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ABSTRACT

Many pollutants such as pharmaceuticals and thaiistormation products (TPs) are
not efficiently removed from wastewater treatmefdnfs and enter into surface
waters. The aim of this study was to investigate ¢iccurrence and behavior of
metformin, one of the most prescribed drugs wortthyi and its biological
transformation product guanylurea, in eight wastewaeatment plants (WWTPSs) of
Greece. All WWTPs were equipped with conventioriivated sludge treatment and
the samples were taken from the influents and ttheeats, over the four seasons of
one year. The analytical method developed base8Rin followed by LC-UV/Vis-
ESI/MS analysis, while positive findings were comfed also by means of LTQ
Orbitrap mass spectrometer. High polarity of bodimpounds led to the extraction
with Oasis HLB and the use of the anionic surfac®DS. The results showed that
metformin dominated in the influents (bqgl-1167 ng/Wwhile guanylurea in the
effluents (bqgl-627 ng/L) of the wastewater treatierplants, with
Metformin/Guanylurea ratio ranging between 0.88 &id3 in the influents and
between 0.005 and 0.78 in the effluents. Lack alemr seasonal tendency in the
occurrence and removal or formation was observetlliy, an ecotoxicological risk
assessment of metformin in effluent wastewaterk faace by calculating the ratio
between the environmental concentrations (MEC) #mel predicted no effect
concentrations (PNEC). Despite the fact that metiiorpresented low risk in all
cases, an environmental concern is suspected fnyuea since it is continuously
released into the aquatic environment.

Keywords: Guanylurea, Metformin, Occurrence, Removals, Rig&sessment,
Wastewaters
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1. Introduction

In recent years, there have been a number of wseaticles and reviews dealing
with the environmental occurrence, distribution drahsport at national, European
and worldwide scale of a vast array of pharmaceldim aquatic environment. In this
light, many high production volume medicines lfkélockers, analgesics, antibiotics,
lipid regulators, anti-inflammatories, and X-raynt@sts etc have been increasingly
documented in groundwater, surface waters and wattes (Al-Qaim et al., 2014,
Carmona et al., 2014; Gros et al., 2013; Kosmal.et2810; Kosma et al., 2014;
Padhye et al., 2014; Stamatis et al., 2013; Stamatid Konstantinou, 2013).
However, antidiabetic drugs, which are among thetmadely used pharmaceutical
compounds, have received less attention. The nurmabgreople suffering from
diabetes, a very common glucose-metabolic diseassyunts for more than 200
million on a worldwide scale. Hence, antidiabetitigs are widely used for the
treatment of this chronic disease and consequetitgy are continuously being
released into the environment through wastewatschdrges from wastewater
treatment plants. Interestingly, despite their hpglscription rates and consumption
volumes, up to date, little work has been conduotethe presence of antidiabetics in
waters and wastewaters. Expectantly, the mosttattehas been given to metformin,
which is the first line drug of choice used for threatment of diabetes mellitus type I
and is excreted non metabolized in the urine. Imesgountries Metformin is in the
top twenty list of prescribed, produced and enwvinentally loaded pharmaceutically
active compounds and it is ranked number one insnh@ading (1.10 x10kg/yr)
(Dong et al., 2013). Its consumption increased @hirland and in Western Europe,
with 26 % between 2008 and 2012 and is expectagtde in the near future (ter

Laak and Baken, 2014). Thus, not surprisingly, oretin has been detected in
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surface water, in concentrations up tou2@. as well as in wastewater treatment plant
influent and effluent up to 129 and 4d/L, respectively (Blair et al., 2013a; Blair et
al., 2013b; ter Laak and Baken, 2014).

Until recently, relatively little work has been ahrcted on the environmental fate and
distribution of metformin. Two recent works (Scheuet al., 2012; Trautwein and
Kimmerer, 2011), suggested that metformin is bicklty transformed in activated
sludge to the transformation product, known as yuaea. Other studies
demonstrated that because of their incomplete dagom and removal during
wastewater treatment both compounds are expectednisiderable amounts (up to
several tens of mg/L) into effluents (see Fig.1 i§.61 (Supplementary Data)) and
consequently into receiving waters. FurthermorelL&ak and Baken (2014) reported
that concentrations of metformin and guanylureatiogyr, account for more than half
of the total load of pharmaceuticals in surfaceansatDue to the high environmental
loading and the limited number of investigations thie environmental fate and
occurrence of this group of bioactive compoundsrdased knowledge is strongly
recommended. Therefore, local research studies willa key source of data to
provide a better understanding of their behaviavastewaters and water resources.
In view of the scarce data on the occurrence ofdiametics in the aquatic
environment, the aim of this work was: (1) to coelmnsively investigate the
simultaneous occurrence of metformin and its aerobiacterial dead-end TP,
guanylurea, in eight WWTPs in Greece, by means ©@fUV/Vis-ESI/MS and LC-
MS/LTQ Orbitrap systems, during one year monitofoiggram, (2) to evaluate the
removal efficiencies across various types of WWTB¥to provide a risk analysis in
order to assess and compare the potential enviniamask of various types of

wastewaters (hospital and municipal effluents) tasadifferent aquatic organisms,
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(algae, daphnids fish) through the calculation isk quotients (Gros et al., 2010;
Kosma et al., 2014; Valcércel et al., 2011; Zhiaal.e 2010).

To the present state of knowledge this is the fimste that the simultaneous
occurrence of these substances, is investigate@raek aquatic environment and
especially in conventional wastewater treatmenntglain addition, only a limited
amount of information has been currently producedh® occurrence of guanylurea
in WWTPs worldwide (Blair et al., 2013b; Oosterheisal., 2013; Scheurer et al.,

2009, 2012; Trautwein and Kimmerer, 2011).

2. Materialsand Methods

2.1 Chemicals and reagents

Metformin hydrochloride was purchased from Promoch{&esel, Germany), while
guanylurea was purchased from Sigma-Aldrich (Semh Germany). Methanol and
acetone were obtained from Pestiscan (Labscan, Dtdlin, Ireland) and anhydrous
sodium sulfate from Merck (Darmstadt, Germany). tAoérile (ACN) and water (for

chromatographic analysis, LC-MS grade) were reckim Fisher Scientific

(Leicestershire, UK). Formic acid (purity, 98-100),%vas obtained from Merck
KGaA (Darmstadt, Germany) and Sodium Dodecyl Sel{&DS), was obtained from
Sigma-Aldrich (Steinheim, Germany). Oasis HLB (20@, 6 cc) were purchased

from Waters Corporation (Milford, MA, U.S.A.). Stod 000 mg/L solutions of each

pharmaceutical were prepared in methanol and stare@00C. A mixture of the
compounds was prepared by appropriate dilutionndividual stock solutions in
methanol-water (50-50 v/v). Physicochemical praperbf metformin hydrochloride

and guanylurea are listed in Table 1.
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2.2 Sampling and sample preparation

Influent and effluent samples were collected al@0d0-2011. They were obtained
from eight WWTPs (7 municipal WWTPs and 1 hosptANTP), from various cities
(loannina City, loannina Hospital, Arta, PrevezayriAio, Grevena, Kozani, Veroia),
in N.W. Greece (Epirus, Macedonia, AitoloakarnaniaJl municipal WWTPs
investigated are equipped with primary treatmenmit (gmoval) and conventional
activated sludge secondary treatment with dera&dion/nitrification, removal of
phosphorous and a final disinfection step. Thedsmtention times (SRTs) and the
hydraulic retention times (HRTSs) of the WWTPs vastween 1-28 days and 1.5-39
hours, respectively. loannina City WWTP is the legigplant, servicing a municipal
area with 100,000 inhabitants, and uses sand sfileer a polishing step before
disinfection. loannina City receives also industwastewaters as well as the effluent
wastewaters from the WWTP of the Hospital which aasapacity of 800 beds. The
rest of the plants are smaller and serve populstioetween 20,000 and 90,000
inhabitants. Detailed description of the eight WVgTdan be found elsewhere (Kosma
et al., 2014).

All samples were taken over a 24-hour period (casiiposamples). Amber glass
bottles, which were prerinsed with deionized wateste used for the collection of the
samples and after the sampling the bottles were edmtely transport to the
laboratory and filtered with im glass fiber filters GF/B (Whatman, UK). Then the
samples were kept in the dark at 4 °C and extragithon 48 h (Kosma et al., 2014).
Initially, a previous SPE procedure was appliednder to evaluate the efficiency of
this process. Briefly, Oasis HLB cartridges weregendiotioned with 5 mL of
methanol and 5 mL of HPLC-grade water. Sample atisjof 400 mL, without pH

adjustment, were loaded into the cartridge at w flate of 10 mL/min and washed



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

with 5 mL of HPLC-grade water. The cartridges weried under vacuum for 10 min.
Elution step was done with 2 x 5 mL of methanollanL/min. Next, the extracts
were dried over anhydrous sodium sulfate and uadggntle stream of nitrogen until
dryness and finally, refilled with 0.5 mL of metlwnvater, 50:50 (v/v) (Kosma et al.,
2014).

According to the results, very low recoveries welgained for metformin and
guanylurea, respectively. This fact may be attedutto their physicochemical
properties (high polarity, low molecular weightghipKa), which may lead in low
recoveries, when applying conventional methods.fdletin recoveries were also
found to be very low in previous studies by perforgn similar preparation
methodologies (Al-Odaini et al., 2010; Cahill et 2004).

So, taking into consideration all the above andrater to achieve better recoveries for
these two compounds, aqueous solution of aniomfaciant SDS (Sodium Dodecyl
Sulfate) was used. In general, in order to imprtwe recoveries of polar organic
compounds, ion-pair (IP) reagent is used duringstbled phase extraction analysis
(AbuRuz et al., 2005; Gaurav et al., 2008; Keal &winogyi, 1986; Martin et al.,
2012).

For this purpose, Oasis HLB cartridges were preditmmed with 5 mL of methanol,
5 mL of HPLC-grade water and 5 mL of aqueous 2mNM5S&lution. Next, 400 mL
of the sample, without pH adjustment, were loaded ihe cartridge, at a flow rate of
10 mL/min, washed with 5 ml of HPLC-grade water ahigd under vacuum for 10
min. The analytes were eluted with 2 x 5 mL of maethl at 1 mL/min. The extracts
were dried over anhydrous sodium sulphate and tneser a gentle stream of
nitrogen until dryness and finally, reconstitutetiwd.5 mL of methanol:water, 50:50

(v/v) and stored at -20 °C until being analyzed.
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2.3 Instrumentation

A LC-UV/NVis-ESI/MS system from Shimadzu (Kyoto, Zay), was used for the
determination of metformin and guanylurea in wastiens. A SIL 20A autosampler
(injection volume, 2QuL) and a LC-20AB pump were used, while separatibthe
compounds was achieved with gg(Restek, USA) analytical column (150 x 4.6 mm,
5 um). The SPD 20A UV-vis detector was coupled inesewith the LC-MS 2010EV
mass selective detector, which was equipped witatarospheric pressure ionization
source electrospray (ESI) interface. For the amalgthe samples, ESI interface in
positive ionization (PI) mode was used and the feqgtiiase contained of solvent (A)
water with 0.1% formic acid and solvent (B) acetolai with 0.1% formic acid using
gradient as follows: Initial conditions 70 % A, kegnstant for 1 min, decreased to
40 % in 4 min, decreased to 0 % in 4 min, retuonthé initial conditions after 1 min
and re-equilibration time was set at 2 min. Thevfl@ate was 0.5 mL/min and the
column temperature was set at 40 °C. Mass parasngieh as drying gas, nebulizing
pressure, capillary voltage and fragmentation galtavere 10 L/min at 200 °C, 100
psi, 4500 V and 5 V, respectively. Quantitativelgsia was performed in selected ion
monitoring (SIM) mode and for each compound thewrsor molecular ion [M + H],
and at least one confirming ion was acquired (T&bleé~or the identification of the
analytes both the retention time (within 2.5 %) amakss spectrum were matched with
the standards (Kosma et al., 2014).

Next, for further confirmation of positive findingsf metformin and guanylurea,
liquid chromatography coupled to a high resolut@rbitrap mass spectrometer was
used (Thermo Fischer Scientific, Bremen, Germafggela AS autosampler, Accela

Pump and a Thermo hypersil gold column (150 x 2m, fium) were used for the



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

separation of the compounds. Capillary voltagegetldns voltage, sheath gas flow
rate, auxiliary gas flow rate and capillary tempera were set at 40 V, 110 V, 60
arbitrary units (au), 20 au and 350 °C, respedctivielll scan acquisition over a mass
range of 120-500 Da was performed at spray voltagekV and a resolution of
60,000. Data analysis was done by the Thermo Xaafiill software package. For the
identification of the compounds, their retentiomei, relative to that of the standards,
as well as their accurate mass (theoretical masswedched with the observed mass,
with mass window <5ppm) were taken into consideratFor the analysis in Pl mode
the mobile phase contained of solvent (A) watehwaitl% formic acid and solvent
(B) methanol with 0.1% formic acid using gradierst fallows: Initial conditions
100% A, decreased to 90% in 2 min, decreased toi6@4nin, then decreased to 0%
in 2 min, remain 0% for 1 min and finally returrsthe initial conditions after 2 min
with the re-equilibration of the column set at 3nmihe flow rate was set at 0.45
mL/min (Kosma et al., 2014). Elemental compositioatention time, exact and
measured accurate mass of the two compounds stualedvell as their MS/MS
fragment ions obtained, are given in Table 3. MS#feriments were carried out at

35eV.

2.4 Validation study

All the validation and quality assurance/qualityntrol studies performed according
to Kosma et al. (2014) and are given in Tables d @anMatrix matched calibration
curves were used for quantification, using influant effluent SPE extracts. Firstly,
blank samples of effluent and influent wastewateais analysed and positive findings
were subtracted from the spiked samples. Calibratioves were prepared with each

batch of 12 samples. In addition, in every batclafiples, two quality control (QC)
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samples were injected which were blank wastewatsmptes (previously analyzed)
spiked at LOQ and 10 times the LOQ level, respebtivQC recoveries were
considered satisfactory for all the tested samplesd were used for concentration
calculation.

Limits of detection (LODs), limits of quantificatio(LOQs), precision and signal
suppression are given in Table 4. LODs were 3.2 agd 4.6 ng/L in distilled water,
7.8 ng/L and 6.2 ng/L in influent wastewater antl Bg/L and 9.8 ng/L, in effluent
wastewater, for metformin and guanylurea, respelgtivFor the evaluation of ion
suppression or enhancement in the effluents, Bgwék applied. According to Eq
(), the peak areas from the native analytes irséimeple (area blank) were extracted
from the peak areas of spiked wastewater extracea (matrix) and compared to the
peak areas resulting from the solvent (area salveathanol-water 50:50, v/v) spiked
at the same level (Kosma et al., 2014). Both comgsypresented signal suppression,
which means that the signal intensity of the amslytecreased due to the ionization of

various coeluting substances (see Table 4).

% suppression/enhancement = 100- (((area matriaeak)*100)/area solvent) (1)

Mean recoveries are given in Table 5. Recoveriesheftarget compounds were
determined for different matrixes (distilled, inglot and effluent wastewaters) by
spiking the samples with the analytes at conceatraitof 0.2 and 2g/L. As influents

and effluents might contain already the target y@eal concentrations of the
respective unspiked samples were subtracted frontecdrations of the spiked
samples and then divided by the spiked level. Meaoveries ranged between 38.3

% in distilled water for metformin and 59.4 % irfleént wastewater for guanylurea,

10
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when spiking with 0.21g/L and between 40.7 % in distilled water for mation and

62.2 % in influent wastewater for metformin, wheksng with 2 ug/L.

3. Resultsand discussion

3.1 Occurrence of metformin and guanylurea in WWTPs and removal efficiencies

In the present study, the occurrence of metforraime of the most prescribed drugs
worldwide, in 64 influent and effluent wastewateangples was investigated.
Furthermore, the detection of the polar transfoiomatproduct of metformin,
guanylurea, took place, since it is known to beywecalcitrant and formed during
wastewater treatment (Oosterhuis et al., 2013; i8het al. 2012). The samples were
collected over the four seasons of a year (autudd® 2winter 2011, spring 2011 and
summer 2011) in eight Greek WWTPs. Table 6 indgdbe percentage of positive
findings, as well as the range and average coratenis of the selected compounds
in wastewaters.

As it can be seen it Table 6 both compounds wezsgnt in the influents. Metformin
was a very abundant compound in the influents founthe 97 % of the samples
analyzed. Influent concentrations of metformin rhgh municipal WWTPs from bql
to 573 ng/L, presenting maximum concentrationhie"WWTPs of Veroia (496 ng/L)
and Arta (357 ng/L), while the lowest concentrasiovere observed in the WWTPs of
Preveza (38 ng/L) and Agrinio (54 ng/L). In the Hital WWTP concentrations were
found between bgl and 1167 ng/L demostrating thagphials can be considered
hotspot sources for pharmaceutical emission inatipgatic environment. The levels
obtained are low compared to other WWTPs with hightban, industrial or medical
pressure (Blair et al., 2013b; Oosterhuis et @13 Sheurer et al., 2009, 2012;
Trautwein and Kimmerer, 2011; Van Nuijs et al.,@01n general, the concentration

variability of metformin from site-to-site could katributed to regional prescribing

11
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customs and usage fands, population density, ctntéXvater treatment technology
capabilities as well as seasonal and environmefitahtic conditions. For example,
in German WWTPs which serve much more populatian ¢apacity of 220,000 to
600,000 habitants-equivalent) than the WWTPs studie the present work (i.e
capacity of 15,000 to 100,000 habitants-equivalehf concentration of metformin
ranged between 18000 and 129000 ng/L (Sheurer. 08P; Sheurer et al. 2012;
Trautwein and Kimmerer, 2011). In Netherlands, ayerdetected concentrations of
metformin were up to 79000 ng/L in the influentsteb WWTPs (Oosterhuis et al.
2013). According to Oosterhuis et al. (2013) >3.5d¥%the Dutch population
consumes metformin and its high daily dose is 20@0d, while the consumption of
metformin in Netherlands exceeds the average Earogensumption. In Belgium,
metformin influent concentrations (18 WWTPs) meadubetween 20331 and 94311
ng/L (Van Nuijs et al., 2010). In Virginia-USA, @tar et al. (2010) developed a
model in order to estimate pharmaceutical loadang$ concentrations in influent and
effluent wastewaters of five WWTPs, taking into sigieration the highest predicted
mass loadings and the total population of UniteateSt as of 2008 (304 million).
According to the model, predicted concentrationsnetformin ranged between 3490
and 88000 ng/L in the influents of five WWTPs. Iddéion, Blair et al. (2013b),
found in the influent of a South Shore Water Reaaom Facility (SSWRF) in the
town Oak Creek, in Milwaukee, United States, metior concentrations ranging
between 3200 and 100000 ng/L. SSWRF services detagrarea of Milwaukee, has
a treatment capacity of 1,135,000/day with an average flow of approximately
379,000 nYday and it consists of preliminary treatment (¥ $@eens/grit channels),
primary treatment (16 primary clarifiers), activditsludge treatment (28 aeration

basins and 24 secondary clarifiers) and chloringinféiction (25-pass contact

12
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channels) (Blair et al., 2013b). As a consequeheecbncentration of metformin is
correlated to the wastewater treatment technologgalsility, the daily effluent
discharge flow (L/day) and the population densithe given site.

Furthermore, Shraim et al. (2012) reported highgerage concentrations of
metformin (15200 ng/L), in the influent of the WWT® Almadinah Almunawarah,
in Saudi Arabia. It is worth noticing that Almadmalmunawarah WWTP has a total
capacity of 300,000 ¥day and in addition to domestic sewage sometiraesives
partially treated industrial and medical wastewa{&hraim et al., 2012).

Conversely to previous mentioned findings, comparabncentrations of metformin
(between <bgl and 1568 ng/L) to our study was regbin a recent investigation
conducted in influents of WWTPs of Coimbra (Portigehich serves a population
close to loannina city (~140,000) (Santos et 81,3).

On the other hand, guanylurea was present in th& &% the influent samples, at
relatively low concentrations ranging between bt &9 ng/L. This may indicate, in
most of the cases, the fact that the long distéeteeen the cities and the WWTPs
results in the transformation of metformin by baetehat already exist in the sewer
system (Trautwein and Kimmerer, 2011). As it wasored elsewhere (Trautwein
and Kimmerer, 2011), guanylurea is formed by twbfbihlkylation at position 1 and
oxidative deamination at position 2 of metformimmiarly to metformin, guanylurea
presented lower concentrations in the influents tih@se reported in previous studies
(Sheurer et al., 2012; Trautwein and Kimmerer, 20IAe occurrence of metformin
and guanylurea in the influents was also confirrbgdthe Orbitrap mass analyzer
(Fig. 2).

In the effluents, metformin was present in 66 %tlué analyzed samples, while

guanylurea was present in higher percentage (78CHicentrations of metformin

13
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ranged between bgl and 26 ng/L, while guanylureeentrations ranged between bgl
and 627 ng/L. In general, metformin dominated i itifluents and guanylurea in the
effluents, highlighting the strong degree of metior biotransformation in WWTPs.
Effluent ratios of Metformin/Guanylurea ranged fr@®05 to 0.78, whereas influent
ratios were inversely related and ranged from @8&L.3 (Fig. S2). Comparatively to
previous findings, metformin was also found in Greestewater effluents at much
lower concentration values than those in wastewattuents of other sites. For
instance, metformin was present in the effluents V@82 TPs in Germany in
concentrations ranging from 760 to 26000 ng/L (S&eet al., 2009; Sheurer et al.,
2012; Trautwein and Kammerer, 2011). Oosterhuial.e2013) reported 1500 ng/L
of metformin in the effluents of two WWTPs in Netlads, whereas Ottmar et al.
(2010) estimated that concentrations of metfornainged between 870 and 44000
ng/L in the effluents of five WWTPs. FurthermorelaiB et al. (2013b) detected
metformin in concentrations between 640 and 47@f0Q,nn the effluents of a South
Shore Water Reclamation Facility (SSWRF) in Unit&dates. High average
concentrations (3190 ng/L) were also reported naiBhet al. (2012), in the effluent
of the WWTP of Almadinah Almunawarah, in Saudi Aeabinally, in accordance to
our study, low concentration or even traces wepented in effluent wastewaters in
Austria (253 ng/L, Martin et al., 2012) and in Kagatown in Malaysia, (16 ng/L, Al-
Odaini et al., 2010), respectively.

As regards the hospital influents, in a recentsvigrey, Santos et al. (2013) detected
metformin in the effluents of four different hosditWWTP (a university, a general, a
pediatric and a maternity) at concentrations ragd@iiam 4 to 4040 ng/L. The highest

concentration was detected in the maternity hospitd this fact may be attributed,

14
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according to the authors, to the high consumptiate rof metformin among
Portuguese population.

To sum up, the above mentioned data about occuwgrehenetformin, translate its
consumption pattern and number of the populatiowvese by each WWTP and
removal efficiencies of each WWTP, and as expehtghler metformin values were
obtained for WWTPs that serve higher populations.

As far as guanylurea concerns, in a recent studyst@huis et al., 2013) it was
detected in the effluents of one small WWTP in MNetdnds, in average
concentrations of 48000 ng/L. Furthermore, in thdest WWTP in Southern
Germany, Trautwein and Kummerer (2011) detectedhm influents and in the
effluents 400 ng/L and 1860 ng/L of guanylureapeesively.

From the results obtained in the present studynast of the cases, the increase of
guanylurea concentrations in the effluents, matcties decrease of metformin
concentration in the effluents. This statemenhiagreement with those reported by
Scheurer et al. (2012) were the removal of metformifive WWTPs in Germany
was directly related to the formation of guanylur@aanylurea was found to be very
stable in photolysis and as a consequence in $unég technical irradiation in
advanced water treatment, indicating that is ngpeeted to be eliminated in
wastewater and advanced water treatment (TrautaerKimmerer, 2011).

Box plots indicating removal efficiencies of metfin and the formation of
guanylurea in the eight WWTPs during the monitoripgriod are calculated
according to Kosma et al. (2014) and are shownign & Removal of metformin in
many cases was not feasible to be estimated dilne tiact that it was not detected in
the effluents. In the cases that metformin and gluaea concentrations were below

the limit of quantification, the removal/formatiomas calculated by matching the
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concentration with LOQ/2. Removal efficiencies oétformin ranged between 78 %
and 99 %. The WWTPs were operating normally dumtigsampling events, and
generally comparable removal efficiencies were olesk in almost all of them,
indicating small variations with respect to differecapabilities of the treatment
technologies (clarification, activated sludge, mhogal etc) and hydraulic retention
times (HRT) (1.5-39 h depending on the technologiy)e lowest removal was
observed in Preveza WWTP in winter, while the hgthe Grevena WWTP, also in
winter period. These values were similar to thosported for WWTPs sited in
Europe and USA that included primary and biologicaatment (Santos et al., 2013;
Scheurer et al., 2009, Trautwein and Kimmerer, R0Cbncerning the WWTP of
Preveza, the average removal efficiencies werenar@0%. It is difficult to reach a
clear quantitative conclusion on removal efficierafythis WWTP compared to the
others, since as Verlicchi et al., (2012) have joesly pointed out, many factors such
as configuration of the specific WWTP (C, N and dmoval, biological reactor
shape), operating conditions (SRT, HRT, pH, T, redonditions, etc.) and feeding
mode were shown to have pronounced effects onffleeeacy of WWTPs. Despite
of being less efficient than the other tested WWTRstformin removal values were
still much higher than those cited by Blair et(@013b) (median removal efficiencies
24 %) for North American WWTPs that included prefiary, primary and biological
treatment and chlorine disinfection.

On contrary to removals of metformin, noticeablf#edences were observed for the
formation of guanylurea through the tested WWTRsnfation ranged between 17
and 95%, observing the highest in hospital of Io@arcity, Grevena and Veroia
WWTPs. The lowest values were observed in Agrinl/WP which was about a half

of those obtained in almost all the rest of WWTWPariability ranges of guanylurea in
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the effluents reflected that, in general, its fotiora throughout the WWTPs can be
affectively minimized or promoted by a number oftéas (i.e temperature changes,
microbial activity and biological reactions, HRTudge retention etc) and therefore it
is difficult to explain pointedly the observed @ifénces.

In general, the high abundance of guanylurea iluait samples demonstrates the
high degree of metformin biotransformation in WWTPHowever, besides
biodegradation, adsorption to sludge (althoughsitexpected to be low for polar
compounds such as metformin) or some other abigliimination pathways of
metformin may exist in WWTPs. For instance, Domad &wad (1995), reported the
faculty of metformin to form stable complexes witleavy metals under specific
occasions, while Collin et al. (2004) reported thnation of eleven oxidation end-
products in radical induced oxidation of metforrmnaqueous aerated and deaerated
solutions. Furthermore, as in the case of guanglutlee elimination of metformin
could not be attributed in photolysis process (Twain and Kimmerer, 2011).
Another important issue for the removal of metfarns the passage through the
chlorination step, where it has been proven todog effective (Scheurer et al., 2012).
In the present study, the use of chlorine in thalfdisinfection step is applied in all
WWTPs, even in the WWTP of Kozani, were basicdiisee ultraviolet disinfection
filters are used, but are supported also by thatiaddof NaClO. Finally, we could
say that high metformin concentrations could benaex for untreated wastewaters,
while low metformin and high guanylurea concentmasi could be an index for
treated wastewaters (Scheurer et al., 2012).

Oosterhuis et al. (2013) related the consumptiometformin, and as a consequence
of guanylurea, to recovery in wastewaters (influemdl effluent) and surface waters,

in the city Ootmarsum of Netherlands. They conatutteat 82+52 % of the degraded
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metformin can be recovered as guanylurea in tHeegifs, considering the molecular
weight ratio of guanylurea and metformin. Furtherepyd87 % and 187 % of the
effluent load of guanylurea and metformin can beovered in the surface water,
respectively. This may attributed to the fact ttatly concentrations of metformin
reach four days retention in surface waters and asnsequence its concentrations
come from emissions with different ratio of metfannand guanylurea the previous

four days.

3.2. Seasonality

In order to examine seasonal trends in metformid guanylurea concentrations,
samples taken in autumn, winter, spring and summsge compared. According to
Fig. 4A, the highest values were observed in hakpifluent of loannina city and

Grevena WWTP influent in winter and in Veroia WWirPautumn (1167, 573 and
496 ng/L, respectively). On the opposite, the mummvalues were found in autumn,
winter and spring for Arta WWTP, Preveza WWTP araz&ni WWTP, respectively.

Considering all the measurements during the foopsiag periods (Fig. 4A), a clear
tendency in metformin concentrations of the unedatvastewaters could not be
established. These data are in agreement with rbsciption and use patterns of
metformin since antidiabetics are used for therapeneasons all over the year.
Occurrence of guanylurea in effluents (Fig. 4B) wesportionally correlated with the
concentrations of metformin in the influents, obggy the highest value in hospital
influents in winter.

As regards the removal efficiencies, seasonal tians in treatment of metformin

throughout the WWTPs were minimal in almost all teeted WWTPs (Fig. 5A).

Considering the exact date of sampling, averageteraperatures were &, 9°C,
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19 °C and 26°C for autumn, winter, spring and summer, respelgtiv€enerally
speaking, removal of many pharmaceuticals could ldss effective in lower
temperatures since at these conditions microbialigcand biological reactions are
reduced (Verlicchi et al., 2012). This trend wasacly observed in Preveza WWTP,
which achieved a removal close to 80% for both mumt@nd winter seasons but was
not noticed in the other WWTPs.

On the other hand, discrepancies were observefifimration of guanylurea between
the four sampling periods (Fig. 5B). For exampléhaugh, formation of guanylurea
decreased notably (~20%) in effluents of Agrinio WWWand hospital WWTP in
autumn, this pattern was not observed for the S&W/WéTPs in winter season. In
addition, higher formation was found for Veroia WWland Grevena WWTP in
winter and autumn and lower in spring and summkee dforementioned data showed
a lack of clear seasonal tendency. However, furtimestigations would be
interesting in order to complete the conclusionse lechieved and evaluate if there
are any environmental conditions (i.e temperaturanges) that could affect their

occurrence and removal or formation.

3.3 Environmental Risk Assessment

The occurrence of metformin and guanylurea in serfavaters (Al-Odaini et al.,
2010; Blair et al., 2013a; Kolpin et al., 2002; Maret al. 2012; Vulliet and Cren-
Olivé, 2011) comprises necessary to estimate fiaintial ecotoxicological risk in
environment. For this reason, risk quotients (R@eje determined in the effluent
wastewaters, for fish, daphnids and algae. Avalalmhformation regarding
ecotoxicological effects of metformin and guany&ie very limited (ter Laak and

Baken, 2014). For guanylurea it was not feasiblesiimate RQs due to the fact that
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there are no available data about its acute ornohrmxicity. RQs of metformin
calculated based on the acute toxicity data sirfu®nic toxicity data were not
available (Table 7). RQs are defined by the US BHRAther details on the calculation
of RQs can be found elsewhere (Kosma et al., 2014).

According to literature, no algal growth and midedbrespiration or change in
bacterial communities in streams biofilms, was pi®ad by metformin (Rosi-
Marshall et al., 2013). Metformin and guanylurearfd to be absorbed into plants,
leafs, seeds, grains, fruits, vegetables, and baadsproduced negative effects on
growth and development of carrots in soil conceimmabetween 6 and 10 mg/kg dw
(Eggen and Lillo, 2012).

Blair et al. (2013a) found that metformin posed legological risk in surface water.
In another study, Carlsson et al. (2006) repotted there are no acute environmental
effects for metformin, while no conclusion can bada for chronic toxicity effects
since there is a lack of experimental data. Intamidi Escher et al. (2011) reported no
ecotoxicological effect for metformin. In anothecent study, Santos et al. (2013)
calculated the hazard quotients (HQs) for metformieffluent wastewaters for fish,
daphnids and algae and resulted to pose low niskohtrast, Hanisch et al. (2004)
resulted in a potential risk for metformin hydromtidle in the aquatic environment
due to the fact that the ratio between PEC/PNECakasit 1 or higher.

Trautwein and Kimmerer (2011) reported that guaegpresented no toxic effects
on the bacterial community in a manometric resprsatest at a concentration of 11.9
mg/L. Furthermore, Gartiser et al. (2012) studtesl hutagenic activity of metformin
and guanylurea after testing inherent biodegrgbiéind/or after drinking water
ozonation experiments and concluded that none ef ¢bmpounds indicated

mutagenic effect.
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Fig. 6 represents RQ values calculated for metforfor acute toxicity, in three
trophic levels. As it can be seen in Fig. 6, ineadfluents RQ < 0.001 which means
that low risk is suspected for the three trophiels in the receiving water bodies of
the eight WWTPs. This was due to the fact that keffluent concentrations of
metformin were detected in all cases since its xa&ihmtes were very high. To the
authors knowledge this was the first time that exiablogy of metformin in the
effluents of WWTPs was assessed in Greek aquatisystem. Furthermore, since
concentrations of guanylurea in wastewater efflsieare known to be higher than
metformin levels, information about its biologi@adtivity and ecotoxic effects will be

very useful for further research.

4. Conclusions
Application of an analytical method based on SPH followed by LC-UV/Vis-
ESI/MS, provided wider knowledge about the occweeand fate of metformin and
its transformation product guanylurea, in the iafits and effluents of eight WWTPs
in Greece. Further confirmation of positive findsngf the two compounds took place
by means of LTQ Orbitrap mass analyzer. Both compesuhave gained little
attention until now and this was the first timetttieeir occurrence was investigated in
Greek aquatic system. According to the results fdllewing conclusions can be
reached:

* The extensive work demonstrated the occurrencheaset two compounds in

the influents and the effluents of all WWTPs.
* Concentrations ranged between bgl and 1167 ng/lthe influents and

between bgl and 627 ng/L, in the effluents.
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* High concentrations of metformin in the influentesulted in high
concentrations of guanylurea in the effluents.

* Removal efficiencies of metformin were up to 99 ¥fhile formation of
guanylurea reached 95 %.

» Lack of a clear seasonal tendency in the occurranderemoval or formation
was observed. However, further research in theseessis warranted and
needed.

* Elimination of metformin can be mainly related te biological formation to
guanylurea but also some other abiotic eliminagiathways may exist such as
the faculty of metformin to stable complexes wittatty metals. In addition,
further transformation of metformin or guanylureayralso occur following
different transformation routes.

» Ecotoxicology assessment of metformin in the efftaetook place and the
results indicated low acute risk for water bodMsreover, further studies are
strongly recommended in order to estimate acute{BCLCsp) and chronic
(NOEC) toxicity data of guanylurea, since it is tonously released in water
bodies and in many cases in relatively high comaéiohs with unknown

effects.
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Table 1 - Characteristics of metformin hydrochloride and gualynurea

Compound Molecular formula Chemical formula MW pKa LogKow gfg?ﬁ,{j‘)"é’ constant g}tj)e?;;)sc(;ICmety
CHs
Metformin _—N NH NHz - HCI b 6
hydrochloride C4H11Ns- HCI H;C 165.6  10.412.3/12.1° -1.43/-4.3 (atpH 7.4) 7.6 x 10" 1000
NH NH
HoN NH NH,
) 1000
Gunylurea GHeN,O 102.1  8.613.3 -2.5F (at pH 7.4) 2.47 x 18
O NH

8Sheurer e al., 2012Thomas et al., 2016ter Laak and Kirsten Baken, 2014



Table 2 - Instrumental parametersfor metformin and guanylureain LC-ESI-M S

Compounds Polarity Time m/z Relative ion

(ES) (min) ions intensity %
Metformin + 4.162 130, 60 100, 38.67
Guanylurea + 4.261 103, 60 100, 25.12

Quantitation ions in bold

Table 3 - Retention time, exact and accurate mass information, mass error
deviation, double bond equivalent number (DBE) and M S/M S data of metformin
and guanylureain Orbitrap MS.

Compounds RT (min) Elemental Exactmass Accurate/nominal Error DBE
Composition (theoritical) mass (detected) (ppm)

Guanylurea  0.83 £E1;N,O 103.0614 103.0610 0.437 15
Frag. lon 1 C,H4N;0 86.0349 86.0345 -4514 25
Metformin 0.94 GHN5 130.1087 130.1092 3.674 15
Frag. lon 1 GHgN,4 113.0822 113.0820 -1.529 25

Frag. lon 2 GH10N3 88.0869 88.0872 3.134 05




Table 4 - Limits of detection (LODs) and limits of quantification (LOQs) in distilled water, influent and effluent wastewater. Precision
(RSD in thesameday (RSD;) and RSD in different days (RSDg)) and signal suppression/enhancement (%), in effluent wastewater.

Compound LOD (ng/L) LOQ (ng/L) RSD0) RSk (%) % signal

DW WwWI WWE DW WwI WWE (n=5) (n=5) suppression (+)
Metformin 3.9 7.8 5.1 129 25.1 16.7 9.6 13.3 9.9
Guanylurea 4.6 6.2 9.8 141 19.6 28.3 7.1 7.9 5.8

Table5- Mean recoveries (%) and RSD (%) in distilled water, influent and effluent wastewater after spiking with 0.2 and 2 pg/L (n=3).

Compound % Recoveries after spiking with QgZL (RSD %) % Recoveries after spiking withi@L (RSD %)
DW WWI WWE DW WWI WWE
Metformin 38.3 (7.7) 58.4 (9.0) 53.1(8.3) 40.71)7.  62.2 (8.9) 57.0 (8.0)

Guanylurea 44.4 (5.8) 57.9 (5.0) 59.4 (6.3) 47.8)6  60.1(9.5) 57.4 (12.0)




Table 6 - Ranges of concentrations and corresponding mean values in brackets of metformin and guanylurea found in the influents and

effluents of the eight WWTPs.

Compound Influent wastewater (n=32) (ng/L)
% loannina loannina Arta Preveza Agrinio Grevena Kozani Veroia
PF Hospital City
MFM 97 bql-1167 (346) 103-249 (174) bql-357 (217) n.d.-38 (bql) bql-54 (bql) bql-573 (207) bql-2513Q) 85-496 (321)
GNL 69 n.d.-84 (29) bql-39 (bql) n.d.-33 (bql) glon] n.d.-bql n.d.-33 (bql) n.d.-28 (bql) n.d.-39()
Effluent wastewater (n=32) (ng/L)
% loannina loannina Arta Preveza Agrinio Grevena Kozani Veroia
PF Hospital City
MFM 66 n.d.-26 (bql) bql-23 (bql) n.d.-18 (bql) o | n.d.-bql n.d.-bgl n.d.-19 (bql) n.d.-bql
GNL 78 bql-627 (188) 83-154(96) n.d.-136 (51) r2@.¢bql) n.d.-33 (bql) bql-328 (116) n.d.-84 (50) .d.A237 (133)

P.F: Positive findings, MFM: Metformin, GNL: Guanyka



Table 7 - Acutetoxicity (mg/L) data of metformin on fish, daphnids and algae (lower valuesindicated in bold fonds).

Compound  Fish Daphnids Algae
EC50 (mg/L) test organism References EC50 (mg/L) test References EC50 (mg/L) test organism References
organism
Metformin  3,32x10"4 Sanderson et al., 2003 1345 Daphnid Sanderson et al., 2003 511 Sanderson et al., 2003
>100* (<96h) Sanderson and Thomsen, 64* (48h) Daphnid Sanderson and Thomsen, 320* (24h) Sanderson and Thomsen,
2009 2009 2009
>082* L. macrochirus Montforts, 2005 130 D. magna Montforts, 2005 110 Santos et al., 2013

*indicates LC50 (mg/L) value
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Fig. 2 - (1) Chromatogram, (2) full scan accurate mass product ion spectrum and (3) MS/M S data obtained using Orbitrap M Stargeting

the correspondingions, for (a) metformin and (b) guanylurea, respectively, found in theinfluent of loannina hospital WWTP in winter.
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HIGHLIGHTS

=  Comprehensive study of metformin and guanylurea in eight WWTPs in
Greece.

= Further confirmation by means of LTQ Orbitrap MS.

= The Metformin/ Guanylurearatio appears to be variable.

= Concentration of guanylurea mostly exceeds its parent metformin in the
effluents.

» Risk quotients for metformin were lower than 1.
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precipitation, followed by biological treatment with a denitrification/nitrification unit with downstr eam trickling filters and serves about 350,000
inhabitants. The third (PE 75,000) and the fourth {2,000 PE) serve about 35,000 and 12,000, respedlipv The fifth treats 380,000 PE with
220,000 residents living in the catchment area arttie conventional mechanical and biological treatmens followed by the addition of 5-20 mg/L
powdered activated carbon (Scheurer et al., 2012).

WWTP-C: Tallest STP in southern Germany with 600,00 PE (Trautwein and Kimmerer, 2011).

WWTP-D: Eighteen WWTPs in Belgium (Van Nuijs et al, 2010).

WWTP-E: Two WWTPs in Netherlands. A village with 7220 inhabitants and a city with 157,052 inhabitantsBoth consist of a conventional
activated sludge system (CAS) with biological phos$gte removal and nitrogen removal via nitrificatiorvdenitrification (Oosterhius et al., 2013).
WWTP-F: Influents from a WWTP in Portugal (213,000 PE) with primary and secondary treatment operatingwith tricking filters (receiving
urban wastewaters including domestic wastewaters ahospital effluents). Effluents from four hospitak: University hospital with 1456 beds
(serves approximately 430,000 inhabitants), gener&bspital with 350 beds (serves approximately 3690 inhabitants), pediatric hospital with
110 beds (serves approximately 90,000 inhabitantahd a maternity hospital with 96 beds (serves appsamately 507,000 inhabitants) (Santos et
al., 2013).

WWTP-G: A SSWRF services the greater area of Milwakee (United States), has a treatment capacity of1135,000 ni/day and it consists of
preliminary treatment (7 bar screens/grit channels) primary treatment (16 primary clarifiers), activated sludge treatment (28 aeration basins
and 24 secondary clarifiers) and chlorine disinfeabn (25-pass contact channels) (Blair et al., 201Bb

WWTP-H: STP of Alimadinah Almunawarah (Saudi Arabia) with total capacity of 300,000 n¥day. The plant undertakes tertiary treatment and
sometimes in addition to domestic sewage, receivaartially-treated industrial and medical wastewater (Shraim et al., 2012).

WWTP-1: WWTP in the region of Linz in Austria (Mart in et al., 2012).

WWTP-J: STP in Kajang town (Malaysia) operating anextended aeration with 2,785 EP (Al-Odaini et al2010).



(A)

2 90 -
€ 80 - B Autumn
=
E 70 ® Winter
§ 60 - o
E rin
_E' 50 - pring
[1}
3 40 - B Summer
S~
£
£
2
()]
b
(B)
" 0,80 -
= B Autumn
< 0,70 -
E 0,60 - B Winter
(5]
[J]
5 0,50 m Spring
>
S 0,40
3 B Summer
< 0,30
£
€ 0,20
o
@ 0,10
S

0,00

0\00
o'z’é\
¢

Fig. S2 - Ratios of Metformin/Guanylurea in (A) theinfluents and (B) the effluents of
the WWTPs.



REFERENCES

Al-Odaini, N.A., Zakaria, M.P., Yaziz, M.1., Suri§., 2010. Multi-residue analytical method
for human pharmaceuticals and synthetic hormonewén water and sewage effluents
by solid-phase extraction and liquid chromatografamgdem mass spectrometry. Journal
of Chromatography A 1217 (44), 6791-6806.

Blair, B.D., Crago, J.P., Hedman, C.J., Tregued.R, Magruder, C., Royer, L.S., Klaper,
R.D., 2013b. Evaluation of a model for the remoefapharmaceuticals, personal care
products, and hormones from wastewater. Sciendbeof otal Environment 444, 515-
521.

Martin, J., Buchberger, W., Santos, J.L., Alonsg,Aparicio, |., 2012. High-performance
liquid chromatography quadrupole time-of-flight mmaspectrometry method for the
analysis of antidiabetic drugs in aqueous envirantale samples. Journal of
Chromatography B 895-896 (0), 94-101.

Oosterhuis, M., Sacher, F., ter Laak, T.L., 2018dRtion of concentration levels of
metformin and other high consumption pharmacewdical wastewater and regional
surface water based on sales data. Science obtiaéHnvironment 442, 380-388.

Santos, L.H.M.L.M., Gros, M., Rodriguez-Mozaz, Belerue-Matos, C., Pena, A., Barcel6,
D., Montenegro, M.C.B.S.M., 2013. Contribution ajspital effluents to the load of
pharmaceuticals in urban wastewaters: Identificatiof ecologically relevant
pharmaceuticals. Science of the Total Environméit462, 302-316.

Scheurer, M., Michel, A., Brauch, H.J., Ruck, WacBer, F., 2012. Occurrence and fate of
the antidiabetic drug metformin and its metabafjteanylurea in the environment and
during drinking water treatment. Water Researcli1&§, 4790-4802.

Scheurer, M., Sacher, F., Brauch, H.J., 2009. @enae of the antidiabetic drug metformin
in sewage and surface waters in Germany. Jourrahefonmental Monitoring 11 (9),

1608-1613.



Shraim, A., Diab, A., Alsuhaimi, A., Niazy, E., Medlly, M., Amad, M., Sioud, S.,
Dawoud, A., 2012. Analysis of some pharmaceutigalsmunicipal wastewater of
Almadinah Almunawarah. Arabian Journal of ChemigAiticle in Press).

Trautwein, C., Kimmerer, K., 2011. Incomplete aeralegradation of the antidiabetic drug
Metformin and identification of the bacterial deaadd transformation product
Guanylurea. Chemosphere 85 (5), 765-773.

Van Nuijs, A.L.N., Tarcomnicu, I., Simons, W., Bests, L., Blust, R., Jorens, P.G., Neels,
H., Covaci, A., 2010. Optimization and validatioh a hydrophilic interaction liquid
chromatography-tandem mass spectrometry methodh®rdetermination of 13 top-
prescribed pharmaceuticals in influent wastewatgnalytical and Bioanalytical

Chemistry 398 (5), 2211-2222.



