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Evaluarea performanta a efectelor

surfactantilor emergenti
Autor: Gheorghe Stefania, Paun Iuliana, Lucacid Irina

Incidenta surfactantilor in apele de suprafaid

in ultimii ani, industria detergentilor s-a schimbat
continuu  datoritd  preferintelor consumatorilor,
cerintelor de  sustenabilitate,  disponibilitate,
costurilor de energie si materii prime, tendintelor
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demografice si sociale si nu in ultimul rand datorita
situatiilor socio-economice si politice.
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Astazi, formulele detergentilor si aplicatiile lor sunt
orientate spre performantd la un pref avantajos
avand in vedere constrangerile  economice,
progresele tehnologiei si restrictilor de mediu. In
viitor, provocarea in  sistemul industrial al
detergentilor este nu numai formularea de agenti de
curatare concentrati cu performante deosebite, dar
si dezvoltarea / aplicarea unor tehnologii prietenoase
mediului care sd furnizeze beneficii consumatorului
pe termen scurt si lung.
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Consumurile de detergenti din Europa sunt
monitorizate si raportate anual de CESIO (European
Committee of Surfactants and their Organic
Intermediates). Conform rapoartelor, jumatate din
consumul de detergenti s-a utilizat in aplicatii
casnice iar cealaltd jumatate in industria cosmetica,

prelucrarea metalelor, fabricarea hartiei si in
industria pieldriei. In general cele mai mari
consumuri  s-au inregistrat pentru surfactantii

anionici gi nejonici, impreund acoperind jumatate din
volumul de surfactanti produsi (Ute, 2009). In anul
2008, s-a estimat ca in Europa de Est s-au folosit
anual >4,2 milioane de tone de detergenti si 1,2
milioane de tone de balsamuri, in crestere fatd de
anul 2006 (Tomislav, 2010). In Romania, la nivelul
anului 2007, s-a estimat un consum anual per
persocana de 0,39 g de detergent de rufe, un
consum mic comparativ cu Bulgaria, Ungaria,
Polonia, Slovenia, Lituania si Slovacia.

Procesul de igienizare generald si individuald impune
un consum destul de mare de produse de curatare si
cosmetice, care dupa utilizare ajung in apele uzate
din retelele de canalizare si in final in apele de
suprafata. In functie de proprietatile fizico-chimice si
biologice ale substantelor componente, aceste
produse pot polua diferite compartimente ale
mediului cum ar fi apele de suprafata, apele
subterane, sedimentele si solurile. Atata timp céat ele
sunt prezente in mediu, pot manifesta diverse efecte
asupra organismelor care populeazéd un anumit
areal.

Surfactantii cationici si amfoterici reprezinta o clasa
de substante tensioactive utilizati frecvent in
fabricarea detergentilor si balsamurilor de rufe si
vase, produselor de ingrijire personald, dar si in
produse biocide. Recent studiati din punct de vedere
al efectelor ecotoxicologice, acesti compusi sunt
clasificati ca substante emergente / periculoase
pentru viata acvatica, capabile s& determine efecte
observabile neasteptate la nivelul organismelor.

S-a constata ca existad suficiente studii de evaluare
a ecotoxicitétii surfactantilor anionici precum si
pentru o mare parte dintre cei neionici, si de aceea
cercetarile viitoare ar trebui indreptate in mod
special pentru elucidarea efectelor toxice ale
surfactantilor cationici si amfoterici al caror profil
ecotoxicologic este putin cunoscut, iar proprietatile
lor fizico-chimice pot influenta semnificativ
rezultatele studiilor ecotoxicologice.

Surfactantii  cationici  Tntdmpind probleme de
biodegradare aerobd, in timp ce surfactantii
amfoterici sunt usor biodegradabili, iar din punct de
vedere al toxicitdtii atdt surfactantii cationici cat si
cei amfoterici determina efecte acute (fiind clasificati
in clasele de toxicitate TOXIC sau MODERAT
TOXIC) asupra pestilor, crustaceelor, algelor si
bacteriilor.
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Actiuni de prevenire a poluarii cu surfactanti

Avand in vedere ca in Romdania, Regulamentul
European EC 648/2004 privind Detergentii se
afld incd in curs de implementare, INCD ECOIND
este permanent interesat sa asigure suportul tehnic
privind respectarea regulilor impuse agentilor
economici care produc / importd si comercializeaza
detergenti si produse de curdtat. In acest context
institutul in colaborare cu Universitatea Bucuresti -
Facultatea de Biologie, au dezvoltat o metodologie
complexa de evaluare a efectelor generate de
surfactantii emergenti (cationici si amfoterici) asupra
organsimelor din apele de suprafata, in vederea
prevenirii poludrii cu surfactanti.

Evaluarea riscului acvatic a presupus colectarea de
informatii privind expunerea la substantele testate
(caracterizare,  proprietati, utilizare, cai de
patrundere in  mediu, prezenta in mediy,
biodegradare, etc.) astfel incat sa se permitd
predictia concentratiei in apa de suprafata ( Predicted
Expousure Concentration, PEC). Un al doilea set de
informatii (toxicitate acvatica, efecte sub-letale,
efecte complementare, etc.) a presupus estimarea
celei mai mari concentratii la care nu sunt observate
efecte adverse asupra organismelor acvatice
(Predicted  No-Effect  Concentration,  PNEC).
Compararea acestor informatii a permis stabilirea
riscului generat de substantele testate asupra
mediului acvatic. Utilizarea acestor substante in
produse de curatat este permisd atunci cand PEC
este mai mic decat PNEC.

Cercetdrile au evidentiat urmatoarele aspecte:

e Surfactantii studiati se biodegradeazad primar
(>80% eficienta de indepartare) si ultim
(>60% eficientd de indepartare), cu
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mentiunea ca surfactantii cationici au
obtinut cele mai mici valori. In ceea ce
priveste toxicitate acutd acvaticd s-a
constatat ca surfactantii cationici sunt toxici
pentru crustacee, alge si bacterii (,toxicitate
acutd categoria 17), iar surfactantii
amfoterici sunt toxici pentru pesti,
crustacee si alge (,toxicitate acuta categoria
2.

o Efluentii rezultati in urma biodegradarii
surfactantilor cationici isi mentin toxicitatea
si dupa biodegradare asupra algelor si
bacteriilor, in timp ce surfactantii amfoterici
determind o toxicitate mai slabd comparativ
cu substanta originala.

o Ambele tipuri de substante induc modificari
ale activitatilor enzimatice specifice ale
enzimelor antioxidante din organele studiate
(cele mai afectate organe fiind ficatul si
branhiile) s deteriorari  oxidative ale
proteinelor ceea ce indica toxicitatea acutd
(la 0,5mg/l surfactant) cu tendinta de
impact pe termen lung.

e S-au evidentiat efecte acute la nivel tisular,
cele mai drastice modificérii fiind identificate
la nivelul ficatului, branhiilor si rinichiului.
Majoritatea modificarilor structurale sunt
considerate compatibile cu functionarea
tesuturilor si supravietuire, Insd au aparut si
anomalii severe gi foarte severe: anevrism,
rupturi celulare, focare de necrozé care
periclizeaza buna functionare a tesutului;

o Aplicarea metodologiei de evaluare a riscului
acvatic a surfactantilor cationici si amfoterici
asupra componentei acvatice (efectuat
pentru doua studii de caz) a condus la
obtinerea urmadtorilor coeficienti de risc:
surfactantii cationici (clorura de benzentoniu
— PEC/PNEC >1 - prezintd risc asupra
organismelor acvatice; surfactantii
amfoterici  (cocamidopropil  betaina -
PEC/PNEC <1 - nu prezintd risc asupra
organismelar acvatice);

e Avand in vedere faptul ca aceste clase de
surfactanti nu sunt normati in legislatia
nationald  sau internationald  privind
concentratiile admise in apa de suprafata si
apa uzatéd (efluenti), s-au  stabilit
concentratiile maxime admise de surfactanti
cationici  (<0,002mg/l) si  amfoterici
(0,01mg/l) in apele de suprafatd astfel incat
sa nu fie afectata viata ecosistemului acvatic
pe intreg lantul trofic;

Recomandari pentru consumatori

In vederea prevenirii si combaterii poluarii cu
detergerti, fiecare dintre noi, pornind de Ila
producdtor pand la consumator trebuie s& fie
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congtient de riscurile care le implica utilizarea
neadecvatd si neinformatd a detergentilor. In acest
sens consumatorilor le  sunt  recomandate
urmatoarele:

- Respectarea dozajelor si utilizarea corecta a
produselor conform etichetei sau
prospectului;

- Folosirea detergentilor compactii sau a celor
lichizi, pentru evitarea fosfatilor;

- Folosirea detergentilor ecologici identificati
pe piatd cu un simbaol grafic specific in forma
de floare;

- Depozitarea si adecvatéd a

deseurilor;
- Evitarea spalarilor si folosirii inutile;

- Alegerea corectd a produselor, respectiv
utilizarea unui produs universal adecvat
pentru mai multe aplicatii.

evacuarea

Ca urmare a cercetarilor efectuate pana in prezent si
a informatiilor prezentate in acest studiu s-au
identificat diverse perspective de cercetare privind
subiectul agentilor de suprafatd cationici s
amfoterici, printre care: dezvoltare de noi metode
analitice de identificare performante, evaluarea
impactului asupra microorganismelor, monitorizarea
apelor de suprafatd in vederea evaluarii aportului de
nutrienti si nu in ultimul rand evaluarea efectelor
cronice si de bioacumulare cumulate cu impactul la
nivelul sistemelor de detoxifiere ale organismelor
acvatice. Toate aceste noi directi de cercetare
necesita formarea i instruirea personalului din
cadrul institutului in vederea dezvoltarii de noi
servici de mediu care sd vina in intdmpinarea
mediului economic.
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Sistemul de Calificari si
Certificari de Competente
pentru o Dezvoltare Durabila

Autori: Elena Laslu, Gheorghe Bucataru

In contextul realitatilor contemporane dintre toate
activitdtile economico-sociale capata o importanta
primordiala  calitatea, capacitatea de  munca,
performanta profesionald, atitudinea si nevoile explicite
si implicite ale resursei umane, singurul factor autonom
de a cdrui comportare si implicare in context depinde
rezolvarea ecuatiei Dezvoltarii Durabile printr-o solutie
certa si pozitiva.

Generatiile viitoare mostenesc o planeta curaté si inca
locuibild, neviciata de epuizarea resurselor, afectarea
echilibrelor ecologice, cresterea poludrii, sdrdcirea
biodiversitatii sau de declansarea unor schimbari
climatice ireversibile.

Orice strategie avand ca obiectiv Dezvoltarea Durabild
trebuie sd includd esentialmente grija, preocuparea
pentru resursa umana disponibila si viitoare din toate
punctele de vedere: formare, specializare, calificare,
dezvoltare profesionala, sandtate si  securitate,
recunoastere si valorizare, acces nediscriminatoriu la
procesele de formare si munca, respect si prefuire,
asigurarea si garantarea drepturilor §i libertatilor
personale,

Trei elemente cheie interrelationate, necesare in fiecare

Centrul de Evaluare UNIMED — Bacau

sector de activitate, pot constitui referential si liant 0 ! m IIIH

procedural pentru armonizarea asteptarilor angajatilor
si angajatorilor din fiecare sector de activitate,
regularizand in acelasi timp domeniile de formare si
recunoastere profesionald a resursei umane:
Competentele (profesionale)
- Standardele ocupationale T L ’ ;
Centrele de evaluare / certificare o : . /

in acest sens, In sectorul Protectia Mediului, CSFPM
prin  implementarea  proiectului  strategic  Pro-
Competent! Calificari si Certificari de Competente
pentru o Dezvoltare Durabila, contribuie la accelerarea
proceselor de dezvoltare a resursei umane care
activeazé in sector prin punerea la dispozitia factorilor
implicati in aceste procese (formatori, evaluatori,
angajatori, angajati, organizatii profesionale, autoritati
specializate, specialisti independenti etc.) doua noi
standarde ocupationale si opt noi centre specializate de
evaluare/cerificare a competentelor profesionale pentru
ocupatii specifice sectorului, solicitate, asteptate si
necesitate de sector. Realizérile din proiect, date fiind
limitarile de timp si buget stabilite prin acest proiect
cofinantat din fonduri FSE, desi remarcabile si bine
primite de piata muncii din sector, nu pot rezolva decat
in micd mdsurd necesarul mare de standarde
ocupationale si centre de evaluare de competente
profesionale cerut si dorit de piata resursei umane din
sector, dar se pot constitui in modele exemplare si
surse de multiplicare pentru dezvoltarea in continuare

de standarde ocupationale si Centre de evaluare pana ) A
la acoperirea intregului necesar al sectorului. Centrul de Evaluare ECOIND — Bucuresti
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OccurencE AND EcoToxoLoacicAaL EFFECTS OF RESIDUAL
PHARMACEUTICALS ON AQUATIC ENVIRONMENT

Irina Lucaciu, Stefania Gheorghe, Jana Petre, Vasile lon lancu, luliana Paun,
Margareta Nicolau

National Research and Development Institute for Industrial Ecology - ECOIND, Control
Pollution Department, 71-73 Drumul Podu Dambovitei, 060652 Bucharest—6, Romania,
phone:040214100377, fax: 040214100575, e-mail: biologi@incdecoind.ro

Introduction

According to the monitoring studies, the pharmaceutical compounds (PHCs) are found in the most water
sources. especially in wastewaters and surface waters. Although, they are found in very low concentrations
(from ng/L to ug/L) these substances may represent a real danger to aquatic ecosystems. In this work we tried
to find the answer to the question: ..Have the pharmaceuticals toxic effects on aquatic organisms?".

Over 80 active PHCs have been detected in rivers and lakes in Austria, Brazil. Canada, Norway, Ukraine,
USA. In Romania, the study of the PHCs contamination of the aquatic environment started recently. There
are some investigations in surface waters (Somes River). Fifteen compounds including nervous stimulants.
anti-rheumatic, anti-epileptic, analgesic. disinfectant and anticoagulant drugs were detected in concentrations
ranging Irom the 30 ng /L to 10 pg / L. using GC/MS technique (Moldovan, 2006).

Since the increasing of drugs environmental discharges represent a serious threat for human an animal health.
the worldwide organizations such European Medicines Agency (EMEA ) and U.S. Food and Drug Administra-
tion (FDA), have developed and implemented various environmental risk assessment guidelines (Fent et al..
2006). In 2006, EMEA have published the Guideline of Environmental Risk Assessment of medicinal prod-
ucts for human use that impose the assessment of acute and chronic effect of new pharmaceutical chemicals
(EMEA, 2006; Straub, 2001).

Due of the lack of European and international environmental legislation concerning the admissible Limits of
these compounds in wastewaters and surface waters, the municipal WWTPs and medicinal producers are not
constrained to discharge wastewater effluents without PHCs contamination.

The aim of the present work was to assess the effects of 10 PHCs (analgesies. antiepileptic drug. nervous
stimulant and antibiotics) on aquatic organisms and preliminary risk assessment in Romanian surface waters
according to actual international norms and base on our toxicity and monitoring data and from literature.

Materials and methods
Chemicels

Six anti - inflammatory drugs (ibuprophen. diclofenac, acetaminophen, naproxen. indomethacin, and ketopro-
phen). a nervous stimulant (catfeine), an antiepileptic drug (carbamazepine) and two antibiotics (trimethoprim
and ciprofloxacin), were studied. in terms of acute toxicity on aquatic organisms throughout the food chain
(fish, crustaceans. algae and bacteria). All the PHCs analytical standards were purchased from Sigma-Aldrich
(Seelze, Germany). The PHCs selected for this study are characterized in Table 1.
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Tuble 1. CAS number, chemical structure, water solubility, octanol / water partition coefficient (logKOW,
molecular mass (MM) and medical application of selected PHCs
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Sampling

In order 1o assess the aquatic risks of the studied PHCs in the field, some representative samples were chosen’

*  wastewater samples (influents and effluents) collected monthly (from January until September 2011) from

3 municipal WWTPs;

e surface water samples collected from Ghimbasel Stream (Brasov area), Mures River (Targu Mures town

area) and Arges River (Pitesti area) upstrcam and downstream of WWTPs,

¢ surface water samples collected from Danube River (Romanian sector) and Danube Delta (Sf. Gheorghe
Branch), in March 2011 and January 2013, in different sites (Bazias, Giurgiu, Tulcea, Mahmudia, Uzlina,
Murighiol, Sf. Gheorghe and Black Sea Confluence).



Detection methods

LC-UV analysis. The chromatographic conditions were modified and adapted from an analytical method pre-
viously developed and described elsewhere (Santos, 2005). Liquid-chromatographic separation of selected
PHCs was investigated by using an Agilent 1100 (Agilent Technologies, USA) system equipped with a degas-
ser, quaternary pump, autosampler, column thermostat and multiple wavelength detectors (MWD).
HPLC-MS/MS analysis. An analytical procedure was developed based on EPA Method 1694 with some modi-
fication (EPA 1694). LC-MS/MS measurements were carried out with an HPLC system Agilent 1290 Infinity
coupled to an Agilent 6410 triple quadrupole MS equipped with an electrospray ionization (ESI) source (Agi-
lent Technologies, Waldbronn, Germany) in multiple reaction monitoring mode (MRM).

Ecotoxicology methods

Toxicity assessment was carried out according to OECD and ISO methodologies using conventional and alter-
native methods (microbiotests). The effects of tested PHCs were assessed on aquatic organisims as following:
fish (Cyprinus carpio), planktonic crustacean (Daphnia magna), green microalgac (Selenastrum capricornu-
fum), marine luminescent bacteria (Fihrio fischeri), and other bacteria (gram negative and positive bacteria). In
Table 2 are presented the biological tests battery, the monitored endpoints and the ranges of tested concentra-
tions.

it

Table 2. Battery of aquatic toxicity tests used in PHCs effect assessment

Cyprinus carpio Mortality and 96h, 7
ECD 203 ¥ cut . = -500 meg/L
i AU pehavior 21-22°C 1-500 me
OECD 202 . Mortality and
. Daph 5 - g 01-
DaphixlieF magna® aphnia magna acute . 24-48h,20°C  0.01-100 mg/L
acute/ 7h
OECD 201 , chron- Growth inhibition .7 ._ . 0.01-100 mg/L
. Selenastrum capricormaum . 21-25°C N
Algaltoxkit F* 1c
DIN EN ISO 11348-3 2 ] Luminescence .
. e : i Vib cher e e 20 01- /L
BioFix Lumi, Multi-Shot e sy Rl inhibition L3niin, 20°C  001-100 mp
kit ®
Microbacterium sp.,
Brevundimonas diminuta,
Citrobacter freundii. Co-
memonas testosterroni,
’ . Enterococcus casseliflavus, Microbial growth . ) .
S e ; g g ) ac 8 .o e - 8 h, 30" 0.4- 200 /L
MARA st (Microbidl Delftia acidovorans, Kurthia e mhibition 8 B30 =B

Array for toxicity Risk

ibsonii, Sthaphilococcus
Assessment) * g P

warnerii, Pseudomoncas

aurantiaca, Serratic rubidae.

Pichia anomalia

* MicroBioTests Inc.. Belgium; ® Macherey—Nagel GMbH & Co. KG, Germany: “NCIMB Ltd.. Scotland.

Aquatic risk assessment methodology

The aquatic risk assessment of the studied PHCs was conducted according to Environmental Risk Assessment
EMEA Guideline (2006). For hazard characterization of the studied drugs, predicted effect concentrations
(PEC) and predicted no effect concentrations (PNEC) were estimated. The PNECs were calculated using the
lowest acute toxicity values (LCs/ECs0) and the PECs were estimated based on monitoring data (pharmaceuti-
cals concentrations obtained in different Romanian surface waters and also in effluents of three WWTPs). The
PEC/PNEC ratio is widely accepted as endpoint in aquatic risk assessment models.
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Results and discussions
Envivonmental PHCs concentrations

All PHCs were found in the influents and effluents from the three WWTPs studied with mean concentrations
varying from 0.13 pg/L (naproxen) to 21.48 ng/L (ibuprofen). The concentrations average of PHC's in surface
water were between 0.22 nug/L and 11.05 ng/L, and the most abundant compounds were ibuprofen and caf-
feine. Generally, in Mures River, Arges River, Danube River and Danube Delta (Sf. Gheorghe Branch), PHCs
concentrations were detected less than | pg/L. excepting ibuprofen (2.16 ug/L) and cafteine (1.78 pg/L).

Aquatic toxicity of PHCs

Results indicated moderate and low acute toxicity values, in the most cases. LC sy, ranged from 43.65 to
=100 mg/L (for fish Cyprinus carpio). ECsy,g, ranged from 12,02 to =100 mg/L (for planktonic crustacean
Daphnia magna) and 1Csyizmn / MTC ranged from 6.02 to 77.62 mg/L (bacteria, Fibrio fischeri and other). An-
tibiotics showed a acute toxicity to bacteria < 5 mg/L. As 1t is known that antibiotic are harmless for microbial
flora (Hamre. 2006: Halling-Serensen et al., 2000), the studied antibiotics (ciprofloxacin and trimethoprim)
revealed a high toxicity on bacteria using MARA test, the most sensitive bacteria being the Microbacterim sp.

Aquatic risk assessment characterization

For each PHCs risk coefficients were calculated taking into consideration four risk scenarios. All the PHCs
were found in the investigated surface waters in concentrations over 0.01 ug/L and the risk started with the
Phase [ Tier A — toxicity assessment using aquatic organisms. In order to estimate the PNEC values, the lowest
EC50 values were selected and an extrapolation factor of 1000 was applied.

The estimated generic consumption of PHCs in Romania highlighted an insignificant or low environmental
risk for all PHC's (most of PEC/PNEC ratios were <0.1 and in the range 0.01 — 1),

PEC / PNEC ratios revealed that the presence of these compounds in the aquatic environment leads to lower
aquatic risk, but it should take into account the bicaccumulative proprieties with synergic and antagonist ef-
fects, developing resistant bacterial strains.

We consider that there are still many gaps in the research on the effects of pharmaceuticals on environmental
health, due to the abundance of compounds, the low number of advanced detection methods and high analysis
costs and lack of an integrated ecotoxicity assessment methodology.
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