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ABSTRACT

The occurrence, metabolism and toxicity of medigmactive drugs in the aquatic environment has rbee
recognized as one of the emerging issues in ermieatal chemistry. In some investigations carrietliowarious
countries like Spain, Greece, England, Canada,y)t#lustria, Brazil, Croatia, and the U.S., more rth&00
compounds, pharmaceuticals and several drug metabphave been detected in the aquatic environngseral
drugs from various prescription classes have beemd at concentrations up to the pug/ I-level nfiuent and
effluent samples and also in several surface wdtaated downstream from municipal sewage treatnpéanits.
The present review in designed to collect the mfation about the various drug in aquatic environtnamd their
analysis with respect to antipsychotics, anticanaamtibiotics and other commonly used drugs to g®wvhe
information for safe use of drugs and to avoidttidcity of these drug to the environmental lives.

Key words: Aquatic environment, Toxicity, Active Drugs, Metdibes, Environmental hazards.

INTRODUCTION

In recent years, the occurrence and fate of phagutamally active compounds (PAC) in the aquaticiemnment has
been recognized as one of the emerging issuesvimamental chemistry. The disposal of unused cewn via
the toilet seems to be of minor importance but mafihe pharmaceuticals applied in human medicad eae not
completely eliminated in the human body. Often tlaeg excreted only slightly transformed or evenhamged
mostly conjugated to polar molecules (e.g. as ghuuides) (Heberer, 2002). These conjugates caly dmscleaved
during sewage treatment and the original pharmargiyt active compounds will then be released ite aquatic
environment mostly by effluents from municipal seevagatment plants (STPs). Several investigatiawe lshown
some evidence that substances of pharmaceutigah @ie often not eliminated during waste wateattreent and
also not biodegraded in the environment (Terned818wiener et al., 2000). Under recharge cond#joasidues of
PAC may also leach into groundwater aquifers. Thisy have already been reported to occur in groamd
drinking water samples from water works using bflitdation or artificial ground- water recharge dowaam from
municipal STPs (Heberer, 2002).

Concerns about the presence and possible harnfedtefof active pharmaceuticals and personal cavdugts in
the environment, have arisen in recent years. 8ksardies have demonstrated adverse effects fogstanding,
low-dose exposures in both aquatic and terrestvidlife, although human toxicity related to tratevels of
pharmaceuticals in the water supply remains unknd@tnauch, 2011). It is now well-established thia¢se
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compounds are introduced into the environment, Inaimrough wastewater effluent from municipal treatin
plants, hospital effluents and live- stock actigti®Vater effluents are then discharged into rivansl sludge is
spread on the soil as fertilizer, which means tleesepounds can reach all environmental compartm&hire are
several pathways is influencing the occurrence mfgsl in aquatic environment (Figure 1). Physicodleam
analyses have confirmed the presence of drug resihgbtheir metabolites in all the different conipents of the
aquatic environment: wastewater, groundwater, sarfaater, and drinking water (Houeto et al. 20IY)ese
analyses require highly specialized equipment,thedime and costs associated are also relativgly. Fhe paper
describes the detailed account of analysis of diugsjuatic environment.
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Figure 1. Sources and pathwaysfor the occurrence of phar maceutical residuesin the aquatic environment

Besse et al. (2008) estimated the consumption & BAd the excretion of some metabolites; they eddoulated
ratios of predicted environmental concentrationthwespect to measured environmental concentrafdizCs) in
France. In other research, they provided an owernwé the occurrence of anti-cancer drugs in theatiqu
environment by calculating PECs based on Frenclsuwuoption data (Besse et al. 2012). Carballo e{28i08)
calculated consumption and excretion rates of SBAE in Spainin2003, Kasprzyk-Hordern et al. (2088mated
the use of drugs in local communities, Baran et(2011) reported the use and occurrence of sulfaiesmnin
different countries. These studies yielded intémgstesults and showed that, due to the large amafumse, more
research (experimental and theoretical) is needed.

Analysis of various drugsin aquatic environment

Pharmaceuticals and personal care products (PPG#s&) been documented throughout the United States
freshwaters but research has focused largely andgstems. Because PPCPs are designed to havesialpgical
effect, it is likely that they may also influencquatic organisms. Thus, PPCPs may negatively impquttic
ecosystems. The objectives of this research weguémtify PPCP abundance in near-shore habitasoathern
Lake Michigan and identify factors related to PP&Rindance. Stratified sampling was conducted salgaat
four southern Lake Michigan sites. All sites angttie had measurable PPCP concentrations, with mdandual
compound concentrations of acetaminophen (5.36)ngéffeine (31.0 ng/L), carbamazepine (2.23 ngéotjnine
(4.03 ng/L), gemfibrozil (7.03 ng/L), ibuprofen &8. ng/L), lincomycin (4.28 ng/L), naproxen (6.32/l0g
Paraxanthine (1,7-dimethylxanthine; 46.2 ng/L), fadilmethoxine (0.94 ng/L), sulfamerazine (0.92 ng/L
sulfamethazine (0.92 ng/L), sulfamethoxazole (26ddL), sulfathiazole (0.92 ng/L), triclocarban (8.1g/L),
trimethoprim (5.15 ng/L), and tyrosine (3.75 ng/Concentrations of PPCPs varied significantly amsagpling
times and locations (river mouth vs offshore), véthtistical interactions between the main effeftsite and time
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as well as time and location. Concentrations of P$@id not differ with site or depth. Temperatuctal carbon,

total dissolved solids, dissolved oxygen, and amomnconcentrations were related to total pharmacaiut
concentrations. These data indicate that PPCPsbégiaitous and persistent in southern Lake Michjgaotentially

posing harmful effects to aquatic organisms (Fesguet al., 2013).

Antipsychotics

In the past decade, there have been increasing@nover the effects of pharmaceutical compoumdiseé aquatic
environment, however very little is known about #féects of antidepressants such as the seleativaosin re-
uptake inhibitors (SSRIs). Many biological functsowithin invertebrates are under the control ob&erin, such as
reproduction, metabolism, molting and behavior. €fects of serotonin and fluoxetine have recehtégn shown
to alter the behavior of the marine amphipod, Bopgimmarus marinus. It has been reported that ftirexeind
sertraline have a significant impact on the behawiod neurophysiology of this amphipod at environtaly

relevant concentrations with effects observed aétatively short periods of time.

Doramectin (DOR), metronidazole (MET), florfenic@LO), and oxytetracycline (OXT) are among the most
widely used veterinary drugs in animal husbandrynoaquaculture. Contamination of the environmepntttese
pharmaceuticals has given cause for concern inntegears. Even though their toxicity has been thghty
analyzed, knowledge of their ecotoxicity is siithited. Kotodziejska et al. (2013) investigatedittaguatic toxicity
using tests with marine bacteria (Vibrio fischegjeen algae (Scenedesmus vacuolatus), duckweeathé_minor)
and crustaceans (Daphnia magna). All the Eco ttogical tests were supported by chemical analysehfirm
the exposure concentrations of the pharmaceuticsdsl in the toxicity experiments, since deviatiérmsn the
nominal concentration can result in underestimatibbiological effects. It was found that OXT and@ have a
stronger adverse effect on duckweed (EC50=3.262a98imgL(-1) respectively) and green algae (EC50440d
18.0mgL(-1)) than on bacteria (EC50=108 and 29.4@1g) and crustaceans (EC50=114 and 337mgL(-1)),
whereas MET did not exhibit any adverse effecthia tested concentration range. For DOR a very |@BEof
6.37x10(-5)mgL(-1) towards D. magna was determimddch is five orders of magnitude lower than valk@own

for the toxic reference compound K2Cr207. The ddtaw the strong influence of certain veterinarygdron
aguatic organisms and contribute to a sound assessoh the environmental hazards posed by commoséd
pharmaceuticals.

Gonzélez Alonso et al., (2010) investigated thesgmee of different psychoactive pharmaceuticalsraathbolites
in the main rivers of Madrid metropolitan area:alaa, Manzanares, Guadarrama, Henares and TajoliBgnvpas
done downstream of ten sewage treatment plants)(8iEBharging into these rivers. Control pointstrgem of
STPs discharge points were also sampled. Pharnmeslecompounds and metabolites for analysis welectsd
according to human consumption and prescriptioesrat Madrid, and the availability of valid techaés for
detection. We observed residues of the antidepnesflaoxetine (80% of the sampling sites), citatop (60%) and
venlafaxine (100%), the anxiolytics nordiazepamf9Qoxazepam (80%) and 7-aminoflunitrazepam (1086¢)tae
anticonvulsant carabamazepine (70%). Measured otate@ns equalled or exceeded those reported tioero
geographical areas, although there is a pronoulac&df information for the anxiolytics and venlgifiae. This is of
special concern given that Wyeth-Ayerst's venlafaxiEffexor, was the 10th greatest selling pharmunaca
worldwide in 2006. We conclude that the origin dlapmaceutical pollution in the rivers of Madridrsinly the
discharge of sewage treatment plants in Madridisapelitan area and a comprehensive monitoring narmgshould
be implemented.

Letzel et al., (2010) investigated the occurrenod &ate of ritalinic acid - the main human metateolof the
psychostimulant drug methylphenidate - in the aquatvironment, a HPLC-electrospray-MS/MS methodtfe
quantification of ritalinic acid in wastewater, fage water and bank filtrate was developed. Carlzapiae known
as very stable in the aquatic environment was aedlyas anthropogenic marker in parallel. Furtheemtre
removal of ritalinic acid was studied in a sewagmtment plant using an activated sludge systermgluar field
study and in lab-scale plants. In good agreememidsn lab-scale and field studies a low remova cdit13% and
23%, respectively, was determined. As a consequdéineeoncentration of ritalinic acid in the waséter effluents
were in the range of <50-170 ngL(-1) which corresfmto a mean specific load per capita of 1igd(-1). Ritalinic
acid has further been detected in German riveratentrations of 4-23 ngL(-1) and in bank filtra@mples in
100-850 m distance from the river up to 5 ngL(-&éjndnstrating the widespread occurrence of thidestabtabolite
in the aquatic environment. A comparison to avddaales data shows that a significant amount d¢fiyhghenidate
applied can be found in waters as ritalinic acid.

73



B. Lakshmi Prasanna et al J. Chem. Pharm. Res., 2015, 7(4):71-79

Cytotoxic drugs

Cytostatic drugs have been widely used for chemmathe for decades. However, many of them have been
categorized as carcinogenic, mutagenic and teratbggmpounds, triggering widespread concerns abueit
occupational exposure and Eco toxicological riskghe environment. Past records have documentetinfis
mainly on hospital effluents though little effora$ been directed to household discharges. Thexksasa lack in
physico-chemical data for forecasting the chemoadyios of cytostatic in natural waters along with ltuman
metabolites and environmental transformation préglua this light, obtaining comprehensive Eco tityi data is
becoming pressingly crucial to determine their acimpacts on the ecosystem. Literature review atseals
urinary excretion as a major contributor to varigytostatic residues appeared in the water cydesueh, engaging
urine source-separation as a part of control gyateolds a rosy prospect of addressing the "emgtgin
contamination issue. State-of-the-art treatmenhrtelogies should be incorporated to further remoymstatic
residues from the source-separating urine stredmm bEnefits, limitations and trends of developnieihis domain
are covered for membrane bio-reactor, reverse/favesmosis and advanced oxidation processes. [Retdpt
respective seeming advantages of source separatidntreatment technology, a combined strategy nuey- c
effectively prevent the cytostatic residues frorepreg into the environment. However, the combimatalls for
further evaluation on the associated technolog&mtjal-economic and administrative issues at H@hdng et al.,
2013).

Anti-tumor agents and their metabolites are largelgreted into effluent, along with other pharmaioals. In the
past, investigations have focused on the inputaradysis of pharmaceuticals in surface and grouaigm The two
oxazaphosphorine compounds, cyclophosphamide agfaifide are important cytostatic drugs used in the
chemotherapy of cancer and in the treatment ofimumtone diseases. Their mechanism of action, inaglvi
metabolic activation and unspecific alkylation afcfeophilic compounds, accounts for Geno toxic eatinogenic
effects described in the literature and is reasorefivironmental concern. The anti-tumor agentsopymsphamide
(CP) and ifosfamide (IF) were not biodegraded iadegradation tests. They were not eliminated in ioipal
sewage treatment plants. Degradation by photo a@yiformed HO radicals may be of some relevanag o
shallow, clear, and nitrate-rich water bodies butld be further exploited for elimination of thesempounds by
advanced oxidation processes, i.e. in a treatmiehbsgpital waste water. Therefore, CP and IF asuragd to
persist in the aquatic environment and to entarkilip water via surface water. The risk to humaosnfinput of
CP and IF into surface water is not known. The llaad regional, i.e. nationwide predicted environtaé
concentration (PEC(local), PEC(regional)) of CP #navas calculated for German surface water. Bothgounds
were measured in hospital effluents, and in thiuémt and effluent of a municipal treatment plakdditionally,
published concentrations in the effluent of sewagatment plants and surface water were useddkragssessment.
Excretion rates were taken into account. For a ta@ase scenario, maximum possible ingestion of €H dy
drinking 2 L a day of unprocessed surface water avde span of 70 years was calculated for ad@lisnination in
drinking water processing was neglected, as noidasgailable. This intake was compared with intelkkeing anti-
cancer treatment. CP and IF are carcinogens. \&#perct to newborn and children, reduction of thession of CP
and IF into effluent and surface water is recomneenat least as a precautionary measure. The doheat unused
and outdated drugs is a suitable measure. Collediopatients’ excreta as a measure of input remuds not
recommended. Data suitable for the assessmeneafsth for newborn and children should be colledétedrder to
perform a risk assessment for these groups. Thistiaulate discussion and give new insights irgh assessment
for pharmaceuticals in the environment. Our stugdyweed that in the long term, effective risk managetrfor the
reduction of the input of CP and IF are recommeledgemmerer and Al-Ahmad, 2010).

Cytostatic agents are applied in cancer therapy saribsequently excreted into hospital wastewater.these
substances are known to be carcinogenic, mutagemdctoxic for reproduction, they should be remowenn

wastewater at their source of origin. Lenz et @Q07) studied the fate and effects of the cantatiosplatinum
compounds (CPC) cisplatin, carboplatin, oxaliplatiafluorouracil (5-FU) and the anthracyclines daxucin,

daunorubicin and epirubicin were investigated irsgial wastewater. Wastewater from the in-patieeatment
ward of a hospital in Vienna was collected and noyed for the occurrence of the selected drugso@eit effects
of the oncologic wastewater were assessed befateafter wastewater treatment followed by a riskeasment.
Monitoring concentrations of the selected cytostati the oncologic wastewater were in line withccghted
concentrations. Due to different mechanisms (adswrpbiodegradation) in the MBR-system 5 - FU ahé

anthracyclines were removed < LOD, whereas CPC veammved by 60%. In parallel, Geno toxic effectaldde
reduced significantly by the MBR-system. The risk fiumans, the aquatic and terrestrial environrbgrtiospital
wastewater containing cytostatic drugs was classidis small in a preliminary risk assessment.
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Cytostatic drugs are used in cancer therapy. They enter hospital wastewater due to excretion diemts
undergoing chemotherapy. Little attention has heeid to these drugs in China even though their eisadnigh.
The effluents of 21 hospitals of different size Beijing, China, were investigated on 1-7 differelatys. Nine
cytostatic compounds (methotrexate, azathiopring@xodibicin, doxorubicinol, vincristine, ifosfamide,
cyclophosphamide, etoposide, and procarbazine) vemted. Of the 65 effluent samples analyzed, tleeliam
concentrations for methotrexate, azathioprine féfiméde, cyclophosphamide and etoposide were 17135, 100
and 42 ng/L, respectively. Doxorubicin, doxorubdatinvincristine and procarbazine were not deteatetthis study.
These results suggested that the hospital efflusmtsan important source of certain cytostatic grigaqueous
environment (Yin et al., 2010).

Besse et al., (2012) reported in their study carsidhe implications and research needs arising fraticancer
(also referred to as antineoplastic) drugs beingased into the aquatic environment, for the erttierapeutic
classes used: cytotoxic, cytostatic and endocrreapy drugs. A categorization approach, based r@mch

consumption amounts, allowed to highlight parentetigles and several metabolites on which furtheuoence
and ecotoxicological studies should be conductededtigations of consumption trends at a national a local
scale show an increase in the use of anticanceysdoetween 2004 and 2008, thus leading to increkeseads

released in the environment. It therefore appeacessary to continue surveying their presence rifacel waters
and in wastewater treatment plant (WWTP) efflueRisthermore, due to the rise of anticancer horeatiments,
most of the prescribed molecules are now availablown pharmacies. Consequently, hospital efflseare no
longer the main expected entry route of anticadeegs into the aquatic environment. Concerning tegaological

risks, current knowledge remains insufficient tpmaort a definitive conclusion. Risk posed by cykitamolecules
is still not well documented and it is not possitileconclude on their long-term effects on non¢aganisms. To
date, Eco toxicological effects have been asseassied standardized or in vitro assays. Such tesigetier may not
be suitable for anticancer drugs, and further walrkuld focus on full-life cycle or even multigentéoaal tests.
Environmental significance (i.e. occurrence anckaf) of cytostatic (protein kinases inhibitors andnoclonal
antibodies), if any, is not documented. Proteirakas inhibitors, in particular, deserve furtherestigation due to
their universal mode of action. Finally, concerniegdocrine therapy drugs, molecules such as amtigst

Tamoxifen and its active metabolites, could beasfaern. Overall, to accurately assess the Ecodtogeal risk of

anticancer drugs, we discuss the need to break fraaytests on isolated molecules and to test effetmixtures
at the low ng.I(-1) range.

Martin et al., (2011) developed a method, basedsolid-phase extraction prior to high-performancguikil
chromatography-triple quadrupole mass spectromefeyermination, was optimized and validated for the
simultaneous determination of some (14) of the nvasely used cytostatic drugs in river water, iefi and
effluent wastewater. Process efficiency was inrdrge between 41 and 99% in real samples, excepyfarabine
(24%), docetaxel (17%) and methotrexate (30%),tdwseippression effects; precision values were <Xkbdtept for
gemcitabine (up to 19%); and detection limits wieréhe range between 0.1 and 38 ng/L. Cytarabioroiibicin,
etoposide, gemcitabine, iphosphamide and vinorelliare found at concentration levels up to 14 ng/influent
and effluent wastewater, showing an insignificaetréase during sewage treatment; cytarabine andiigdine
were found in effluent wastewater and were alseatet in river water associated with effluent désdes.

Although antibiotics have been used in large gtiastifor some decades, until recently the existesfcthese
substances in the environment has received littee. It is only in recent years that a more camphvestigation
of antibiotic substances has been undertaken iardodpermit an assessment of the environmente tlsey may
pose. Within the last decade, an increasing nurmbstudies covering antibiotic input, occurrencgefand effects
have been published. Antibiotics are one of thetrimoportant groups of pharmaceuticals. Antibiotsistance is
one of the major challenges for human medicine eetrinary medicine. However, there is still a laak

understanding and knowledge about sources, presencsignificance of resistance of bacteria againgbiotics in

the aquatic environment despite the numerous stugéeformed. This review summarizes this topicndines
important open questions and addresses some sagmtifissues which must be tackled in the futureafdretter
understanding of resistance related to antibidgticke environment (Kimmerer, 2009).

Over the past few years, antibiotics have beenidered emerging pollutants due to their continuoymit and

persistence in the aquatic ecosystem even at lomcettrations. They have been detected worldwide in
environmental matrices, indicating their ineffeetivemoval from water and wastewater using conveatio
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treatment methods. To prevent this contaminati@veral processes to degrade/remove antibiotics haesn
studied (Homem and Santos, 2011).

The mass flows of fluoroquinolone antibacterialr#ggFQs) were investigated in the aqueous compeatsrof the
Glatt Valley Watershed, a densely populated regiorBwitzerland. The major human-use FQs consumed in
Switzerland, ciprofloxacin (CIP) and norfloxacin@R), were determined in municipal wastewater efftseand in
the receiving surface water, the Glatt River. lidiial concentrations in raw sewage and in final texzater
effluents ranged from 255 to 568 ng/L and from 86106 ng/L, respectively. In the Glatt River, th@swere
present at concentrations below 19 ng/L. The remof/&Qs from the water stream during wastewateatment
was between 79 and 87%. During the studied sumregoqy FQs in the dissolved fraction were signifitta
reduced downstream in the Glatt River (15-20 hdexste time) (66% for CIP and 48% for NOR). Thuseraf
wastewater treatment, transport in rivers causegaddtitional decrease of residual levels of FQshi& aquatic
environment. Refined predicted environmental cotre¢ions for the study area compare favorably wite
measured environmental concentrations (MEC) obthinehe monitoring study. Total measured FQ cotregions
occurring in the examined aguatic compartmentshefGlatt Valley Watershed were related to acuteosaaty
data from the literature. The risk quotients obtdifMEC/PNEC < 1) following the recommendationstloé
European guidelines or draft documents suggest gtobability for adverse effects of the occurrii@s, either on
microbial activity in WWTPs or on algae, daphniagdish in surface waters (Golet et al., 2002).

Research has quite extensively studied the presgraaibiotics in the environment. As for otherapmaceuticals,
it has been found that the concentrations of astiits measured in different countries are in theesaange of
concentrations in the different compartments sucheavage and surface water, respectively (BattAayad 2005;
Botitsi et al., 2007; Hernandez et al., 2007; Chanhagl., 2008; Peng et al., 2008; Duong et al.8200artins et al.,
2008). In general, concentrations were in the higteeper-litre range in hospital effluent, in thevér pg-per-litre
range in municipal waste water, and in the highet lawer pg-per-litre range in different surfaceteva, ground
water and sea water in a harbour (Xu et al., 200F3ses of sulphonamide antibiotics from grasslend brook
after application of manure were strongly influenbgdhe weather conditions (Stoob et al., 2007 ¢bmpounds
that have been analyzed up to now are from a numbdifferent important classes of antibiotics. yheclude

primarily macrolides, aminoglycosides, tetracyctinsulphonamides and quinolones. Quinolones (cgptadin

most often analysed) and other pharmaceuticals baee detected in the effluents of hospitals (Hamtmet al.,
1998; Brown et al., 2006; Thomas et al., 2007; Ruenhal., 2008; Martins et al., 2008 ) up to a lpgper-litre

range.

The occurrence of 3-lactams, has not been coveegdédntly, despite the fact that 3-lactams acctmrriy far the
highest proportion of consumption (Farber, 2002;igian et al., 2003). It is not clear whether tlaeg not present
in the aquatic environment because of the possielvage of the [ -lactam ring, whether this findsndue to the
fact that they have not been analysed, or whethisrdue to possible analytical short comings affficdlties. In
one study B-lactams were detected in the lower grdipe range in hospital effluent and in the influ®f a
municipal STP (Christian et al., 2003). The coniins found for R-lactams are low compared to dhes
expected from the extensive use of R-lactams. Aatids have also rarely been found in drinking watée et al.,
2007).

The elimination of organic trace compounds in mipgcwastewater was analysed at three German wattew
treatment plants. Additionally, the effects of aded treatment, membrane filtration, adsorption exidiation
processes were investigated. To assess the edotafieffluents, a number of tools were used: sahse-specific
evaluation, case studies for combined effects mhdassessment on the basis of cumulative parasndtbe results
of the research projects revealed that aquaticremviental risks can be reduced significantly usilyanced
treatment technologies for wastewater treatmemitplgschwatter et al., 2007).

A large fraction of PAC pollution in water is congsal of anti-inflammatory (Al) and analgesic (ANuds, which
are rapidly excreted in urine. Ziylan and Ince,20emphasized the occurrence of AlI/AN wastes image and
fresh water bodies, their impacts on non-targeaioiggns, and conversion or elimination by chemibalchemical
and physical treatment methods. The first parhefdtudy is devoted to a critical review of mostnamon Al/AN
drugs and the relative efficiency of some selectedage and drinking water treatment operationsttieir
elimination/separation from aqueous systems. Therskpart focuses on pilot- or lab-scale applicetiof various
advanced oxidation processes that are promisingigo$ to the ultimate degradation and/or conversb such
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medical residues in effluents of drinking wateratreent plants (DWTPs) and wastewater treatmenttgplan
(WWTPSs) to less harmful and non-toxic products.

In another study, occurrence of five non-steroidafi-inflammatory drugs (salicylic acid, ibuprofenmaproxen,
indomethacin and diclofenac) and three lipid reguta (bezafibrate, clofibric acid and gemfibrozilyas
investigated in wastewater, sewage sludge, and weaéer of the urban section of the Pearl RiveGaangzhou in
South China. Behavior and fate of the pharmacdstiharing treatment in two sewage treatment plg&Tds) were
also studied in depth by determining concentrationthe influents and effluents at major treatmenits and the
sewage sludge. Concentrations of the pharmacesiiitahe raw wastewater were mostly at ng L(-1elsexcept
salicylic acid whose concentrations ranged fromt8.83.3ug L(-1). No significant amount of the pharmaceutica
was detected in the suspended particulate mattgastewater and sewage sludge. Salicylic acid nredbacin, and
naproxen were almost completely removed99%); gemfibrozil, ibuprofen and bezafibrate weignificantly
removed (>75%), whereas diclofenac and clofibrid agere removed by 60-70% during treatment in tAi@$S
Generally, biodegradation was the governing profasslimination of the investigated pharmaceusc#lnaerobic
biodegradation was responsible for most of the r&hof diclofenac whereas aerobic biodegradatiso alayed an
important role in elimination of the other pharmatigals except SA, which was nearly completely reetbafter
the anoxic process. In the Pearl River, the phaeoiézals were widely detected. Both the concemnatiand
detection frequency were higher in March 2008 ttferse in the other seasons, which may be ascritzalyrto
less dilution caused by lower precipitation. Besitlee STPs, urban canals directly connected wihParl River
may also be important contributors to the pharmtcglucontamination in the river (Huang et al., 2D1

In another study it is reported that, In Spainjrasnost of its neighbouring countries, there isetgvated use of
pharmaceuticals for the treatment of cardiovasatiseases (which are extremely prevalent amonglther adult
population) and anti-inflammatory medications, whiare obtainable over the counter without a medical
prescription. This study therefore sought to deteento what degree pharmaceuticals with the highegional
prescription and/or use rates, such as cardiovasaenld analgesic/anti-inflammatory/antipyretic ncatibns, were
present in the principal rivers (Jarama, Manzandesdarrama, Henares and Tagus) and tap-watelesufithe
Madrid Region (MR). Samples were taken downstre@ardischarge of 10 of the most important regiomBsSand
the most frequently used drugs in the region weralysed for. Of the 24 drugs analysed, 21 werectiedeat
concentrations ranging from 2 ng!lto 18 ug L™ The highest drug concentrations correspondethuprofen,
diclofenac, naproxen, atenolol, frusemide (furosk)i gemfibrozil and hydrochlorthiazide, and in moases
exceeded the amounts reported in the scientifegatitire. No traces of these groups of pharmacésitigare
detected in the drinking water analysed. On thdsbak the high concentrations detected, we belithat an
environmental surveillance system should be impldeete to assess the continuous discharge of these
pharmaceuticals and their possible Eco toxicoldgifi@cts. At the same time, efforts to raise theueness of the
public about responsible use and the proper dispfsauch substances at purpose-designated coliegints
should be increased. Furthermore sewage treatmenégses should be suitably adapted to increaseatbg of
removal of these drugs (Valcarcel et al., 2011).

The occurrence of the antihistamines cetirizineivastine, fexofenadine, loratadine, desloratagind ebastine in
sewage treatment plants wastewaters and in retipien waters was studied. The analytical proceciansisted of
solid-phase extraction of the water samples folldbe liquid chromatography separation and detedtiypa triple-
guadrupole mass spectrometer in the multiple r@actiode. Antihistamines are poorly degraded/eliteidainder
the biological treatment processes applied in thestewater treatment plants and, consequently, trey
continuously being discharged along with other drimgthe aquatic environment (Kosonen and Kront0g9).

In one research the four most abundantly used prauticals in Korea, namely acetaminophen, carbapize,
cimetidine, and diltiazem, and six sulfonamide tedlaantibiotics, including sulfamethoxazole, sutfacpyridazine,
sulfathiazole, sulfamethazine, sulfadimethoxined simethoprim were examined for their acute aquatixicity
employing a marine bacterium (Vibrio fischeri), medhwater invertebrate (Daphnia magna), and thangse
medaka fish (Oryzias latipes). In general, Daptwiées the most susceptible among the test organishes most
acutely toxic among the chemicals tested in thidystvas diltiazem, with a median lethal concentratif 8.2 mg/L
for D. magna. The resulting acute toxicity of thegdmrmaceuticals was reasonably predicted by pbgisemical
descriptors such as pH-dependent distribution meft and EHOMO-ELUMO gap. Predicted environmental
concentrations (PECs) derived for the test pharotaxds in Korea ranged between 0.14 and 16.5 miktro
Hazard quotients derived from PECs and predicteceffect concentrations (PNECs) for sulfamethoxazoie
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acetaminophen were 6.3 and 1.8, respectively, stiggepotential environmental concerns and a needuither
investigation (Kim et al., 2007).

Acetaminophen (paracetamol) and acetylsalycylid #8iSA) are the two most popular pain killers mgisbld as
OTC drugs. In Germany, the total quantities of ASAd per year have been estimated at 500 tomra€3e2001).
Nevertheless, other analgesics such as diclofemadbuprofen sold in Germany at annual quantities of
approximately 75 and 180 tons, respectively (Ter@881), have been recognized as being more impdita the
water-cycle. ASA was detected at a median concaoiraf only 0.22 g/ lin sewage effluents in GenpéTernes,
1998). In the same study, the median concentratidxSA in surface water samples was below the dietedimits.
The occurrence and behavior of carbamazepine (®B®) investigated in aquatic environment of YandReer
Delta, East China. The water samples were enritlyesblid-phase extraction and analyzed by highgyerance
liquid chromatography with diode array detectore Malidation of the analytical method included &rigy (0.1-1
mg/L), recovery studies, and determination of lgrof quantification. Limits of quantification of @Bin various
aquatic samples were in the range of 0.1p@/2. CBZ was detected in the Tongji University brtrural River, the
Huangpu River, and the Suzhou River with the higlescentration of 1,090 ng/L, but not detectedthe
Nanhengyin River and the Caojia River. In sewag¢ewvaamples, CBZ was not detected in one of theagew
treatment plants (STPs) but was detected in theinflwents and effluents at the other three sete@dPs in
Shanghai, with the concentrations ranging from 23Q01,110 ng/L. CBZ was not completely eliminatedeaf
secondary treatment (Zhou et al., 2011).

CONCLUSION

As a huge quantity and variety of drugs and theitaholites are continuously discharged to rivexs the sea, the
compounds should be considered as contaminantsnidnaipossess risks to the aquatic ecosystem. Figthdies
are urgently needed on the environmental fate ef wrious drugs and other pharmaceuticals in thetaq
environment. These studies should be concernedthatistability of the compounds, their transformiatieactions
and the identity of the transformation productg dlistribution of drugs and their uptake and efféntorganisms.
On the basis of these studies, the possible envieotal hazards of pharmaceuticals may be assessed.
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