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Cai de contaminare a mediului cu produse farmaceutice

Industria farmaceuticd dezvolta si Spitalele, farmaciile si retailerii distribuie
produce medicamente pe a le lansa pe prescriptiile pentru diverse tipuri

piata. medicamente.

Productie Distribuire

n
1

Pacientii returneaza

. Flnci
d ele e

catre farmacii prin metode
de safe-disposal.

Apﬁ potabﬂfl Apele uzate sunt filtrate si tratate pentru a S
atinge calitatea de apa potabila

T insa compusii farmaceutici raman.

hr‘
Filtrare Eliminare
”l ’ neco?éspunzﬁ/toare

Apele uzate sunt trimise la statiile de Pacientii arunca necorespunza

epurare pentru a elimina contaminantii. medicamentele nefolosite care
Nimolul tratat este folosit ca ajung la gunoi sau in toalets,

fngrasimant, iar efluentul lichid este acestea ajungand in sursele de

returnat in corpurile de apa. apa.

Tratarea apelor uzate

Degi concentratiile sunt sub forma
de urme, de cele mai multe ori cu
mult mai mici decat concentratiile
prescrise initial, cea mai mare
preocupare este impactul asupra
organismelor acvatice.

Compusii remanenti
neabsorbabili ale
produselor farmaceutice
ingerate sunt excretati
inapoi in sursele de apa.






Farmaceuticele si disruptorii endocrini
sunt MOLECULE BIOACTIVE

Disruptori endocrini

Un perturbator endocrin este o
moleculd a unel substante chimice
care poate interfera (e}
comunicarea hormonald  Tntre
celule,
. Molecula de

Disruptor endocrin organismul uman

de celuld, dar perturbatorul endocrin
ocupd deja un spatiu.




In ultimii ani exista o preocupare sustinuta pentru revizuirea legislatiei in vederea
unui mai bune protectii a mediului

v Directive 2001/82/EC relating to veterinary medicinal products

v Directive 2001/83/EC relating to medicinal products for human use

v/ VICH- Guideline on environmental impact assessment (EIAS) for veterinary medicinal
products - phase I, Bruxelles 2000

v/ VICH - Guideline on environmental impact assessment (EIAS) for veterinary medicinal
products (vmps) - phase II, Bruxelles 2005

4 EMEA/CHMP - Guideline on the environmental risk assessment of medicinal products for
human use, London, 2006.

v/ EMEA/CVMP 2008 - Reflection paper on the implementation of directive 2001/82/EC, as
amendet, in respect to the assessment of environmental risck of veterinary medicinal
products

v EMEA/CHMP/SWP/4447/00 Guideline on the environmental risk assessment of 4
medicinal products for human use, 2018

v EU Chemicals Bureau, Technical Guidance Document on Risk Assessment, 2003



2000 60 EC WATER FRAMEWORK DIRECTIVE

Directive 2013/39/EU ame!dlng Directives 2000/60/EC
and 2008/105/EC as regards priority substances in the
field of water policy

3 compusi farmaceutici au fost introdusi Iin prima
lista de observatie

EU Watch List contaminants of emerging concern,
according the Decision 2015/495/EU

17 compusi farmaceutici au fost introdusi in a
doua lista de observatie

!

European Union Strategic Approach to Pharmaceuticals
in the Environment 2019



Prioritizarea compusilor

Evaluarea riscului pentru Indice de
—

Studii de Sl de Experimente in Modele
monilt\;laéiéare - modelare - PEC vivo/in vitro QSAR

¢

Network of reference Iaboratorie"s, fesearch centres and related
organisations for monitoring of emerging environmental
substances

v" Implementarea schemelor de prioritizare bazate pe compararea MEC/PEC cu PNEC

v O platforma pentru arhivarea datelor obtinute prin analiza prin spectrometrie de masa de
inalta rezolutie (LC-HRMS) pentru screeningul retrospectiv suspect al mii de poluanti ai
mediului
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https://www.chem-academy.com/sites/chem

Studii preliminare a reziduurilor
farmaceutice in raurile din Romania -
Martie 2012

" Apa potabila- Galati

P ra h Ova ri Ve IF — a Va | O ra S S i n a I a Toxicological & Environmental Chemistry, 2015 Taylor & Francis

http://dx.doi.org/10.1080/02772248.2015.1005092 TARERIDRA

Prahova river — aval oras Busteni

Preliminary survey of pharmaceutical residues in some important

[ | Timis_ |anga BraSOV Romanian rivers

Carmen Lidia Chitescu® and Anca loana Nicolau

Dunare - aval si amonte
. - \ Water sampling location in
Ora§ Galatl ,.f'/- / Romania
S|ret ’. A *,— . * Rivers
2 * Drinking water
Prut
e
Lac in vecinatatea orasului

Iasi




Rezultate incluse in baza de date a

proiectului BSB27-MONITOX

Prahova Prahova Timis river Danube Danube Drinking Siret river Prut river Jijia river Lake near

river — river — - before river— after river— water - - Galati Iasi county  Husi town
after Sinaia after Brasov Galati town before Galati town country Iasi county
town Busteni town Galati town
town

Ciprofloxacin nd* nd nd nd nd nd 15 nd nd nd
Erytromicin nd nd nd nd 25 nd nd 25 20 nd
Trimethoprim >10 10 nd nd nd nd 20 15 nd nd
Sulfamethoxazo >15 10 nd 20 20 nd 30 30 nd nd
le
Carbamazepine 10 10 nd 20 15 10 20 20 25 nd
Diclofenac 20 <10 nd <10 25 50 40 30 nd 15
Enilconazole nd nd nd <5 <5 nd nd <5 <5 nd
Thiabendazole <5 nd nd <5 5 nd <5 <5 <5 nd
Tebuconazole nd nd nd nd 5 5 nd <5 <5 nd
Fluconazole nd nd nd nd nd nd nd <10 <10 nd
Griseofulvin nd nd nd nd nd nd nd 5 nd nd
Clotrimazole nd nd nd nd nd nd nd 10 nd nd
Carbendazim nd nd nd 10 10 nd 10 10 10 nd



Bazinul Dunarii- Octombrie 2014

= 20 puncte de prelevare din Dunare si afluenti: Olt, Arges, Siret
= 67 compusi monitorizati: macrolides, benzimidazol, tranquilizante, macrolide,
sulfonamide, quinolone,penicilline, tetracicline, NSAIDs, antiepileptice, lipid regulator,

coccidiostatice, antifungice, biocides si fungicide



Contents lists available at ScienceDirect

R e Z u I t at e 8 Science of the Total Environment

journal homepage: www.elsevier.com/locate/scitotenv

anterioare

High sensitive multiresidue analysis of pharmaceuticals and antifungals @c,mm,
in surface water using U-HPLC-Q-Exactive Orbitrap HRMS. Application to
the Danube river basin on the Romanian territory

Carmen Lidia Chitescu **, George Kaklamanos °, Anca loana Nicolau ? Alida Adriana Maria (Linda) Stolker ®

Sulfamehoxazol (in 18 probe) — max. 30 ng/L
Carbamazepine (in 17 probe) - max. 40 ng/L
Diclofenac ( in 7 probe) — max 166 ng/L
Tilozina ( In 4 probe) — max. 40 ng/L
Indometacin (in 2 probe) - max. 8 ng/L
Ketoprofen (in 5 probe) - max. 22 ng/L
Piroxicam (in 4 probe) - max. 32 ng/L
Griseofulvin (in 5 probe) - max. 57 ng/L
Trimetoprim ( in12 probe — max. 12 ng/L
Clofibric acid ( in 2 probe) — max. 4 ng/L
Tiabendazol ( in 6 probe) — max. 53 ng/L
Enilconazol ( in 8 probe) — max. 80 ng/L
Carbendazim (in 5 probe) — max. 30 ng/L




Rezultate anterioare

| V% 5 5 puncte v Sulfametoxazol
S prelevare v Trimethoprim
tait TR e din Delta -
S : DITHETST v’ Carbamazepine

o’

v Thiabendazol
v’ Ketoprofen
v Enilconazol
v Griseofulvin

TR v’ Flutriafol

Danube — Tulcea town
Danube Delta — Sulina arm, Gorgova village

Danube Delta — Gorgova Lake
¥ 4 Danube Delta — Sf. Gheorghe arm, Nufdrul village
ARSIy Danube Delta — Sulina arm at the separation of the Sf. Gheorghe arm




Transferul si implementarea metodei
in UDJG

Compusi noi au fost adaugati metodei

" Antibiotice: ampicillina, amoxicillina, lincomicina
" Hormoni: progesteron

" Psihoactive: secobarbital, codeina, diazepam,
ketamina

" Benzimidazoli: albendazol, flubendazol



Prelevare probe — Jud. la

8 probe din diferite
exploatari piscicole
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Rezultate anterioare

Proba/ Ac. Ac. Acva. Ac. Statiune Ac. Iaz Ac.

contaminant Valea Movileni Tiganci Holceni cercetare Pisc. Larga Ezareni
' ng/L Adanca Jijia

sulfametoxazol 32 o 42 15 6 12

sulfaquinoxalina p 2,5 5 5

sulfadiazina 3 6 2,5 <LQ

trimetoprim 4 32 3 5 12 <LQ 8

carbamazepina 5 11 31 10 9 25

tiabendazol 12 8 6 2

griseofulvin p 4 8 14 p

imazalil 40 32

carbendazim 1 1,2 p Jic 1 1,5 2

procloraz 5

diclofenac 32 15 26 P13 18

naproxen 11

cafeina 22 12 0,8 p

Sulfamethoxazoe, trimetoprim, carbamazepina, imazalil,
diclofenac, cafeina, thiabendazol — 5-40 ng/L



Compusii tinta monitorizati in programul de
momtorizare 2019-2020 din cadrul proiectului
BSB27-MONITOX

Class Compounds

Antibiotics amoxicillin, ciprofloxacin, norfloxacine, flumequine,
oxytetracycline, doxycycline, dicloxacillin, erythromycine,
cefuroxime, clindamycin

Hormones drospirenone, ethinyl estradiol

Lipid-lowering agents clofibric acid, provastatin

NSAIDs piroxicam, ketoprofen, indometacin, carprofen, diclofenac,
meclofenamic acid, naproxen

Antiepileptic Carbamazepine

Antifungal ketoconazole, fluconazole, clotrimazole, miconazole,
enilconazol




Punctele de prelevare a apei de suprafata in programul
de monitorizare 2019-2020 din cadrul proiectului
MONITOX (RO-BG, RO-MD,RO-UA)
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Abordarea analitica: vDIA (variable Data
Acquisition)




Q-Exactive Orbitrap High
resolution mass spectrometer

| pBuLI_020.01-7 9
|

wuvvs_ 1

1]
bracte bucuresti\test | 107

1000000-|

||

racte bucuresti\0802| “
thode\Poliphenols (J M
|

selength UVY: 2240 frm] ‘ 08022021_02 #1232 m THN 6 130
_ T.FTMS - ESI Full 30.0000-6(

74 9‘5@

229
0917
777 l NN
L M { 6950 3049149 [mm - g,,lwm 445 9080
L 11 - ||| \|||b Tl PNCTS |

|
%0 P 450

cooPeratj,,




Prelucrarea probelor — extractie SPE

100 ml apa filtrata in prealabil

EDTA
pH =3 cu acid acetic

Strata X, 200 mg, 6c¢c, Spalare cu:

reverse phase, SPE - H20

- 30% MeOH
Elutie: - MeOH
Evaporare
Resolvare in

MeOH:H20 (10:90)

Injectare in UHPLC-MS
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366.10 amoxicilina; m/z 425.18 drospirenona; m/z 229.12 bisfenol A.




Compusi farmaceutici si
disruptori endocrini monitorizati

Class Formula Exact mass

Compound

Sulfamethoxazole
Trimethoprim
Ciprofloxacin
Norfloxacine
Flumequine
Oxytetracycline
Doxycycline
amoxicillin
cefuroxime
Dicloxacillin
clindamycine
Carbamazepine
Clofibric acid
provastatin
Erythromycine
Piroxicam
Ketoprofen
Indometacin
Carprofen
Diclofenac
Meclofenamic acid
Naproxen
Enilconazole
Ketoconazole
Fluconazole
Clotrimazole
Miconazole
drospirenone
ethinyl estradiol
bisfenol A

Sulfonamides

C10H1IN303S

Diaminopyrimidiner C14H18N403

Quinolones
Quinolones
Fluoroquinolines
Tetracycline
Tetracyclines
antibiotic
Penicillines
Penicillines
lincosamides
Antipileptic
Lipid regulator

C17H18FN303
C16H18FN303
C14H12FNO3
C22H24N20%
C22H24N208
C16HI9N305S
C16H16N408S
C19H17CI2N305S
C18H33CIN205S
C15H12N20
C10H11CIO3

synthetic lipid-lowe C23H3607

Macrolide
NSAIDs

NSAIDs

NSAIDs

NSAIDs

NSAIDs

NSAIDs

NSAIDs

Azole antifungal
Azole antifungal
Azole antifungal
Azole antifungal
Azole antifungal

C37H65NO12
C15H13N304S
C16H1403
C19H16CINO4
C15H12CINO2
C14H11CI2NO2
C14H11CI2NO2
C14H1403
C14H14CI2N20
C26H28CI2N404
C13H12F2N60
C22H17CIN2
C18H14CI4N20

synthetic progestin C24H3003
synthetic estrogen C20H2402
endocrine disruptor C15H1602

253.052113
290.137890
331.133219
319.133219
261.080121
460.148179
444.153265
365.104542
424.068885
469.026597
424.179871
236.094963
214.039672
424.246102
715.450674
331.062677
254.094294
357.076785
273.055656
295.016684
295.016684
230.094294
296.048318
530.148760
306.104065
344.108026
413.986023
366.219494
296.177629
228.115029
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Compusi farmaceutici si disruptori endocrini monitorizati

r 4

Sulfamethoxazole 35 ng/L
Trimethoprim 11 ng/L
Carbamazepine 26 ng/L
Ciprofloxacine 5.2 ng/L
Diclofenac 87 ng/L
Ethynil-estradiol 2.4 ng/L
Bisphenol A 138 ng/L
Provastatine 6.8 ng/L

Ifamethoxazole 15.7 ng/L
Trimethoprim 5.3 ng/L
Carbamazepine 19.5 ng/L
Ciprofloxacin 2.6 ng/L
Diclofenac 21.7ng/I
Bisphenol A 34.5ng/L
Ethynile-stradiol < 1 ng/L

Sulfamethoxazole 28 ng/L
Trimethoprim 8.6 ng/L
Carbamazepine 35 ng/L

Diclofenac 75 ng/L ) S
Erytromycin 6.2 ng/L “ wammMurighiol
Ethynil-estradiol 1.8 ng/I V)

Mahmudia
~on,
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Bisphenol A 186 ng/L \ GheOfghe
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Sulfamethoxazole 6.5 ng/L ‘,I

et ) Carbamazepine 8.6 ng/L ,’
) Diclofenac 5..7 ng/L /
‘ Medaidia Bisphenol A 218 ng/L v
’ CalaraslOt . - : s 44 /
Strov . 7
. o = Consnta /
J ' ; Eforie'Nord] /'
> & - l
famethoxazole 28.9 r?g ) . ,’
Carbamazepine 15.4 ng/L COStet' ,I

Diclofenac 28ng/L
Bisphenol A 238 ng/L
Ethynil-estradiol 1.6 ng/L
Dicloxacilin 3.5 ng/L

E&75
Carbamazepine 11.4 ng/L
Diclofenac 6.9 ng/L
Bisphenol A 164 ng/L

Mangalias

Vama/echec

Compusi
farmaceutici si
disruptori
endocrini
monitorizati —

exemple date
campanie 2019




Concluzii

L 71/40 Jurnalul Oficial al Uniunii Europene 24.3.2015

DECIZIA DE PUNERE iN APLICARE (UE) 2015/495 A COMISIEI

din 20 marte 2015 Decizii recente ale UE

de stabilire a unei liste de supraveghere a sub itorizare la nivelul UE in 5 -
domeniul apei, in temeiul Directivei 2008/105/CE a Parlamenmlm F.uropean si a Consiliului pe ntru monitorizarea

7.6.2018 Jurnalul Oficial al Uniunii Europene L141/9 substantelor

DECIZIA DE PUNERE iN APLICARE (UE) 2018/840 A COMISIEI fa rmaceutice in a pa
din 5 junie 2018

de stabilire, in temeiul Directivei 2008/105/CE a_ Parlamentului European si a Consiliului, a unei
liste de supraveghere a sub pentru | izare in 1 iga Uniune conform politicii in
iul apei §i de abrogare a Decizici de punere in aplicare (UE) 2015/495 a Comisiei

DECIZIA DE PUNERE IN APLICARE (UE) 2020/1161 A COMISIEI
din 4 august 2020

de stabilire a unei liste de snpraveghere a substantelor pentru monitorizare in intreaga Uniune
conform politicii in domeniul apei in temeiul Directivei 2008/105/CE a Parlamentului European si a
Consiliului

Lista de supraveghere a substantelor pentru monitorizare in intreaga Uniune, previzuti la
articolul 8b din Directiva 2008/105/CE

Limita maximi accepta-

Denuniea subsanefrupei de | o cas ) | wumirupy | Merodaamaicorens- | "L il R » Depasiri ale limitelor maxime la ethinil-

substange tiva () () metoda relevania (ngfl)
17-alfa-etinilestradiol (EE2) 57-63-6 | 200-342-2 | SPE de volum mare - 0,035 estradiol

LCMS/MS . .
: e » Pentru sulfametoxazol, trimetoprim,
17-beta-estradiol (E2), estrond (E1) 50-28-2, 200-023-8 | SPE - LC/MS/MS 04

53167 amoxicilina, ciprofloxacina,

it STE - LSS eritromicina valorile masurate sunt sub
Metiocarb 2032-65-7 | 217-991-2 | SPE - LC/MS/MS . .

sau GCMS limitele impuse

Neoaicorinoide (9 SPE - LCIMSIMS : Cu exceptia bisfenolului se

il | RS e : inregistreaza valori mai mici ale
- W | OB | IR contaminantilor in Marea Neagra

Ciprofloxacind 85721-33-1 617-751-0 | SPE - LC/MS/MS .

P comparativ cu Dunarea
Sulfametoxazol () 723-46-6 211-963-3 SPE-LC-MS-MS
Trimetoprim () 738-70-5 212-006-2 SPE-LC-MS-MS

Venlafaxin si 93413-69-5 618-944-2 SPE-LC-MS-MS
O-desmetilvenlafaxind () 93413-62-8 700-516-2




Concluzii

B Rezultatele generale sugereaza un anumit grad de
contaminare cu produse farmaceutice, antifungice si
perturbatori endocrini in mediul acvatic pe teritoriul
Romaniei

B Rezultatele justifica implementarea programelor de
monitorizare UE in Romania

" Este necesara evaluarea riscurilor pentru ecosistemul
acvatic (inclusiv sedimentele), inclusiv riscul potential
ecologic integrat (ERA) si uman (HRA)
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