor-
mation in WWTP

Concentration 
in River

D
ire

ct
 D

is
po

sa
l 

CS
O

 

Development and 
production of 

pharmaceuticals

Improvement of resilience 

Process engineering in wastewater 
treatment 

Pharmaceuticals design 

Medication 

Tr
ea

tm
en

t 
In

fo
rm

at
io

n,
 

ed
uc

at
io

n 



Seminar 
Pe te r Krebs – Pharm aceutica ls in  the wate r system
Unive rsité Laval, Québec / /  21-01-2020  

Slide  37

Versorgungsatlas 2012

Ambulant antibiotics prescription in GER for 15 to 69 years old people 
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