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TU Dresden:
Numbers and facts

= 32389 Students (Winter 2017/18)
-4800 international Students from 125 Nations
- 7530 Beginners (1st semester)

= 122 Studycourses

= Numerous cooperation programmes with Universities
world wide

= 8200 employees (2017)
of which 3680 third party funded

= 528 Mio Euro totalbudget 2017
of which 258 Mio Euro third party funding
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Center for Advanced Water Research —CAWR

CAWR

Core areas a joint initiative of the

water sectors of

TU Dresden and UFZ
(Helmholtz Center for
Environment Research)

App. 300 scientists active

Competence

fields

in water research
Education

Transfer
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Pharmaceuticals in the water system

Peter Krebs

Seminar at Université Laval, Québec 23 January 2020



The pathway of pharmaceuticals from
production to the river




Flux model

Compounds flux of
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Prescription as a proxy for consumption of antibiotics

Prescription data of AOK PLUS - 41% of insured people in Dresden
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Flux model ©
N m Sulfamethoxazol
l § c B Roxithromycin
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Human metabolism

« Antibiotic specific
« Depending on application (intravenous, oral, ..)

 Onlypartialuptake through body passage
Flux model (gallbladder, liver, ..)

« Excretion through urine or faeces

Direct disposal

o Specific excretion rate

» Excretion = f(effect, excretion pathway, test person,
analytics etc.)

CsO

Concentration
in river
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- Metabolites??

Prescription

I

Development and
production of
pharmaceuticals

. Concentration
Flow rate in rivers o <
in river

EXxcretion rates of some pharmaceuticals

Excretion without metabolism

ﬂ Consumers —

Flux model

-

( Excretion rate )
1
v \ 2

Transport and transformation
in Sewer

Y

Elimination and transformation
in WWTP

Direct disposal

Cso

Antibiotics

Erythromycin 2,5-4% inurine 12 -25%in faeces
Ciprofloxacin 40 -50%in urine

Sulfamethoxazol 2 —-15%in urine

Antidiabetics

Metformin 80-90%in urine and in faeces

Lipid reducers

Bezafibrat 50% in urine

Antiepileptics

Carbamazepin 2% in urine app.25%in faeces
Gabapentin 55 -60% in urine

Fauler (2017), MikroModell Colloguium
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- Metabolites??

Prescription

I

Development and
production of
pharmaceuticals

Flow rate in rivers

Flux model

Concentration
in river

Direct disposal

CSsO

Excretion rates for antibiotics

Antibiotic

Am oxicillin
Azithromycin
Cefotaxim
Cefuroxim
Ciprofloxacin
Clarithromycin
Clindamyecin
Doxycyclin
Levofloxacin
Penicillin V
Piperacillin
Roxithromycin
Sulfamethoxazol
Trimethoprim

Excretion rate

60 - 85%
67,4 %

40 -60%
42,8 - 57,0%
40,0 - 69,7 %
60,0 - 78,1%
10 -35%
22 -70%
749 -859%
29 -—-43%
60 -95%
47,8 —-60,0%
15 -25%
40 -60%

(Aktories et al. 2009, Martindale 1993)
(Sandoz 2009)

(Fresenius 2012a)

(ODDB 2014)

(Kimmerer etal. 2000, Pharma 2012a)
(Abbott 2006, Hirsch et al 1999)
(Pharma 2012b, Still et al 2006)
(Hirsch et al 1999, Pharma 2008)
(Wagenlehner et al 2006)

(Pharma 2012c)

(Aktories et al 2009, Fresenius 2012b)
(Hirsch et al 1999, Sanofi-Aventis 2009)
(Hirsch etal 1999, Martindale 1993)
(HSDB 2014, Martindale 1993)
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Sewage born compounds in combined sewer

Organics, nutrients
Pharmaceuticals, antibiotics

resistance
Rain Sewage
100%
Flux model
% 1'80
5 (1-n)-(1-¢y)
2
- ¢, = Annualoverflow rate for sewage
1, = Efficiency of WWTP re.compound /
Concentration
in river g, = Annualoverflow rate for stormwater
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Sewage born compounds in separate sewers

Pharmaceuticals

}

Rain Sewage

Flux model
e Sewage sewer
o
3 Urban Surface
= Stormwater sewer
2
O

Concentration

in river
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- BUT: Transformation

products?

Prescription = e

{

Development and
production of
pharmaceuticals

Flow rate in rivers

Flux model

Consumers —

|

Excretion rate

¥ r

Transport and transformation
. —
in Sewer

Elimination and
transformation in WWTP

Concentration

in river

Direct disposal

CSO
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Efficiency n of WWTP for
elimination of pharmaceuticals
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—= Conventional + ozone
B Conventional + AC
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Analgesics Lipid Anti- Xray Antibiotics Beta-blocker Hormones
reducers epileptics contrast
agents

Literature -review of 11 studies and
pilot experiments
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Fate of compounds depending on simple
descriptors

- Degradable Non-degradable

Dissolved ¢ Degradation partly in sewer ¢ Remain dissolved

e Hardly present in WWTP * Highest concentrations in WWTP
effluent effluent

Flux model

Prescription  ==fp- e CS ] e Ev.in CSO e With ¢, and g, , respectively,
T l directly to river

Development and Excretion rate
production of
pharmaceuticals

e Transformation products?

irect disposal

Bound to In sewer sediments * |n sewer sediments
ransport and transformation ___

i articles
1 Sewer : Partially degraded, partly in ¢ With particles in overflows:

sludge - with > @, and > g,

}

Elimination and 8 . e
transformation in WWTP O . . . TESPECtIVE|y, to receiving water
e Partially degradation in
_— P ——— / sludge treatment e WWTP: in sludge — not in effluent
Flow rate in rivers < . <=
in river
™
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Antl bIOtICS Ambulant prescriptions Hospital prescriptions
concentration Amoxicillin (82 kg/a, 23 %) Piperacillin (2012:161 kg)
. Penicillin V (70 kg/a, 19 %) Cefuroxim (2012:105 kg)
N WaStewater Clindamycin (58 kg/a, 16 %) Cefotaxim (2012:37 kg)

Hospital wastewater

. WWTP effluent
Cefuroxim 71 pg/I
Piperacillin 58 pg/I Cefuroxim Median 0,60 ug/I
42 ug Clindamycin-SO Median 0,42 pg/I

Median 0,37 pg/I

Hospital
Sludge

Ciprofloxacin 397 pg/kg

308 ug/kg
oxithromygin 272 pg/kg

Sewer
Domestic area

3,4 pg/|
Amoxicillin 3,2 pg/I
Penicillin V 1,5 pg/I

WWTP inflow
Sewer sediment

Cefuroxim Median 1,59 pg/I
Ciprofloxacin 380 pg/kg Median 0,43 pg/I Monitoring WWTP
Azithromycin 150 pg/kg Clindamycin-SO 0,42 pg/! (15 Mon.)

Doxycyclin 120 ug/kg

Sediments in grid chamber
Ciprofloxacin 803 pg/kg

348 pg/kg
Doxycyclin 151 pg/kg from Schubert er al (2015)
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Dynamics, overflows




Sewage-born compounds in combined system

Organics, nutrients
pharmaceuticals, antibiotics
resistances

|

Rain Sewage

« ¢, = Annualoverflow rate for sewage Intermittent
1, = Efficiency of WWTP re.compound /
g, = Annualoverflow rate for stormwater

continuous

TECHNISCHE Seminar _
UNIVERSITAT Peter Krebs — Pharmaceuticals in the water system Slide 18
DRESDEN Université Laval, Québec// 21-01-2020



NH ,* - Measurements in Lockwitzbach

NH4-N Load in g/s
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Why Ammonium??

- 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!!
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Load peaks of pharmaceuticals

Azithromycin
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- What is the significance of dynamic peak impacts?
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Compounds flux modelling




Flux model
Flux model -
L} L} “
»high resolution —
L} m
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Significance of bypass fluxes

Assumption for a pharmaceutical compound

95% consumption, 5% disposal to toilet

2% excretion rate

Transport in sewer is conservative

Annual overflow rate of combined water 5%

Efficiency of WWTP incl. Tertiary treatment 97% - 3% in effluent

-> At low excretion rate and high efficiency of WWTP:
- direct Disposal to the toilet and
-CSO
become significant or even dominant!

Flux model

0,02-0,95

Sew - 0,95

Sew - 0,03 -0,95

Concentration
in River

Sew - 0,05

Direct disposal

CSO
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Dynamic cumulative risk index for the river Elbe in Dresden

Marx et al. (2015) 2006 2010
2005 2007 2009 2011

e Background concentration upstream is considered
n

_ o Environmental conc. PEC; .

o  Cumulative risk RI = E . = E RQ;
predicted now effect conc. PNEC; —

=

.. . 1=1.
e Summer often critical due to low flow rate in the river

TECHNISCHE Seminar _
UNIVERSITAT Peter Krebs — Pharmaceuticals in the water system Slide 26
DRESDEN Université Laval, Québec// 21-01-2020



Saxony -wide pharmaceuticals flux model —input data

Input Input data for river balance

= inhabitants (Micro-census) = Concentration data:

" hospital beds = 1003 measurement points

= prescriptions pharmaceuticals = Bi-weakly to quarter-annually
" insurance data " Flow rate data:

" WWTPs + connected PE = 216 measurement points

" river network = Daily

- linkage through ZIP code or
municipalities

* Pegel

. Basizmesznetz
. Kontroll- und Steuermessnetz
@ Bundeswasserstralenpegel

1 Sondermessnetz

| - oberflichenwasserbeschaffenheit
* Oberflaschemwvasserbeschaffenheit

#® sonstige Messstellen
©  eingestellte Messstellen

#® 'WERL-Messstellen Chemie/Biclogie
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Spatial resolution of weekly
prescription information

[ Landesgrenze Sachsen
Bl PLZ Bezirke vollstandig

0 25 90 km
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KA Dresden-Kaditz

3 testsites In 770.000 EW (CSB)

KA Chemnitz-Heinersdorf

MikroModell 280.000 EW (CSB)

FG: Elbe, MNG = 106 m&/s M

FG: Chemnitz, MNQ =0,67 m3/s
KAPlauen
110.000 EW (CSB)

\

Quelle:

FG: WeiRe Elster, MNQ = 1,8 m?/s www.umwelt.sachsen.de
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Investigated measures in three catchments

Present condition
AusGK4b WWTP > 50 000 PEare improved

AusQT24MNQ100 Improvement of all WWTPs contributing more than 50% to the river flow
downstream at mean low flow

AusGrenzw200 Improvement of all WWTPs inducing concentration >2 * EQS at mean low
flow

SubsCBZ50 Prescription of carbamazepine is reduced by 50% (substitution with
gabapentin?)

Without hospitals Hospital-WW is treated separately

S

Accumulated With low, critical and high impact

river -km (<0.5,05-2,>2 EQSat mean low flow)

Load reduction at catchment outlet in kg/a and in %
TECHNISCHE Seminar
UNIVERSITAT Peter Krebs - Pharmaceuticals in the water system Slide 30
DRESDEN Université Laval, Québec// 21-01-2020



Weilde -Elster catchment

Belastung

gering kritisch  stark

<0,5 0,5-2 >2

JD-UQN JD-UQN JD-UQN

Ausge-

Frachtverringerung Frachtverringerung
baute KA am Gebietsauslass am Gebietsauslass

Anzahl
Flusskilometer (EW) kg /a %
IST-Zustand 88 33 11 - - -
1
AusGK4b 91 30 11 (57,492) 9.38 56.13
AusQT24MNQ100 88 33 11 (8) 0.00 0.00
4
AusGrenzw200 102 30 0 (5,952) 0.85 5.09
SubsCBZ50 110 19 3 - 7.44 44.51
ohne KH 92 34 6 - 1.00 5.96

Diverse results fur different criteria

Substitution most effective regarding river-km

Improvement of WWTP Plauen reduces the total load most significantly
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Chemnitz catchment

Belastung
gering kritisch  stark
<05 0,5-2 >2
JD-UQN JD-UQN JD-UQN

Ausge- Frachtverringerung Frachtverringerung
baute KA am Gebietsauslass am Gebietsauslass

Anzahl
Flusskilometer (EW) kg /a %
IST-Zustand 39 50 26 - - -
1
A K4 7 4 72,7
usGK4b 39 69 (245,927) 0,95 ,73
2
2 1 1 1 1
AusQT24MNQ100 4 67 7 (250,395) 41,74 74,15
9
2 22
AusGrenzw200 88 5 (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 catchment with low dilution ratio, WWTP improvement is most efficient,
but not good enough
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Saxon Elbe catchment

Belastung
gering kritisch  stark
<05 0,5-2 >2
JD-UQN JD-UQN JD-UQN

Ausge- Frachtverringerung Frachtverringerung
baute KA am Gebietsauslass am Gebietsauslass

Anzahl
Flusskilometer (EW) kg /a %
IST-Zustand 441 220 81 - - -
3
A K4 444 217 1 123,1 11
usGK4ab 8 (765 947) 3,15 35,
3
AusQT24MNQ100 462 226 54 (23 271) 5,99 1,71
19
AusGrenzw200 520 206 16 (58 010) 15,21 4,34
SubsCBZ50 548 144 50 - 93,55 26,67
ohne KH 452 209 81 - 9,09 2,59

Improvement of the three large WWTP is reducing the load significantly, but
does not improve the critical river reaches at all!

Substitution most effective when considering both criteria
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Challenges




Significance of hospitals?

Balance (Literature) -> contribution of hospitals 10 % —-20%

-> conclusion: no separate treatment (?)

Better: compound -specific analysis
e.g. secondary antibiotics = concentrated collection via separate toilets?

Other risky compounds?
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Medication

Pharmaceuticals design

Process engineering in wastewater

treatment

Improvement of resilience

Flux model

Direct Disposal

Concentration
in River

Information,
education

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

Versorgungsatlas 2012
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