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Development of a mass balance model and
guidelines for reducing emissions of micro
pollutants with regard to water quality

The "MikroModell” project: substances screening
and modelling in Dresden, Chemnitz and Plauen
(Germany)
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Challenges 42 ikroModell

= up to 70.000 new chemical substances each day

= 100.000 (OECD) / 30.000-70.000 (daily use) //

5.000 environmental relevant or rather harmful!
= how to handle?

= precautionary measures / polluters pay principle

vs technological measures (4. sewage treatment)
= ecological-economic / legal aspects
= role of the consumers / public?

= political debate
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Technische Universitat Dresden
Institute of Urban Water Management
Institute of Hydrobiology

Institute of Water Chemistry

Institute of Clinical Pharmacology and Therapies /
Research Network Public Health

Chair of Economics (betriebliche Umwelt6konomie)

Technische Universitat Bergakademie Freiberg
Professorship of Public Law (Offentliches Recht)

Zweckverband Wasser und Abwasser Vogtland, Plauen
Eins energie Sachsen, Chemnitz
Stadtentwasserung Dresden GmbH
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Carbamazepin [ug/L]
--- Jahr 2008 --
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Comparison of scale
Free State of Saxony — 5 %o
of the area of Finland/Germany

(in total)
A Hintergrundkarte Freistaat Sachsen [ArcGIS, 2013]



Project structure / objectives

Produkt 1:

Stoffflussmodell
fiir Gewasser

Produkt 2:

Leitfaden fiir
Emissions-
minderungs-
malnahmen

Produkt 3:

Rechtliche
Randbedingungen
und Handlungs-
spielrdume

AP 1-A: Erstellungdes
Stoffflussmodells

AP 1-B: Emissionsminderung
von Arzneimitteleintragen an

der Quelle

AP 2-A: Auswertung
vorhandener Daten

AP 2-B: Monitoring
Klaranlage

AP 2-C: Beschreibungder
Eintregspfade im Kanalnetz

AP 2-D: Laborversuche
4. Reinigungsstufe

AP 2-E: Monetare
Bewertung der
Redukticnsmalnahmen

MS 1-1: Datenauswertung zum
Arzneimitieleinsatz (ISW)

| M5 1-2: Erstellung und Kalibrierung
des Stoffflussmodel s (1ISW)

MS 1-3: Erstellungwon
: Entwicklung=szenarien zur
Anwendung des Modells [ISW)

M5 2-1: Datenauswertung zum
el Eintragvon prioritdren und prioritar
gefahrlichen Stoffen (ISW])

MS 2-2: Planungdes
Klgranlagenmonitorings und
Charakterisierung der Anlagen [(ISW)

MS 2-3: Analyse und Auswertung der
chemischen und biologischen
Analysen [WC)

MS 2-4: [dentifikation von
Punktquellen prioritédrer Stoffe (ISW)

MS 2-5: Laborversuche zur 4. RS
zowie chemische und biologische
Analytik (IHB)

MS 2-6: Literaturrecherche zu den
Pl Kosten einer 4_Reinigungsstufe [PBU)

ikroModell

Stoffe im Fluss

> four products

(1) development of a
mass balance model

(2) guidelines for
reducing emissions
of micro pollutants
- monitoring

(3)

regulatory framework
(law)

(4) public relations
with various corresponding

work packages and
Mmilestones resp.
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> four products
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mass balance model
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- monitoring
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(law)
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work packages and
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selection of substances
for monitoring as well as modelling

monitoring (preliminary results)
= modelling aspects (preliminary results)

= jnstitutional settings
for additional monitoring/screening actions

> focusing mainly on methodological aspects
due to missing/not yet confirmed results



Method/s of substances selection Ll
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substances definition of a list
Selection of potential relevant substances

. . . description of the substances along
quallty criteria environmental quality standards (UQN)

: assessment of water quality data and
data evaluation random sampling monitoring at WWTP

exclusion of unproblematic (UQN) and
non-investigated substances

relevance test

comparison of the substances with

feas|b|||ty StUdy available chemical methods and
achievable concentration ranges

list of

substances



Selection of priority substances ikro Modell
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list of priority and other hazardous
substances of WFD
RL 2013/39/EU monitoring programme o
71 substances'’ 87 substan

selection of
pharmaceuticals
along/with Clinical
Pharmacology
15 substances

SR
S

- :i‘ = M/%M
advice of LIULG =
i = - 1T o
for 2 potentially = without dioxin
relevant

without dioxin and PCB
substances

‘ > 159 substances for alignment with river quality data of Chemnitz, Elbe & WeiRer Elster!



53 substances to investigate

8 PAC

Fluoranthen
Benzo(a)pyren
Benzo(b)fluoranthen
Benzo(ghi)perylen
Benzo(k)fluoranthen
Benzo(a)athracen
Pyren
Indeno(1.2.3-cd)pyren

5 industry and household

chemicals
Perfluoroctansulfonat (PFOS)
Perfluoroctanoat (PFOA)
Benzotriazol (Korrosionsinhibitor)
Tolyltriazol (Korrosionsinhibitor)
4-Nonylphenol

3 heavy metalls
Cadmium

Nickel

Quecksilber

15 pharmaceuticals
Ibuprofen
Diclofenac
Paracetamol
Naproxen
Metoprolol
Sulfamethoxazol
Eurytromycin
Clarithromycin
Ciprofloxacin
Bezafibrat
Gabapentin
Carbamazepin
Metformin
Iomeprol
Fluoxetin

1 food additives
Acesulfam (SuBstoff)

ikro Modell

Stoffe im Fluss

19 pesticides and biocides
Diuron (Herbizid)

Isoproturon (Herbizid)

Terbutryn (Biozid)
Metazachlorsaure (Herbizid)
Metazachlorsulfonsaure (Herbizid)
Metolachlorsulfonsaure (Herbizid)
Dimethachlorsaure (Herbizid)
Dimethachlorsulfonsaure (Herbizid)
2-Hydroxy-Terbuthylazin (Herbizid)
Imidacloprid (Insektizid)
Dimethoat (Insektizid)
Nicosulfuron (Herbizid)

p,p-DDT (Insektizid)

pp-DDE (Insektizid)

p,p-DDD (Insektizid)

o,p-DDD (Insektizid)

Dicofol (Akarizid)

Hexachlorbenzen (Fungizid)
Irgarol (Biozid/Fungizid)

2 hormones
17B-Estradiol
17a-Ethinylestradiol



Monitoring at Wastewater Treatment p. Lol
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* KA Plauen + KA Chemnitz-Heinersdorf KA Dresden-Kaditz
110.000 EW (csp) 280.000 EW (cs) 770.000 EW (css)

- Chemnitz, MNQ = 0,67 m3/s

WeilRe Elster, MNQ = 1,8 m3/s

x chemical monitoring x chemical/ecotoxicological monitoring Elbe, MNQ = 106 m3/s
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Monitoring (preliminary results)
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example/s: temporal resolution
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(1H-Benzotriazol, Chemnitz) Stoffe im Fluss

8000,00

Sunday Sunday

o

7000,00

6000,00
=]
—
Bb 5000,00
c
£
c
.8
Z 4000,00 H C1 - Zulauf
-
‘5 C2 - Ablauf
]
S 300000 EC3-oh. KA
2

C4 - uh. KA
2000,00 -
- I I |
0,00 |
\,fo ,\"i} @ ,\5;

o
A
,-LU

o o ] ‘o o ‘o o ] o ] o
'\_, '\ '\v '\- '\r '\.r r '\_, o o o '\r o

@@@@@@@@@@’&@&@@@@@@&@

bl

Probenahmetag



example/s: site specific differences ikro Modell

(PFOS, Plauen)

50,00
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example/s: site specific differences ikro Modell

(PFOS, Dresden)
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example/s: effects of metabolites ikroModell

(Carbamazepin, Plauen) Stoffe im Fluss
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Trends of Antiepileptic for Germany ’ é 2“‘""‘"0“8"
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Methodological approach

Modell concept

Data
assimilation

Parameter
testing

Modell
calibration

Modell
implementation

Reduction
scenarios

Reference data
water bodies

’é i ikro Modell
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spatial-temporal differentiation
for the prescription of pharma-
ceuticals in Saxony

= reliable mass balancing
= acute impacts
data driven model development

= jdentification of relevant
(impact) parameters, e.qg.

= gjze of area, river water
quality, excretion rate

slight parametrisation of the
mass balance model

= |ess assumptions and vari-
ables, but significant infor-
mation potential

= gaining data and information
by identifying patterns



Methodological approach ’éi ikroModell
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Input data for modelling input data for mass balances

= inhabitants (Micro census) = data of subs. concentration:
" hospitals (carrying capacity) = 1003 monitoring spots

= prescription (DDD) = two weekly to quarterly

of pharmaceuticals
" number of insured people .
= WWTP + connection rate
" river network

=~ link through postal code or
municipality

= for rivers annually
data of discharge:
= 216 monitoring spots
= daily basis
g

- Pegel
@ Basismessnetz
@ Kontroll- und Steusrmessnetz
@ Bundeswasszerstralenpegel
1 Sondermessnetz

| ~ Oberflichenwasserbeschaffenheit
=~ Oberflaechenwasserbeschaffenheit

@ sonstige Messstellen

@ eingestellte Messstellen 4
® WRRL-Meszstellen Chemie/Biclegie $Ourcef Free State Of Saxony, LfU LG
A N




Mass balances (of Carbamacepin) 'é 72 ikroModell
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= Interpolation of discharges for water quality monitoring spots
= automatic optimisation of interpolation procedere

= mass balances from measured concentrations and measured /
interpolated discharges

= very good fit

Prediction Variable = Q : Plotting Both

L]
e
S _ Standard Errors
© . 0415
st © 0.163
o 0.134
. : o 0117
example: river basin of - > 0102
. o 0.0963
Chemnitz, 17.02.2014 2
2 =
T g _ Predictions
s 2 + 026 to 0.08
s W *+ (.08 to 0.42
. + 042t0 077
+ 0.77to 1.12
- * 112t0 146
+ 1.46to 181
* 181t02.16
2 ¢ 216t0 25
2 _ * 25t02.85
5 * 2851032
L

I I | I I
330000 340000 350000 360000 370000

¥-coordinate



Mass balances

ikro Modell
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Carbamacepin, river basin of Chemnitz - 17.02.2014

y-coordinate

5630000 5650000

5610000

predicted load [pg/d]
with normalized standard errors

I I I I I I
320000 330000 340000 350000 360000 370000

¥x-coordinate

Standard Errors

= 0.887
0.303
0.245
0.149
0.0664
0.00958

[ o T R

Predictions

-12 to 203.3
203.3to 418.6
418.6 to 633.9
633.9to 849.2
849.2 to 1064 5
1064 5 to 1279.8
1279.8 to 14951
14951 to 1710 4
17104 to 1925.7
19257 to 2141

* & & b R



Mass balances
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Carbamacepin, river basin of Chemnitz - 23.06.2014

y-coordinate

5630000 5650000

5610000

predicted load [pg/d]
with normalized standard errors

I I I I I I
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Standard Errors

» 0.899
0.725
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0.205
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0.000914

[ I T B T -

Predictions

-11to 80.3
80.3t0 171.6
171.6 to 26289
26289 to 354 2
354 2 to 445 5
4455 to 536.79
536.79 to 628.1
628.1to 719.4
719.4 to 810.7
810.7 to 902

* & & b R



Mass balances

Carbamacepin, river basin of Chemnitz - 27.10.2014

y-coordinate

5630000 5650000

5610000

predicted load [ug/d]
with normalized standard errors
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Standard Errors
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LS = R ]

Predictions

0to 82.9

82.9 to 165.8
165.8 to 248.7
248.7to 3316
3316104145
414 510 497 4
497 4 to 580.29
580.29 to 663.2
663.2 to 746.1
746.1 to 629

* & & b R
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Institutional settings ikroModell
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Ehemalige Stiftungsprofessuren, die von der TU Dresden weitergefiihrt werden

PUbIIC prlvate partnerShlp Professuren Zeitrdume  Stifter

-
I SC I e n Ce >Professur fur Hydroverfzhrenstechnik
2014 - 2015

[ehemals Stiftungsprofessur fur Gelsenwasser AG
[ ) 2006 - 2010
Industriewasserwirtschaft]

Dresden. GeLsenwasser I

GAS. STROM. NATURLICH WASSE

51% 49%

v

Stadtentwadsserun

TECHNISCHE
UNIVERSITAT
DRESDEN
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Many thanks for your attention ... Stoffe im Fluss

and of course to DBU, the Free State of Saxony
and GELSENWASSER for the generous funding!

h STAATSMINISTERIUM

ON50
cuts
undesstiftung Urmwelt

BU ()

FUR UMWELT UND
LANDWIRTSCHAFT

Freistaat
5 SACHSEN GELSENWASSER

GAS. STROM. NATURLICH WASSER.




