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SAMPLING PERIODS
Spring, Summer,
Autumn , Winter 2022

Sediment

Surface water -

WP1:PHARMACEUTICALS IN EUROPEAN COASTS

Tyrrhenian Sea

Adriatic Sea

Summer 2022 3 Psychiatric drugs nmol/g 3 Psychiatric drugs nmol/g
edimeni
" -:V‘ -
Wastewater T,
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Caging of Mytilus edulis
Gadus morhua
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MEDITERGALS Winter 2022
SAMPLING PERIODS Summer 2022
SPAIN v Autumn 2022 _ Solea solea
7 . ) Collection of Sediment )
=9 Spring 2022 Surface water 0
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o .| Collection of  Sediments -
: # S9 S10 S11 S12 S13  S14 S1 S2 S3 S4 S5 S6 S7 S8
N - —_ Merluccius meriuccius 10 Valsartan ng/g 10 Valsartan ng/g
> “"%‘ :
;/ / M. galloprovincialis 6 6
. Mullus barbatus N Squilla mantis 4 4
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ANALYTICAL METHODOLOGY BASED ON ON- LINE pSPE HPLC-MS-MS
- 100 pl of water sample injected ~
- SPEon-line: HL?‘ cartridge -~ Extraction: Methanol + AA
- Chromatographic column: C;g ] PR -
| . . i - Purification: phospholipids removal
- Mobile phases: ACN (0,1% acetic acid) Liguid Chromatogranhy Mass @
Water (0,1% AA, ImM ammonium acetate) N graphy ~ )~ DETECTION FREQUENCY(%)
‘ Spectrometry analyses (LC-MS) L A A
. ' f'&" Carbamazepin
56 PHARMACEUTICALS BELONGING TO 7 THERAPEUTIC CLASSES: ‘ @ Ol Valsartan(Z

Analgesics: Acetaminophen, 4-
formilantipyrine, 4-
Acetamidoantipyrine,
Antypiryne, Propyphenazone,
Xylazine, NSAIDs: Diclofenac,
Ibuprofen, Ketoprofen,
Naproxen, Nimesulide,

ALIMENTARY TRACT
Omeprazole, Pantoprazole

SYSTEMIC HORMONAL

L-tyroxine

SSRiIs: Citalopram, Fl
Paroxetine, Sertraline NSRIs:
Duloxetine, Venlafaxine,
Desmethylvenlafaxine
Antiepileptics: Carbamazepine,
10,11,diH- 10, 11diOH
carbamazepine, Primidone

Calcit Amlodipine, Diltiazem,

B- blockers: Atenolol, Bisoprolol, Carazolol,
Metoprolol, Propanolol, Sotalol ACE-
inhibitors: Ramipril, Verapamil Sartans:
Valsartan Diuretics: Furosemide,
Hydrochlorothiazide

Antidiabetics: Metformine

ANTIBIOTICS LIPID REGULATORS

Azythromycine, Clarithromycin,

Erythromycin, Erythromycin anhydrate,

Na-acetyl sulfamethoxazole,
Roxithromycin, Sulfadimethoxine,
Sulfamerazine, Sulfamethoxazole,
Trimethroprim, Tylosin

Fibrates: Bezafibrate, Clofibric
acid, Fenofibrate, Gemfibrozil,
Statins: Atorvastatin,
Rosuvastatin,

MUSCULOSKELETAL m CARDIOVASCULAR

Analgesics: Acetaminophen SSRIs: Fluexetine, Paroxetine,

Sertraline
NSRIs: Venlafaxine,
Desmethylvenlafaxine

NSAIDs: Diclofenac, Ibuprofen,
Ketoprofen, Naproxen,
Nimesulide

Antiepileptics: Carbamazepine,

ANTIBIOTICS 10,11,expoxyde carbamazepine

X ) Anxiolitics: Lorazepam,
Ciprofloxacine, Sulfamethoxazole | ormetazepam

Lormetazepam
Diclofenac(5]

. L,
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M
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— . |buprofen(7]

B- blockers: Atenolol, Propanolol

ACE-inhibitors: Ramipril, Verapamil Nimesulid
Sartans: Valsartan N
9,4 ® .
7 rd o
® Ketoprofen(@) 00 gl O\V)L
Fibrates: Gemfibrozil " 7 i o
Statins: Atorvastatin O ) Acetaminophen(9) 0,0 . !
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b WP2: EFFECTS OF PHARMACEUTICALS ONRGEGET
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PSYCHIATRIC DRUGS
CARDIOVASCULAR DRUGS
LIPID LOWERING AGENTS
NSADs

IN VIVOEcotoxicological bioassays ' = '
! [— [ ] - —
Kvitsay Boknafjord Ivar 3.057pg/g 30.57pg/g
1 l Wastewater Spike Spike

ke i i e b
Embryotoxicity assay

IN VITRCEXPERIMENTS: Fish cell lines

Aliivibrio fischeri ‘ =]
/-—i g

Phaeodactylumtricornutum,
Algal growth inhibition

LN

—_

Coiling behavior Liver toxicity

Assessment of hepatic
lipid accumulation

Earliest detectable

Q—éf motor behavior
)
= =

Paracentrotuslividus,

Acute Toxicity

» Prolonged recording
from 21 - 47 hpf

» Analysis of highly variable
behavior data with
Generalized Additive Model

» 120 hpf, treated for 48h
» Staining with LipidGreen 2

(%) Lipid lowering agents:

Gemfibrozil (GEM) @ngi:'uu;:ns:m e Single APl or lfntestiﬂa\bepi(he\ia‘\ c,us{/\
- + + + + i from rainbow trou e .
®:‘.‘L",i-“’(‘“" Antinf :’“l"'“‘" i mkaure wonao | ® Wound healing
Diclofenac (DIC), Ibuprafen (IBU L \

Inhibition of bioluminescence = /..7\
e == Single compounds (. Mixtures ¥ -
: » Confocal laser scanning - . () Psychiatric drugs: - Mixture 1: ‘ Gill cells from = \
I s 2 @ e — —_— Paraxetine (PAR), Fiuexetine (FLL), Q R rainbow trout K
A M microscopy sections Venlafaxine (VEN), O-DesmetiiVerlafaxine (RTgill-W1)
/ [T @ R (0-DES-VEN), Lormetazepam (LORM), () Mixture 2; 1
il / Carbamazepine (CBZ), B2+ VAL E - .
i (4|4 |8 |3 e Cell viability
fom Cardiovascular drugs: (3) Mixture 3: L S
Atenolol (ATE), mmw’r:llg:\m bk PR . =
. Valsartan (VAL) Mixture 4:
] . O ROS assay
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LS5 IN VIVOLABORATORY EXPERIMENTS, Daniorerio:

Naproxen (NAP), Nimesulide (NIM) VAL + ATE + GEM + RAM

Estimated values from the model




PHARMASEA -

DRUG ACCUMULATION

3 Exposed to s “&! 3

¢ Exposed to

WP2: EFFECTS OF PHARMACEUTICALS ONRERT

AQUATIC SPECIES

CHANGES IN TRANSCRIPTIONAL PROFILE

FACTOR 1 (22.34 % of variance explained)
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V Competing mechanisms in mixture-exposed organisms

V Metabolism/excretion processes

V Immune parameters as the most sensitive in response to

pharmaceuticals and mixtures.

V Impaired lipid metabolism and redox homeostasis.

V Modulation of neurotoxicity and DNA damage.

V Effects still evident after the end of depuration period

V Low acute toxicity
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WP3 — DEVELOPMENT OF RISK ASSESSMENT PROCEDURES
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A Chronic conditions caused a level of risk between “SLIGHT” and “MODERATE”
A Evidence of interaction in Mixtures treatments
A Decrease of risk level after the depuration period
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A Lower acute toxicity compared to chronic exposure conditions
A Higher risk of mixtures compare to single pharmaceuticals

A Lack of clear dose-dependent effects



PHARMA & WP4i DISSEMINATION AND STAKEHOLDER ENGAGMENT

CITIZENS
SCIENTIFIC COMMUNI

Website and social media Science meeting, exhibitions

Participation to 10 Scientific Conferences Citizen engagement
more than 30 contributions Platform/Posters facebook
*
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https://vaw.pharmaseaaq uatpoll.eu/
PharmaSea
@PharmaSeaAquatPoll

TV programs,
Newspapers, Magazines

Environmental Pollution

IEF [— Pharmaceuticals in marine
environment
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Marine heatwaves hamper neuro-immune and oxidative tolerance toward

carbamazepine in Mytilus galloprovincialis™ '
==
Alessandro Nardi ', Marica Mezzelani ', Silvana Costa ', Giuseppe d'Errico ", Eer)
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WP4¢ Contributions to regulations, policies and management practices

@
PRIVATE COMPANIE REGULATORY BQODI

WWTPs companies

Pharma industries
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Medicines end upin the sea
back on the dinner table
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Concrete solutions for our greatest challenges

Francesco Regoli
iversita Politecnica delle Marche
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