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Measuring pharmaceutical emissions
SOURCE €<STP—> ENVIRONMENT
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Measuring pharmaceuticals

23 pharmaceuticals and 13 TPs observed

Guanyl urea (50 %)
Metformine (21 %)
10-11 trans diol carbamazepine (4%)
Hydroxy ibuprofen (4%)
Sotalol (3%)
Metoprolol (2%)
Tramadol (2%)
Diatrizoic acid (2%)

. Furosemide (1%)
10.Carbamazepine (1%)
11.0ther (10%)
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Ter Laak et al., 2014 STOTEN, p12843-12855
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Modeling emissions of human pharmaceuticals
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Actual vs. predicted loads

Geleenbeek

1000+

)

=
[S)
?

measured load (g/d
o

0.1

gemfibrozil| -

propranolm;};
bez'aﬂl')rate

% ketoprpfé’n

m

furosernide
dicjofenac

enlafaxine

: Os
|mettwp§m
lindamycin
efytromycin A

t"
~* metfdrmin l,

prolol .7
sotalgt’

trafhadol .-

atenojdfocarbamazepine

ulfamethoxazole

0.1

“XXXXX
7

T
10 100

T
1000

predicted load (g/d)

Geul
1000
etformjr”
—~~ 100_
=) p
~ -
& et §sota
- metoprolozlg’
@© ) LR tramay
=) diclofenac &y -
- F %fur emide .-’
@ 10+ venlafaxing€d >
S e ., .
naproxen carbamazepine
3 P § y atenolof”
S ketoprofen  Tgesfifibrozil ‘
(S Q %
pranol,aﬂ/
1 \ glindamyein
‘bezafibrate
0.1 : , . .
0.1 1 10 100 1000

predicted load (g/d)

Legenda

KWR




BE vs. NL (regional differences)

20

-
-
S = i
@® i
o 15 i1
Par 1T :
cC ; :
S | i
® = l :
c I !
= — =
o g | 5 :
kbl :
0 | | |
R
)
¢ @
Q}\
<
Q

100
’
,/
’ 4
guanylurea
\‘ R4 ,,'
X 10- L
© .
’ - ’
° sotalol " A
~ . . . ’
r= 10,11-trans-diol-carbamazepine | .- o
N \ ’ 4
@© R VL --metformin
3 A P
S v 1
. N RAEN| P
CG 1 ‘\y,/ I. 4
c N \
c RN,
= metoprolol---@ SN E hydroxy ibuprofen
= furosemide--- L 2 ", __. tramadol
= atenolol._ - G- -carbamazepine
N—r ) X . PR ‘ - - o
~x 01 4-formylaminoantipyrine., = ----,«f:-':: ---------- diclofenac
(5] -+ 7| a-hydroxy metoprolol ,-* *~~, o= P o-dtlasfmethyltramadol
O A e X AB-----7-"""1""""" venlafaxine
. . \\ ,¢ -\
g tnmethoprmj\ W A naproxen
o 3 O A P paracetamol
Q b RS
Q e h <
O 0.01+ I T :
. K vl T Tt~ 3-hydroxy carbamde8pi
4 13 S ~ N
A % .. “~._2-hydroxy carbamaz e
’ ~ N A
4\ .~ clindamycin
" mexonidazdleg * erytromycin A
4 \ \\
\ ketoprofen
0.001 arbamazepine-10,11-epoxide
. I I I I

Jeker (mg/inhabitant/day)

KWR




From emission to source characterization

SOURCE €STP-> ENVIRONMENT

SOCIETY - SOURCE € STP-> ENVIRONMENT
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Wastewater Based Epidemiology (WBE)
(measuring consumption/prevalence)

Biomarkers Research Public health, Justice, ...
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Example 1 WBE

Performance enhancing substances
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"Success of rogue online pharmacies: Sewage study of sildenafil in the Netherlands." BMJ (Online) 349.
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lllicit use through internet sales(?)
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Example 2 WBE

Illicit drugs

gram/day
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temporal trends of a city:
understanding consumption volume, market size on
regional scale, use patterns



Example 2 WBE

Illicit drugs

Spatial and temporal trends;
understanding consumption
volume, market size

(SCORE for EMCDDA drug
report)
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FUTURE (!)

Sampling all 323 WWTP
Plethora of health related
parameters possible!
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modeling

SOURCE €STP-> ENVIRONMENT

Society - SOURCE € STP—> ENVIRONMENT

SOURCE €STP-> ENVIRONMENT
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Prognoses of future environmental concentrations

Projections of Rhine and Meuse

Prognoses of concentrations:

1. Flow-concentration relationships (Q-C)

2.
3.
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Flow scenario’s 2050 (KNMI, 2006)
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Prognoses of future environmental concentrations

Projections of Rhine and Meuse

Prognoses of concentrations:
1. Flow-concentration relationships (Q-C)
2. Flow scenario’s 2050 (KNMI, 2006)

3. Emissieprognoses
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Prognoses of future environmental concentrations

Projections of Rhine and Meuse

Prognoses of concentrations:

1. Flow-concentration relationships (Q-C)

2. Flow scenario’s 2050 (KNMI, 2006)

3. Emissieprognoses (trends, predictions, scenarios, expert judgement)
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Prognoses of exceeding
thresholds (SW&DW)

Percentage dagen met
normoverschrijding per jaar

1 | .

geen 0% >0-10% 10-25% 25-50% >50%
data

Klimaatscenario's
HK G W GCTBWTB

gemiddeld jaar

droog jaar

zeer droog jaar

Prognose ruwwater

Overschrijding ERM-streefwaarde voor opperviaktewater als
bron van drinkwater (Europees Rivierwatermemorandum,
2013): 1 ug/L voor AMPA, acesulfaam-K, EDTA en MTBE en 0,1
ug/L voor alle overige stoffen

Prognose reinwater
Overschrijding ERM-streefwaarde na verwijdering stof
afhankelijk van huidige locatiespecifieke zuiveringsrendement

Toelichting klimaatscenario's

HK Huidig Klimaat

G  Gscenario: gematigde klimaatverandering (KNMI, 2006)
W+ W+ scenario: snelle klimaatverandering (KNMI, 2006)

TB  Verwachte toekomstige stofbelasting
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Lobith Eijsden Keizersveer

—~_ diuron
Prognoses glyfosaat
Exceeding thresholds

(SW&DW)

carbamazepine
metoprolol
sotalol

sulfamethoxazool

amidotrizoinezuur

jomeprol

REEERESER

jopamidol

acesulfaam-K

EDTA

21 MTBE

Leiduin
(Waternet)

Heel
(WML)

Kralingen
(Evides)




~ ITWR
Recapture: covering the water cycle

Information source
Mitigation location

sociery source @@ ENVIRONMENT

Scenario studies Scenario studies
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Antibiotics, antimicrobial resistance (AMR)

Relevant: WHO -> global health threat
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~ ITWR
Antibiotics, antimicrobial resistance (AMR)

Relevant: WHO -> global health treat
AMR Risk: Hospitals, veterinary practice (short cycle)

Consumption of antimicrobials _ _
, , } Medical domain
Patient - patient transfer

24



~ ITWR
Antibiotics, antimicrobial resistance (AMR)

Relevant: WHO -> global health treat

Urban water cycle: Antibiotics, AMR, genes, bacteria, gene transfer, covers the full water cycle, STP as central
source of information (long cycle)

- Consumption of antimicrobials .
- Environmental monitoring antimicrobials

- Measuring effects of antimicrobials (bioassays) L environmental domain
- Measuring resistant microorganisms / genes

- Relating prevalence to risks

25



~ ITWR
Antibiotics, antimicrobial resistance (AMR)

Relevant: WHO -> global health treat
Urban water cycle: Antibiotics, AMR, genes, bacteria, gene transfer, covers the full water cycle, STP as central
source of information (long cycle)

effluent

resource

SOCIETY SOURCE € STP—> ENVIRONMENT  treatment

treatment

Multidiciplinary: Pharmacology, medical sciences, veterinary wastewater

sciences, environmental chemistry, microbiology, drinking water
epidemiology, hydrology, modelling, data science, ....etc
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~ XWR
Dialogue / Discussion

Wastewater is an under-used source of information, develop and use diagnostic tools

- Can you think of some examples from your own field?
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Dialogue / Discussion

Wastwater might help diagnostics, but mitigation measures reduce emissions, we should act!
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~ XWR
Dialogue / Discussion

Considering the topic AMR, diagnostics guide measures to optimize impact!
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~ ITWR
Dialogue

Development of diagnostic tools (for AMR) makes us loose precious time, better safe than sorry
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Dialogue / Discussion

Diagnostics to mitigation is not always an easy road. Regulation is often required as cathalyzer

What are the requirements for regulation?
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