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(&, Risk assessment

@ Ecologlcal risk
Human health risk
’k Antlmlcroblal resistance risk



(&}, Which pharmaceuticals?

Diverse classes

Diverse properties

Diverse data availability

Diverse effects

Diverse consumption

Substance

Therapeutic class

Carbamazepine

Antiepileptics

¢
Ciprofloxacin Antibacterials ® 8RR
Cyclophosphamide Antineoplastics § LR
Diclofenac NSAID ® 8
Doxycycline Antibacterials 08
Erythromycin Antibacterials § &R
17a-Ethinylestradiol Sex hormones § LR
Metformin Antidiabetics § LR
Metoprolol Beta blocker ® &8
Phenazone Analgesics 208
Sulfamethazine Antibacterials
Valsartan Angiotensin Il receptor blockers 208

(many more)

Antibacterials







@ Ecological risk

Do these pharmaceuticals pose a
concerning risk for aquatic organims?

What is the spatial distribution of the
rsks?
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Reports

Toxicological
data entries

~11 000

@ ECOlog|Ca| I’ISk (single substance)

Databases

Literature (> 450 new entries)

Usable
data
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Pharmaceutical

Safe limit
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Risk

(&, Individual risk

[T JUNIVERSITAT
@OSNABRUCK

Exposure - Dry-summer-scenario
A X redictions 100 =
_ﬁ/\-— ) (p )

= — H _ r"’
wetsus Fian vy =
E £ 751 3
é e :
o i
S — g [ : EE2
:q:_, | : DCF
@ 507 : e CBZ
% J ° ERY
E .‘ » - wer
T 254 é i) ® MEP
£ H g P cYC
O g g 8 CIP
] @ - iy
= METH 0@ oI Q- o H
L’MEF’- cow o I T T T T T T T T T T T 1
u) ] . . -8 -7 ;1 5 -4 -3 Ry -1 o 1 2 3
- E:; uongm . Safe limits - 107 107 10® 107 10f 107 0% 10" 10" 10! 0t 10° 10
§ % 5 oor oo o Risk Quotient
'1«0 (b&' & cpd o oo D

“MINe-
EE24 o o @™o o]

RadbOUd Universiteit 10%10710%10%10%10 *10210 " 10° 10" 102 10° 10
PNEC (ug/L)




88 ' Human health risk assessment



224 Human risk

Do these pharmaceuticals pose a
concerning risk for human health?

Which parameters influence the risks?
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Safe limits

Literature
safe limits
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Exposure model

I Exposurs

Pharmaceutical Human Environment

Skin Gastrointestinal Pathwa Age groups Surface water Drinking water
permeability absorption ¥ group: mncentratmns concentrations

I Anthropometry IArchetypes

Swimmin Water Fish
e intake consumption

Fish
concentration
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Risk =

202 Human risk

Exposure

Pharmaceutical Human Environment

|
[ |
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202 Human risk

Pharmaceutical

Skin
permeability

Gastrointestinal
absorption

Exposure

Human

Environment

Drinking water
concentrations

I
[ 1
l l Surface water
Rathiways AR concentrations
: I

Anthropometry Archetypes

[ | .
Swimmin CETEE
g intake

Fish
consumption

J

Fish
concentration

Risk =

Exposure
Safe limit
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Dermal
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Exposure

Risk =
lS Safe limit

202 Human risk

» -
- N7, Infant (0-1 yrs)
Exposure
Pharmaceutical Human Environment 5@ TOddIer (1-5yrs)
I
[ |
Skin Gastrointestinal l l Surface water Drinking water .
permeability absorption Rathiways AR concentrations concentrations @ Chlld (5-10yrs)

[ l |

Anth t Archet y

METOROMETY | | Arenenypes 4G Adolescent (10-18 yrs)

Fish
consumption

Fish
concentration

[ | .
Swimmin Water
8 intake

J

Adult (18-80yrs)

2®




Exposure

Risk = —
%@ Human risk e
&: Average
Pharmaceutical Human Environment & FISherman
[ : |
Skin Gastrointestinal Pathwavs Age BToUDS Surface water Drinking water
permeability absorption ¥ g€ group concentrations concentrations o s S )
wimmer
Anthropometry Archetypes
[ | : | o @
m m Drinker
Swimming Water Al . &
intake consumption
|
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222 Human risk

Pharmaceutical

Gastrointestinal
absorption

Skin
permeability

Exposure
Human Environment
Pathwavs [—— Surface water Drinking water
y ge group concentrations concentrations
Anthropometry Archetypes
. . Water Fish
Swimming . .
intake consumption

Fish
concentration

Childhood

Exposure
Safe limit

Risk =

Adulthood

+

Environmental conditions

Scenario Surface water Drinking water
concentration concentration
1 Viean | Negligible |
2 Mean Mean
3 Maximum Mean
43 Maximum Maximum
©
o
o . .
F=] | 4b Maximum Maximum
3
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224 Human risk

-

Data input

15 pharmaceuticals
X

2 exposure pathways
X

2 human activities
X
5 age groups

X

5 exposure scenarios
X

5 human archetypes

~

Uptake output

7 500 values

Lifetime (merge ages)

\4

/

Risk output

375 values

No time to show all! So...

Risk =

Total exposure (merge routes)

Exposure
Safe limit




Exposure

Risk =
o Safe limit

&} Risk quotients

Main takeaway
No expected overall risk
Keep an eye on doxycycline

Risk (log)

Highest
Doxycycline (antibiotic)
(risk up to 2,5x higher than safe limit)

Substance
- B U

o

Lowest
Phenazone (analgesic)

Most at risk
Fisherman and Extreme

Environmental conditions
Scenario | Surface water | Drinking water
concentration | concentration

“Game-changer”
Drinking water (Scn3 vs Scn4)

1 Mean Negligible
Mean Mean

3 Maximum Mean

4a Maximum Maximum

Average Fisherman Swimmer Drinker Extreme
Human Archetype

EEEEEEEEEEEEEEEEEEEEEEEEEEN
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| 4b [ Maximum Maximum




Exposure

. Risk = Safe limit
(&} Pharmaceutical uptake
Scenario 4a
Max surface water & Max drinking water
Main takeaway
Pharm/Arch-dependent
Keep an eye on diclofenac
Highest 5 — — || pr——

Diclofenac via fish ¢
consumption LS

|
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—hEmo

B

Route

Oral swim and dermal i
swim BUT oral drink B

g
o
:
Age o0
10
The older, the lower &
. 0

uptake (except swimmer) | R | S
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0
:
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Average Fisherman Swimmer Drinker Extreme Average Fisherman Swimmer Drinker  Extreme Average Fisherman Swimmer Drinker  Extreme Average Fisherman Swimmer Drinker  Extreme
Human Archetype






Antimicrobial resistance

Does antibiotic selective pressure
correlate with ARG abundance?

Does the type of environmental sample
Influence ARG abundance?



Antimicrobial resistance

Surfacewater
Sediments
Wastewater:

Resistance
genes

Antibiotics
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(&}, Antimicrobial resistance

SUrfacelwater:

Sediments
ATAc ~ ; Wastewater
Vastewater:

O

NN KRESIStance
ANUPIOUICS

BENEes

Antibiotic-resistance gene abundance

f
i
i
| Class
\

Antibiotic selective pressure






