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ABSTRACT

The detection of antibiotics in wastewater is alleihge due low concentration and com-
plex matrix. In this work the method with solid gleaextraction, liquid chromatography
and tandem mass spectrometry was developed tozanfake antibiotics simultaneously in

wastewaters. The method was applied in practicmégsuring concentration of antibiotics

in three Finnish medium size WWTPs.

Complex matrix can suppress the signal of antitoin mass spectrometry and this was
taken into account by using matrix matched extestehdard. The developed method was
simple, fast and repeatable and the limit of detastrange from <10-150 ng/L. Three of
five antibiotics (trimethoprim, sulfamethoxazoledaciprofloxacin) were detected in all
influents. Doxycycline and norfloxacin were notetged neither influents nor effluents. In
influent ciprofloxacin had the highest concentmati@00 ng/L. The concentrations were
similar to published studies. Trimethoprim was timey one detected in effluents, and the
concentrations were higher in all effluents thamniffuents. This may be because slightly
transformed metabolites can be transformed bagkatent compounds during the treat-
ment process. As there are large amount of diffeaatimicrobials in wastewaters and all
of them cannot be detected at the same time, funtkestigate is needed to find the indi-
cate compounds that can be detected simultaneauslyassess the risk of antimicrobial

resistance.
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TIVISTELMA

Antibioottien havaitseminen jatevesistd on haastgefituen matalista pitoisuuksista ja
monimutkaisesta matriisista. Tassa tyossa keimtdiinteafaasiuuttoa, nestekromatogra-
fia ja tandem massaspektrometria hyvaksi kayttaemetelma, jolla voitiin analysoida

viittd antibioottia yhtaaikaisesti matalina pitaisisina jatevesista, ja sita testattiin kaytan-

nosséa kolmen keskisuuren suomalaisen jatevedergiahdin jatevesiin.

Monimutkainen matriisi heikentdd usein antibioattigignaalia massaspektrometrissa ja
tdssa tyossa kaytettiin matriisi-korjattua ulkoistandardia huomioimaan efektia. Mene-
telm& oli yksinkertainen, nopea ja toistettava. M#gsrajat vaihtelivat <10-150 ng/l valil-
la. Viidesta tutkitusta antibiootista kolmea (tritmgriimi, sulfametoksatsoli ja siprofloksa-
siini) havaittiin kaikissa tutkituissa puhdistanuattissa jatevesissa. Doksisykliinia ja nor-
floksasiinia ei havaittu jatevesissa lainkaan. Kimkhavaittu pitoisuus oli siprofloksasii-
nilla, 300 ng/L. Pitoisuudet olivat samaa luokkagnkmita aiemmin tutkimuksissa on ha-
vaittu. Ainoastaan trimetopriimid havaittiin puhgisiissa jatevesissa, ja sen pitoisuus oli
korkeampi jokaisessa tutkitussa puhdistetussagdt=sa kuin puhdistamattomassa. Tama
johtunee siita, etta vain vahan muuntuneet ainéeduatatuotteet voivat muuntua takaisin
alkuperaisiksi laakeaineiksi jateveden puhdistusgsein aikana. Mikrobilaakkeité on suu-
ri maara eika niita kaikkia voi tutkia yhta aikasgéatevesista. Jatkotutkimuksia tarvitaan-
kin, jotta 16ydetddn indikaattoriyhdisteet, joitaidaan analysoida yhtaaikaisesti ja joiden

avulla voidaan maaritella mikrobilddkkeiden aihamnta resistenttien kantojen riski.
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1 INTRODUCTION

1.1 Pharmaceuticals as emerging micropollutants ithe environment

Pharmaceuticals in the aquatic environment have beeognized as emerging issue at
1990's (Daughton & Ternes 1999, Heberer 2002) atthdahe very first prescription phar-
maceutical in aquatic environment has been repattd®70's (Daughton & Ternes 1999).
The main sources of pharmaceutically active comgsuare the effluents of the sewage
treatment plants (STP): after consuming pharmacalstiare excreted in urine and faeces
as parent compounds, only slightly transformed bwdies or conjugated with inactivat-
ing compounds that may cleave back to the paranpoond during wastewater treatment
(Heberer 2002). Recently, a lot of researches baea carried out to study the fate of hy-
drophobic pharmaceuticals. Besides of biodegradatice common removal mechanism is
adsorption into the sludge. Some pharmaceuticashayhly polar compounds and they
have low tendency to adsorb during the wastewagatrnent processes. Typically STP's
are not designed to remove pharmaceuticals andftirerthese compounds are discharged
into receiving waters (Ternes & Joss 2006). Phaewidcals are removed by the STPs
only partly and there is low, but continuous flovpharmaceuticals to the aquatic envi-
ronment. The other sources of pharmaceuticals .grdamdfills, disposal of unused medi-

cine via drain and pharmaceuticals used in agticellfHeberer 2002).

There are several concerns with connection to paeenticals in the environment. Alt-
hough these pollutants are usually found at loviseg@hcentration in the aquatic environ-
ment there has been reported both acute and cheffieict in aquatic organisms. Mixture
of thousands compounds can also cause unprediaéblds (Kimmerer 2009a). Antibi-
otics are one of the most frequently used grouphafrmaceuticals and they have been
detected in the aquatic environment worldwide idolg wastewaters, surface water and
groundwater, but also in drinking water (Seifrt@al. 2009). Viencet al. (2006) report-
ed occurrence of antibiotics up to 650 ng/L inuefits. They were also found in effluents
up to 40 ng/L and in river waters at low ng/L-conications. Also Aystdet al. (2014) re-
ported occurrence of antibiotics in effluents andsurface waters, usual at low ng/L-
concentrations. Despite of the low concentratiotit® continuous input from the
wastewater treatment plants to the surface wat&esnem pseudo-persistent micropollu-
tants in the environment. When antimicrobial pharewticals (including antibiotics and

antiviral pharmaceuticals) are present in the emvirent, one of the main concerns is the



risk of the development and maintenance of antiohial resistance (Kimmerer 2009Db,
Jainet al. 2013).

1.2 Analysis of pharmaceuticals

Analysis of pharmaceuticals in liquid matrix, suhwastewater influent or effluent, may
be challenging: they exist in complex matrix andalsat low concentration (ng/L—level)
(Seifrtovaet al. 2009). Most pharmaceuticals are also rather samallusually polar mole-
cules (McArdellet al. 2006). Simultaneous analysis of the pharmacestisah challenge
since there is large variety of compounds withidigar properties such as polarity, solu-
bility and partition coefficients. There occur alsat only primary compounds in the envi-
ronment but also transformed products, and spestificdard substances are not necessari-
ly available (Jakimskat al. 2014). Suitable analysis method has to be bothifspand
sensitive enough for the detection of the targetmaunds among large amount of impuri-
ties. These high demands can be fulfilled by sdiglaited analytical techniques such as
high performance liquid chromatography (HPLC) os garomatography (GC) followed
by tandem mass spectrometry (MS/MS) (McAraehl. 2006).

1.3 Objective

The aim of this study was to develop the fast, &ngnd reliable, simultaneous SPE-
HPLC-MS/MS method for analysis of five (ciprofloxacdoxycycline, norfloxacin, sul-

famethoxazole and trimethoprim) antibiotics thalobg in several groups. This included
optimization of the solid phase extraction (SPE)hud: optimum pH adjustment, opti-

mum composition and volume of the eluent to gegaicompounds from SPE cartridge,
and choosing the suitable filters. The optimum donas were found by comparing the
recoveries of compounds between each treatmerd.gidmum MS/MS parameters: cone
voltage and collision energies, were determine@ dlbjiective was to validate the method
with regard to calibration, recovery, matrix effeetd repeatability. The limit of detection

and limit of quantification was desired to be lomoagh to investigate target compounds

in Finnish wastewaters.

The other aim was to employ the method and analgstewaters to discover the concen-
trations of selected pharmaceuticals if they eixisthe influents or effluents of medium
size municipal wastewater treatment plants in Fidla’ he aim was to use matrix matched

external standard, prepared in lake water, to ddfie concentrations of target compounds



in wastewaters. Also the theoretical concentratiohgharmaceuticals were calculated
based on their consumption in Finland and excrgtimrion as parent compounds. These

values were compared to each other.



2 BACKGROUND

At 1990's started the discussion of pharmaceuticathe aquatic environment and first
methods for analysis of pharmaceuticals were deeelo Ternes (2001) reported the
methods that were used to detect many groups ofrateuticals, including antibiotics, in

ng/L-level. These methods were used to investiga@rmaceuticals in German sewage
treatment plants (STPs) in 1996-98.

The analytical procedure includes usually five stefarting from sampling and sample
preparation followed by chromatographic separatilmtection and data analysis (Seifrtova
et al. 2009). Sampling and sample preparation can take &time of the whole analysis

process (Kataoka 2003). According to McArdetlbl. (2006) the development and valida-

tion of the analysis method for pharmaceuticalstete months.

The sampling is a critical part of the analysi® #@rrors made during the sampling cannot
be corrected later. Occurrence of pharmaceutiGdsskasonal variations: certain pharma-
ceuticals are used in different season (winter—seynalso the removal rates may vary
between cold winter and warm summer (McArdslbl. 2006). The flow is also not con-

stant around the clock: people use toilets modagtime than at nights. Some pharmaceu-
ticals are originated in only a few persons. Vaiabf the occurrence may be difficult to

predict. Integrated samples over the time, suclR4ebours composite samples, are re-
quired, when the aim is to evaluate the mass flubbads and the series of grab samples

are suitable for assessing the peak concentratioardell et al. 2006).
2.1 Sample preparation

The samples should be injected in HPLC without prertreatment if it is possible, but
almost always at least some preparation is requdeyeloping the sample preparation
method can be more laborious than developing theCHmethod itself (Snydeet al.
1997).

Sampling and storing the samples should be arrasgeld way the target compounds are
not transformed before analysis (McArdetlal. 2006). In the optimum case, the samples
are prepared and analysed immediately after sagipliqueous samples require filtration

at first as the particles may impede the latersstégthe sample praparation. Also pH needs

to be adjusted according to the properties of dinget compounds, and it is usual essential



to reach as good as possible recovery of the conthbddicrobial processes (which can
transform some compounds) may be inhibited by agdisinfectants or lower the pH be-

low 2. Samples can be stored in amber glass bottlesfreezer, if they are not analysed
immediately. Storing samples in amber glass bofiesvent the degradation by UV-

radiation. The samples with volatile compounds @ampounds, which are easily oxidized
by oxygen, should be stored completely filled esttiSorption to the surface of the con-
tainer should also be considered (McArckl. 2006).

Sampling and sample preparation together is ustiadymost time-consuming step in en-
vironmental analysis. The sample preparation isleédo extract, isolate and concentrate
the target compounds from matrix as it can distingt operation of analytical device
(Kataoka 2003). The selected factors for samplpgyegion depend on physical and chem-
ical properties of the target compounds (Seifrtetval. 2009).

According to Kataoka (2003) good sample prepardtiasto meet five aims: minimal loss

of the sample, efficient removal of coexisting caments, quick to conduct, economical

and not cause any problems in the chromatograpigeps. For routine analysis it is good

to have easily automated method and to use theersiohs less as possible to save re-
sources (Samanidou & Karageorgou 2010).

The target compounds in aqueous samples havedorteentrated and extracted, and there
are some techniques available such as liquid/ligxiglaction and solid phase extraction

(SPE). The latter is nowadays the most widely ws®dple preparation technique to ana-
lyse pharmaceuticals in waters (Jakimskal. 2014). It is usable for both enriching the

trace amount of the target compound and simplifghregmatrix (Pavlowi et al. 2010). If

the analysis will be performed later, the SPE @igés can also be stored when they are
dried first. The final extracts should be storeakzén or at least cooled in amber glass or
plastic vials if they are not used immediately (Mdéll et al. 2006).

When using HPLC to separate the compounds, the lsgon@-treatment is necessary be-
cause of removal of impurities (Samanidou & Karagea 2010). This helps to prolong
the lifespan of the apparatus and especially thema Pre-treatment also improves detec-
tion, because when samples are concentrated inesmalume (e.g. from 500 mL to 1
mL) the values of the limit of detection (LOD) atfte limit of quantification (LOQ) are



lower. The solvent is also changed to suitablefon&lPLC analysis during sample prepa-

ration (Samanidou & Karageorgou 2010).

A review by Petro\ et al. (2005) reported the SPE is the most common extraatethod
for pharmaceuticals including antibiotics, non-sigal anti-inflammatory drugsp-
blockers, lipid regulating agents and psychiatriegd. Method is based on different inter-
actions between stationary phase (sorbent) andlenphiase (sample). The extraction
takes place in cartridge containing SPE sorbenenatiMcArdell et al. 2006). There are
wide range of SPE sorbents available, and the agparis based on different interactions
between compound and phases (Kataoka 2003). SPEotmasteps (Figure 1): sorbent
conditioning, sample loading, washing and eluti®anhanidou & Karageorgou 2010).
Sorbent conditioning prepares the sorbent in thidge to be ready to receive the sam-
ple. The sorbent must not dry between conditiomind sample loading. Sample is forced
through the cartridge for example by vacuum madif®Washing with suitable eluent re-
moves unwanted matrix compounds. Elution with fléaolvent collects the target com-
pound. The eluent can be either injected directly HPLC or evaporated and reconstitut-
ed in suitable solvent (mobile phase). Each steplsi¢o be optimized for the best possible

recovery (Samanidou & Karageorgou 2010).
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Figure 1: The steps of solid phase extraction. (SauJniversity of Florida. Available at
https://ufl.instructure.com/courses/313181/pagettmming-extractions-solid-phase-
extraction-sequence).

Pavlovi et al. (2010) investigated different types of SPE sorbdat eight antibiotics in-
cluding norfloxacin, sulfamethoxazole and trimettiop The efficiency of extraction was
determined by HPLC followed by diode array detet(iDAD). They used both spring and
wastewater in their research. Their preliminaryd&s showed very poor recovery (11%)
for some pharmaceuticals with Oasis HLB -cartridgeich is one of the most widely used
SPE-cartridges. They tested five SPE cartridgesttamdesults varied from not detected to

107%. They discovered the recoveries vary even winegorbent materials were similar.

The filtration is an important step in the samplpr@cess when treating wastewater. The
particles in the water sample may cause clogsarS#PE-cartridges and slow down or even
prevent the water flow. Most generally used filtare glass-fibre filters with pore size of

0.2 or 0.45 um. Filtration may lead the loss ofédrcompounds if they are hydrophobic
and absorb in the particles of the water (Seifrieha. 2009).

Hebiget al. (2014) investigated impact of the material of sg& filters on the recovery of
the organic micropollutants. Syringe filters aredigor filtration right prior injecting the
sample into HPLC. They tested seven differentrBltevith 43 acidic, basic and neutral



organic micropollutants including antibiotics arttier pharmaceuticals. Sulfamethoxazole
and trimethoprim were also included. Only four ofit43 compounds showed mass loss
over 20% with one or more filter. The largest &ssvere over 80%. There were no sys-
tematic correlations between mass loss and chemiqgathysical propertied of compounds
(molar mass, ionic character or partitioning bebas), so the behaviour of compound
during filtration can be unpredicted (Helaigal. 2014).

2.2HPLC

High performance liquid chromatography (HPLC) isquently used analytical technique
to separate and analyse compounds in aqueous Saripldier the most used analytical
method for pharmaceutical residues along literatas gas chromatography—mass spec-
trometry (GC-MS), but liquid chromatography-masectpmetry (LC-MS) and LC-
MS/MS (also known tandem—-MS) have replaced GC ¢Retet al. 2005). The GC meth-
od requires often derivatization of the compoumdsiake them volatile: for polar pharma-
ceuticals the HPLC is a better choice as the dizaton is not required (McArdeét al.
2006).

The compounds of interest are dissolved in a deitstlvent and then forced to flow with
the mobile phase through the column (stationansghander high pressure (Harris 2007).
The main parts of HPLC device are a pump, an iojeet separation column and a detec-
tor. The sample is loaded in the sample loop ard thjected to the mobile phase flow.
The separation in a column is based on differentitipaning behaviour between mobile

phase and stationary phase (Harris 2007).

The most important separation goals in HPLC mettexklopment are linked to resolu-
tion and separation time (Snyderal. 1997). Resolution is the difference in retention
times between two elution peaks divided by sum afthwof the peaks. According to
Snyderet al. (1997) the resolution should be at least 1.5 @tige and rugged quantitative
analysis with only a few compounds (<6) in whiclseaompounds can be easily obtained.
The resolution 1.0-1.5 is good enough for sampbtegaining more than 10 compounds.
The length of HPLC run time=(retention time of the slowest compound) shouldabe
short as possible for practical reason, especvalign there are large amount samples to

analysis. Run time of less than 10 min is prefe(Buyderet al. 1997).
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2.3 MS/MS detection

Mass spectrometry (MS) is the most used detectoarfialysing the pharmaceuticals be-
cause of the highly selectivity and sensitivitytethnique (McArdelkt al. 2006). It pro-
vides structural information of the target compaginthe aim of MS is to separate ionized
molecules (or their fragments) according their rtassharge ratiorfz). The separation
occurs in electric and/or magnetic fields. The nmaants of MS are an ion source, a mass
separator and an ion detector. Precursor ions faswn parent ions) and their product
ions (also known fragment or daughter ions) arel dee quantification of the compounds
in MS/MS (Petrou et al. 2005).

Electrospray ionisation (ESI) is widely used foe flonisation of the compounds separated
in LC and analysed in MS/MS. It is so called softisation technique which means that
only small amount of energy is used for ionisati&Bl+ produces positive ions (McArdell
et al. 2006).

2.4 Matrix effect

Although HPLC-MS/MS is efficient technique for aysib of pharmaceuticals due high
sensitivity and selectivity, it is susceptible tatnix effect and this needs to be taken ac-
count when analysing compounds in complex matrchsas wastewater (Habal. 2007).

All of the compounds other than the compound ofriest in the environmental LC-MS
analysis are termed to matrix (Seifrtaatéal. 2009). Chambert al. (2007) described ma-
trix effect as a difference between the mass speitric response values for the com-
pound in standard solution and in sample matrixl{sas plasma). Like plasma, the
wastewater as well, is a complex solution with ntoue different compounds. Co-eluted
metabolites, impurities and degradation producty weuse matrix effect because they
have influence on the ionization of the target coomm (Chamberst al. 2007). The ma-
trix effect is difficult to prevent and it is hatd predict beforehand as it fluctuates between
compounds and matrixes (Seifrtogtaal. 2009). The response may be increased or de-
creased due to matrix effect and this leads tocuma@cy and imprecision of analysis
(Chamberst al. 2007). The signal intensity of antibiotics in MS3Mnay be significantly
suppressed in wastewater matrixes (Seifrteivadl. 2009). The suppression level may dif-
fer between an analyte and an internal standatideisame matrix which affects the accu-

racy of the method (Matuszewsdtial. 2003). One of frequently used method for ioniza-
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tion of molecules in MS is ESI, and it is vulnemld other compounds in the matrix and
this may decrease the results or sometimes, ranelgase the results, although the matrix
effect is not thoroughly understood (Stuber & Resma 2004).

According to Chambeet al. (2007) the post-column infusion method and thet-pos
extraction spike method are the two most widelydusethods to assess matrix effect. The
first mentioned method identifies the region of HRIMS/MS system where matrix effect
most likely has some influence: practically attfitse extract of the sample is injected in
system and then constant flow of analyte is infuSdte variation of response is moni-
tored. This method is time-consuming and do notigequantitative understanding of the
effect. Whereas the post-extraction spike methaksses matrix effect comparing be-
tween response of the target compound in pureisole.g. mobile phase) and response
of the target compound spiked in the blank matfierasample preparation. This method

provides quantitatively assessment of matrix eff€ttamberst al. 2007).

Chambetet al. (2007) discovered the mixed-mode SPE, appropniatieile phase and ultra
performance liquid chromatography were the mosiabieé combination of techniques is

used to reduce matrix effect in analysis of phaenécals in plasma.
2.5 Quantification and method validation

To assure the quality of the analysis method f@arplaceuticals the used method needs to
be described completely. This includes not onlpinfation of chemicals, devices, sam-
pling, filtration, pH adjustment but also use ofregate and instrumental standards, meth-
od of quantification, determination of recoverigsit of detection (LOD) and quantifica-
tion (LOQ), limitation caused by matrix effects aachployment of instrumental blanks
(McArdell et al. 2006).

Surrogate standard is used to determine the systelnss during the sample preparation
and detection (McArdelkt al. 2006). A compound with similar physical and chemhic
properties may be used as surrogate standardypiealt ones are the isotope-labelled
compounds. The surrogate standard is spiked irdoséimples at very beginning of the
sample preparation to figure out all the lossethefcompound during the preparation. The
disadvantage of this method is availability of tgu-labelled substance or other surrogate
(McArdell et al. 2006).
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Compound with similar properties as the target commol may be used as instrumental
standard. It is spiked into reconstitute samplétrigefore injecting to LC—system and it

can be used to determine the absolute recovery (Mdket al. 2006).

There are few methods to quantify the amount ofmmund separated in HPLC-MS/MS.

Surrogate standard is highly recommended methodaatify the analytes by McArdedt

al. (2006) if the suitable compound is available. Alse external or internal calibrations

are suitable. Standard addition method can be iasedvironmental analysis even though
it is time-consuming and require lot of resourced an extra step of calculations (Stliber
& Reemtsma 2004).

Accuracy, precision and linearity are the demarfdb® good HPLC method. The method
is accurate when measured values are close toubevalues and precise when measure-
ments are reproducible. The method is linear wiadibration plot between the concentra-
tion and response is straight line (Snyeteal. 1997). Limit of detection (LOD) is the min-
imum amount of analyte that can be detected by odethnd it is usually defined as peak
signal-to-noise-ratio (S/N) 3. Limit of quantifica (LOQ) is defined similarly: minimum
amount of analyte that can be quantified by metadi in that case the S/N is 10 (Snyder
etal. 1997).

2.6 Analysis methods for antibiotics

There are numerous of studies available to detewinantibiotics simultaneously in wa-
ters, also studies of ciprofloxacin, doxycyclinesfioxacin, sulfamethoxazole and trime-
thoprim. At least Karthikeyan & Meyer (2006), Lineliget al. (2004) and Yest al. (2007)

have studied all of these antibiotics simultanepirsivastewaters by SPE-HPLC.

In all of these studies pH was adjusted to 3.e¥al. (2007) used Oasis HLB SPE-
cartridges, Lindberg et al. (2004) used layeredE@G2/+ SPE columns and Karthikeyan &
Meyer (2006) used Oasis HLB followed by Oasis M@Xeixtract the compounds. The
elution solvent in all three studies was acidifradthanol. Recoveries for all studied anti-
biotics varied from 55-161%.



13

2.7 Selected antibiotics

Antibiotics are used to treat bacterial infectiordahe selected ones are commonly used
worldwide, also in Finland. Some of them were Selédased on earlier experiments by
supervisor as well as the wide consumption in fidlaut above all by availability of pure
substance. The selected antibiotics were ciprofloxéCIP), doxycycline (DOX), norflox-
acin (NOR), sulfamethoxazole (SMX) and trimethop(ifiRl). The chemical and physical

properties of the selected pharmaceuticals aeglist Table 1.

Table 1: The physical and chemical properties udisd antibiotics

Water
Compound CAS Molecular pKa log Kow solubility
weight (mg/mL)
Ciprofloxacin 85721-33-1 331.34 6.09 0.28 30.0
Doxycycline 564-25-0 462.46 7.75 -0.72 0.63
Norfloxacin 70458-96-7 319.33 6.34; 8.75 -1.03 1.01
Sulfamethoxazole 723-46-6 253.28 5.77 0.89 0.459
Trimetoprim 738-70-5 290.32 7.12 0.91 0.615

Fimea (Finnish Medicines Agency) publish the stagsof pharmaceutical consumption
annually. The consumption of pharmaceuticals hasisgd in DDD (defined daily dose)
/1 000 inhabitants/day which shows the portionha&f population (per mil) who has con-
sume DDD of pharmaceutical daily (Table 2). Worldatth Organization (WHO 2015)
has calculated the DDD for each pharmaceuticalasetheir actual consumption. DDD
fluctuate between 100 to 2000 mg among these finagrpaceuticals. Thus ciprofloxacin is
most used antibiotic in Finland (226 mg per yeargagita) among these five pharmaceu-
ticals when calculate in grams. According to Eusp€entre for Disease Prevention and
Control (ECDC) (2015) the consumption of antibistis usually about 25% higher in win-

ters than in summers.
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Table 2: Consumption of studied antibiotics in &imd in 2013 (Fimea), defined daily dose
(WHO) and portion of excretion as parent compoubai§bank), except sulfamethoxazole
(Vree 1995)

Excretion as

DDD/1000 Usage per capparent compound
Compound inhabitants/d DDD (mg) ita per year (Q) (%)
Ciprofloxacin 0.62 1 000 0.226 50
Doxycycline 2.81 100 0.103 40
Norfloxacin 0.07 800 0.020 40
Sulfamethoxazole 0.08 2000 0.058 11

Trimethoprim 1.01 400 0.147 90
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Figure 2: Molecular structures of studied antilusti

2.7.1 Ciprofloxacin

Ciprofloxacin (CIP) (Figure 2) belong to the groop the fluoroquinolone antibiotics
(Quinoline carboxylic acids). Ciprofloxacin is sbla in water (30 000 mg/L at 20°C) and
practically insoluble in ethanol. Estimated vapprgssure is 2.85x10-13 mm Hg (at 25°C)
(Toxnet 2015). Ciprofloxacin is metabolized to eadt four metabolites (Toxnet 2015).
From 40 to 50% of pharmaceutical is excreted in uhee as unchanged, parent drug
(Drugbank 2015).

If ciprofloxacin is released to air it is expect@dexist only in the particulate phase and
will be removed by wet or dry deposition. In aquoanvironment ciprofloxacin is photo-

degradable. In soil compound is expected to be ibi@dased on soil organic carbon
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partitioning coefficient I of 61 000. Volatilization is not important fateopess. Ciprof-
loxacin is not easily biodegradable. Bioconcenrafactor (BCF) is 3, which indicates the

potential for bioconcentration in aquatic organissiew (Toxnet 2015).
2.7.2 Doxycycline

Doxycycline (DOX) (Figure 2) is an antibiotic anelbngs to the class of tetracyclines.
Doxycycline is very slightly soluble in water angdasingly soluble in alcohol (Toxnet

2015). The estimated vapour pressure is 0.0 = 2ri2Hg (at 25°C) and soil organic car-
bon partitioning coefficient Koc is estimated to1i5. It has low potential for bioaccumu-
lation (Chemspider 2015). Approximately 40% of doysline is excreted in urine

(Drugs.com 2015).

2.7.3 Norfloxacin

Norfloxacin (NOR) belongs to same group, fluorogquames, with ciprofloxacin (Figure
2). It is soluble in water (280 mg/L at 25°C), dulity is pH depend: it will increase sharp-
ly when pH is lower than 5 or higher than 10. Italso soluble in methanol or ethanol
(Toxnet 2015).

Norfloxacin is metabolized to six metabolites. Framto 40% of compound is excreted in

urine as unchanged, parent drug. It is also extietéaeces (10-50%) (Toxnet 2015).

If norfloxacin is released to air it is expectedetdist only in in the particulate phase and
will be removed by wet or dry deposition. It is pbdegradable in aquatic environment
and immobile in the soil like ciprofloxacin. Noriacin is not expected to be volatile. It

has low potential for bioconcentration (BCF of Bpxnet 2015).
2.7.4 Sulfamethoxazole

Sulfamethoxazole (SMX) (Figure 2) is an antibiaiind belongs to the class of sulphona-
mides (benzenesulphonamides). It is very slightiylsle in water. Most sulphonamides
are metabolized by N4—acetylation up to 40% (ToxX@t5). Also some glucuronide con-

jugate has been identified but data for eliminatiute is not available (Drugbank 2015).

An estimated vapour pressure is 6.9 £ bm Hg (at 25°C) and this indicates sulfameth-

oxazole would exist in both vapour and particleeiéased to the air. In the atmosphere it
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will be degraded photochemically. Sulfamethoxazslexpected to have high mobility
(Koc of 72) if released in soil, but it is not vtla (upon low Henry's law constant) from
soil or from surface of water. It is not readilyodegradable and may be persist in soil. In

water sulfamethoxazole is not expected to adsditissor sediments (Toxnet 2015).
2.7.5 Trimethoprim

Trimethoprim (TRI) (Figure 2) is slightly solubla water (Toxnet 2015). Trimethoprim is
mainly (80-90%) excreted unchanged in the urineigbank 2015).

If trimethoprim is released to air, it will exish iparticulate phase (vapour pressure of
9.9 x 10°) and it will be removed from atmosphere by wetior deposition. High mobili-

ty is expected upon an estimategl K5. Trimethoprim is not volatile compound. In wate
the neutral form of trimethoprim is not expectedattsorb in solids or sediments, but pro-
tonated form is. Estimated BCF is 3 (expected hiceatration in aquatic organisms is
low) (Toxnet 2015).
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3 MATERIALS AND METHODS

3.1 Chemicals

All of the pure substances of pharmaceuticals (purbD5%) were received from Universal
Corporation Ltd., Kenya. Acetonitrile (ACN), metl@dr(MeOH) and acetone were pur-
chased from Merck (Darmstadt, Germany) and theyewH#PLC—grade. Formic acid (FA)
(98%) was from Fluka (Darmstadt, Germany) and acatid (anhydrous) (HAc) from
Merck (Darmstadt, Germany). Acidified Milli-Q watevas filtered before using in LC.

Hydrocloric acid (HCI) and sodium hydroxide (NaOMgre used for pH adjustment.
3.2 Used chromatographic system

The apparatus used in chromatographic separatidrdetection was HPLC system (Wa-
ters Alliance 2795) and tandem-MS (Quatro Micr@l&aiquadrupole). In the HPLC the
used column was a reversed phase C18 column (WéBnidge 3.5um, 2.1x100 mm)
with guard column (2.1x10 mm) with same materiattes main column. Temperature of
the column oven was set to 30 °C and temperatueaitmisampler to 20 °C. Positive elec-
trospray ionization (ESI+) technique was used @mization the compounds. In MS/MS
nitrogen was used as desolvation gas (500 L/h)aancbne gas (50 L/h). Argon was used

as collision gas.
MassLynx V4.1 software (Waters) was used for imatnt control and data analysis.
3.3 Mobile phase

Composition of the mobile phase was selected bersigor beforehand: initial gradient
conditions were 20% acetonitrile (ACN) and 80% d#ied Milli-Q water. Acid enhanced
the ionisation. One mL of FA was added in 1 L Mliwater to make it acidic and the
solution was filtered with Whatman hydrophilic menabe filter (poresize 0.gm). The
injection volume was 1QL and the flow rate was 0.249./min. Total run time was 12

minutes.
3.4 Standards

The individual stock standard solutions of pharnuticals were prepared in methanol ex-

cept ciprofloxacin, which was prepared in Milli-Qater. The concentrations of stock
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standards were 1000 mg/L except norfloxacin, wisckoluble in methanol only slightly.
The concentration of the stock standard of norfbixavas 500 mg/L. 0.1000 g of each
pharmaceutical (0.0500 g of norfloxacin) was wesghand dissolved to 100 mL of sol-
vent. The standard of norfloxacin was stirred withgnetic stirrer for three hours until it
was dissolved. Stock standards were stored in amlass bottles at cool temperature
(+4°C).

Two mixtures of all standards (50 mg/L and 10 mghere prepared to act as working
solution. Those standards contained all of the fikarmaceuticals with 50:50 (v/v) Milli-

Q water/methanol. Both working solutions were astored in amber glass bottles in
fridge. The working standards used in analysisamheexperiment were prepared by dilut-

ing the 10 mg/L standards with mobile phase rigldrghe analysis.
3.5 Optimization of MS/IMS

The used precursor and product (fragment) ions seught for in the literature. All of the
precursor ions are positive charged molecule ideH] and the selected product ions are

the most abundance ones. The structures of theigrazhs are listed at Table 3.

Table 3: Mass-to-charge -ratio and structure oflpobd ions

Compound Product ion (m/z) Structure
Ciprofloxacin 288 [M=H,0-CQy+H]"
Doxycycline 428 [M=NH3+H]"
Norfloxacin 233 [M+H-CO,C;HsN]*
Sulfamethoxazole 156 [HoNPhQy]
Trimethoprim 123 [M—trimeoxyphenyl]+

The best parameters were defined for each compooadat a time by infusing the indi-
vidual stock solution in MS/MS via syringe pump. flemch the best possible signal, the
cone voltage and collision energies were determipectach individual pharmaceutical.
The best collision energy gives the most abundeagnientation. The ion current was
monitored for each compound individually and théuga with maximum response were
determined. The objective was to analyse all ofstlected pharmaceuticals simultaneous-

ly, thus the compromised method was developed.
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3.6 Sample preparation

Sample preparation and analysis steps in this woekpresent at Figure 3. Pre-treatment
started by filtration as the particles in un-figdrsample may clog the SPE cartridge. The
filtration took place in a Blchner funnel which wkeed in Blchner flask with rubber
bung. The Buchner flask was fixed in water tap withber tubing to create partial vacu-
um. Whatman glass-microfibre filters GF/F (47 mmpdre size 0.7 um, were used for
sample filtration. The samples of untreated wasiéemwwere filtered first with Whatman
glass-microfibre filters (GF/A) with pore size 1uén because the smaller pore size filter
got clogged easily. After filtration the pH was asted with 0.1 M HCI or 0.1/1.0 NaOH
depending the target pH.

Filtration

pH adjustment

SPE
Evaporation
Reconstition

Filtration

HPLC
MS/MS

Data analysis

Figure 3: Sample preparation and analysis steps.

3.6.1 Solid phase extraction

The used cartridges in this study were Oasis HBat@#As). The sorbent is strongly hydro-
philic and manufacturer recommends the cartridgeafiopurposes, acidic, basic and neu-
tral compounds. The cartridges used for the wastaveamples were 6 mL by volume. To

save resources while developing method the useddtgas volume were 3 mL, but in
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eluent experiments the used ones were 1 mL. HeStSPE cartridges were conditioned
with 4.0 mL MeOH followed by 4.0 mL Milli-Q watef he cartridges were not let run dry
before the samples were introduced. The vacuumfoldmas used to achieve liquid flow

in SPE cartridges. The flow rate was approx. 5—7mmi. The pressure was under 20
mmHg all the time, and the easiest way to contlmlvfrate was adjust the stop-cock
valves. Before elution the cartridges were letuo dry at least five minutes. The samples
were not washed with any eluent before elution. faunds in SPE cartridges were eluted

to Kimax tubes. Different solvents and optimum wvoé&iof solvent were determined.
3.6.2 Elution and filtration

As the SPE eluent was not the solvent used in HEi&Cnext step after elution was evapo-
ration of samples. Evaporation took place with genitrogen stream in warm water bath
until dry. The samples were reconstituted with Bofluof ACN and acidified Milli-Q wa-

ter 20:80 (V:V). Samples were stirred with vortex B0 seconds when analysing spiked

Milli-Q water and tap water and 1 min when analgdiake water or wastewater samples.

The last step before chromatographic separatidheidiltration of the sample. The poly-
ethersulfone syringe filters (PES, manufactured/R) were used during developing the

method until the influence of the different matkriaere tested.

Five different syringe filters were tested with pepiked Milli-Q water: Millipore PTFE
(biopore hydrophilic polytetrafluoroethene membraR®C housing, pore size 02n),
Millex GP PES (polyethersulfone membrane with miedifacrylic housing, pore size 0.22
um), Whatman PES (polyethersulfone membrane, padyethhousing, pore size Quin),
VWR international PES (polyethersulfone membranthwicrylic housing, pore size 0.2
um ) and Whatman acetate (cellulose acetate membpahgropylene housing, pore size
0.2um).

3.7. Method validation

When comparing results in experiments the recoeérgach compound were calculated

using equation 1.

Recovery = —~Measured y 1(0g, (1)

Theoretical
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The developed SPE-HPLC-MS/MS method was evaluateralibration, matrix effect and
repeatability. Calibration curves with five poimere prepared in lake water by spiking
the target compounds. Repeatability was tested stghdard solutions in three different
days. Limit of detection (LOD) and limit of quantétion (LOQ) were determined for
each compound individually in lake water matrixr E©D was used signal to noise -ratio,
S/N = 3 and for LOQ was used S/N = 10. Matrix efffigas calculated by comparing post-
spiked lake water with matrix matched external déads (equation 2). Post-spiked method
means that the known amount of the standard salusiadded into sample right before
injection to the HPLC.

ME =2 x 100 )

WhereME is matrix effect (%)P is post spiked response aBds external standard re-

sponse.
3.8 Samples

Wastewater samples were collected from three npelicivastewater treatment plants
(WWTP): Nendinniemi in Jyvaskyla, Viinikanlahti rampere and Lehtoniemi in Kuopio
where Tampere WWTP serviced the largest populai@hKuopio the smallest. The sam-
ples were collected by the employee of the WWTB&h influent and effluent samples

were collected. There was one sampling per WWTP.

The samples from Jyvéaskyla wastewater treatmemit pleere collected on in February
2015. They were 24-hours composite samples. Nem@amWWTP services 155 000 in-
habitants and the average flow of wastewater 8®5n7/d (in 2014). The water flow was
33 190 mi during the sampling.

The samples from Tampere wastewater treatment plarg collected on in March 2015.
They also were 24-hours composite samples. ViindkdhWWTP services 247 000 in-
habitants and on that day the flow rate was 62r8%8uring the sampling

The samples from Kuopio wastewater treatment plaame collected in May and they were
24-hours composite samples. Lehtoniemi WWTP ser8&®00 consumers and the flow

rate on that day was 26 735 during the sampling.
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The wastewater in Jyvaskyla was collected in trareqt glass bottles and in Tampere and
in Kuopio in low-density polyethylene (LDPE) plesbottles. All of the samples were
stored at cool temperature (+4°C) until sample @rafoon and analysis. The samples from
Jyvaskyla were prepared and analysed at the sayél'da samples from Tampere were
stored at cool temperature for four days until prapon. The last samples from Kuopio
were filtered and extracted following day and evaped and analysed day after that. The

analysis was performed with 500 mL samples andiciafgls were used.

In order to measure pH-level of the samples, PHM@26terLab) was used except for

samples from Kuopio when Mettler Toledo (SevenEasg used.
3.9 Calculated concentration

The theoretical concentrations of pharmaceuticalthe influent can be calculated using
information of consumption and degree of metaboldmharmaceutical. The flow rate of

wastewater is also needed (equation 3) (Vieno 2007)

AXPxex10
C =— 3
calc 365%Q ( )

where Cgc is the theoretical concentration of pharmaceutjgglL), A is the amount of
pharmaceutical used per year per capita (in greensnpabitant per yearl, is number of
inhabitant serviced by WWTHR, is the degree of pharmaceutical excreted as pamnt

pound (in %) and is the flow rate of the wastewater (m3/d).
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4 RESULTS AND DISCUSSION

Optimization of the SPE method required severabhs®p experiments to optimise the

composition and the volume of the elution solveit,and the filtration material.
4.1 Optimum elution

The composition and the volume of the elution soii® remove compounds from car-
tridge after extraction were studied only for CTRRI and SMX. The spiked Milli-Q water

(10 pg/L of each pharmaceutical) was used in experiraadtthe volume of sample was
20 mL. The used cartridges were 1 mL and the volofmauent was 1 mL. The samples
were not filtered or pH adjusted before SPE. Theaéign 1 was used to calculate the ab-
solute recoveries. These experiments cannot explahich preparation step the target
compounds were lost during the preparation andyaisalThe difference was in some case
insignificant but the eluent conditions that progdcsomehow better recovery than the

others has been chosen.

At first experiment four different eluents were died: methanol (MeOH), acetonitrile
(ACN), acetone and the mixture of ACN, MeOH andtiacacid (HAc) (50:50:2 by vol-

ume). Elution with MeOH gave no recovery for anytloé studied compounds (Figure 4).
Ye et al. (2007) and Lindbergt al. (2004) used acidified MeOH to elute the extradt b
the acidified MeOH was not tested in this work.tEln with ACN gave the second lowest
recoveries. Acetone and the studied mixture gavdlasi recoveries: the mixture gave the

highest recovery for TRI and CIP and pure acet@we glightly higher recovery for SMX.
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Figure 4: Recoveries of four eluents: methanol (MgQcetonitrile (ACN), acetone and
mixture of ACN:MeOH:HAc (acetic acid), 50:50:2 bglume. Methanol gave no recovery
for any of these three antibiotics.

Also two mixture eluents were tested. Mixture 1 wssme as previous experiment

(ACN:MeOH:HAc, 50:50:2 by volume) and the mixturavds ACN:MeOH:acetone:HAc,

50:30:20:2 by volume. The elution volume was 3 nmd @he duplicates were used. Re-
coveries varied from 33-65%. Recoveries with metiifor SMX were 15% and 59%, so

the standard deviation is high (Figure 5), so theay be an error. The mixture 1, the one

without acetone, gave better recovery for CIP aRdl (Figure 5).
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Figure 5: Two mixture eluents were studied. Mixtlireontain ACN:MeOH:HAc, 50:50:2
by volume and mixture 2 ACN:MeOH:acetone:HAc, 502802 by volume. Average and
standard deviatiom=2.

Also acidic and basic eluents were compared. At fiH of the samples were adjusted at
2,4 and 6 by 0.1M or 1.0M HCI and at pH 8 and $®AM NaOH. Two eluent solution
were used: basic mixture A: ACN:MeOH:MBIH (ammonium hydroxide), 50:50:2 by
volume and acidic mixture B: ACN:MeOH:HAc, 50:5®m% volume. The elution of acidi-
fied samples (at pH 2,4 and 6) was done by basitunei A and the elution of basic sam-
ples (pH 8 and 10) by acidic mixture B. Samplesemgrepared by spiking antibiotics in
milliQ-water and the volume of the samples werar20 The elution volume was 3 mL.
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Figure 6: Comparison of the acidic and basic eluBm¢ acidified samples (pH 2, 4 and 6)
were eluted by mixture A and samples with pH 8 &ddby mixture B. Mixture A:
ACN:MeOH:NH,OH (50:50:2 by volyme) and mixture B: ACN:MeOH:HA&80:50:2 by
volume).

The recoveries varied from 6-86%. The trend of vedes was decreasing from acidic to
basic pH for both CIP and SMX. In pH 10 SMX gaveprecovery. As average, the pH 8
showed the highest recovery for these three atitisioln earlier studies (Karthikeyan
&Meyer 2006, Yeet al. 2007) the acidified eluent was used with low pH @) and that
should have been also tested.

The optimum volume of the eluent was also studiBte used eluent was mixture of
ACN:MeOH:HAc, 50:50:2 by volume and the studieduroks were 1, 2, 3 and 4 mL. It
was presumed the recovery of the compounds willeeme when the volume of elution
increases then remain that level with greater velutrhis trend was not observed in re-
covery (Figure 7), because the largest volume efthent showed the lowest recovery for
SMX and TRI. There is no sensible explanation fos tesult. One reason may be differ-
ence between flow speeds of elution solvents. Hewelution volume 3 mL was chosen

as it showed the largest average recovery for ttiese antibiotics.

These experiments were performed only three outvef target antibiotics. The results

may be different if conditions were optimized fdirfave antibiotics.
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Figure 7: Volume of eluent (ACN:MeOH:HAC).

4.2 Optimum pH, filtration and matrix effect

The optimum pH was determined with all five anttiiis. At the first experiment the used
water was spiked Milli-Q water and sample volumes\i@0 mL.

The optimum pH fluctuated with different compoun@sgure 8). The recoveries varied
from 2—78%. The recovery of CIP and DOX were padr2%6) with all pH. Only for DOX
the optimum pH was the lowest one: 4. For NOR aRdl the optimum pH was 6 and for
SMX there were no difference between pH 4 and 6.
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Figure 8: Recoveries for pharmaceuticals in diffiéeH.

In a new experiment pH 8 and 9 were tested. Knomouwnt of pharmaceuticals were

spiked in lake water and then samples were pre@amedual and the duplicates were used.

Recoveries varied from 10-91%. The recovery for D@as poor £10%) with both pH.

The recoveries for TRI and NOR were quite similathviboth pH 8 and 9. pH 8 was

sen because it showed higher recovery of SMX. Atsoaverage recovery at pH 8 was

slightly higher than pH 9 (45% and 49%, respecyiyvel

cho-
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Figure 9: Recoveries of pharmaceuticals at pH 8%mdrerage with standard deviation,
n=2

Filtration of reconstituted sample is the last stephe sampling preparation where com-
pounds may get lost. This was realized during stpeements. The used syringe filters at
the eluent experiments and the first pH experimegre VWR international polyethersul-
fone (PES). The last pH experiment (comparing pAn8 pH 9) was carried out with
Whatman acetate syringe filters that gave betwowery for all of studied antibiotics. The
recovery for DOX was very poor (<5%) with both sye filters at all pH.
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Figure 10: Two different syringe filters were tektd three pH. The studied filters were
VWR international polyethersulfone (PES) and Whatroallulose acetate filter.

The syringe filters were studied also with milliGxer at pH 8. The samples were post-
spiked after reconstitution. The studied filtersrevélillipore PTFE (biopore hydrophilic
polytetrafluoroethene membrane, PVC housing, pize @.2um), Millex GP PES (poly-
ethersulfone membrane with modified acrylic housimgre size 0.22m), Whatman PES
(polyethersulfone membrane, polyethene housingg sae 0.2um), VWR international
PES (polyethersulfone membrane with acrylic houspwe size 0.2um) and Whatman

acetate (cellulose acetate membrane, polypropyleuasing, pore size Oym).

The recoveries varied from 2-122%. DOX showed \wogr recovery for all five filters
(<4%) so further studies are needed to test diftefiker materials, also in lower pH. Fil-
tration with Whatman cellulose acetate filter shdvixetter recoveries for CIP, NOR and
TRI, and the rest of experiments and analysis werrmed with acetate filter. The anal-
ysis without filtration of the reconstituted samplas not tested.
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Figure 11: Recoveries of pharmaceuticals filterdth five different syringe filters. The

samples were post-spiked after reconstituting bad filtered right prior injecting into
HPLC.

The recovery of each compound was defined botlpiked lake water and post-spiked
lake water. Recovery of spiked sample describesuainaf analyte both lost during sam-
ple preparation and also enhanced or suppressatalysis. Recovery of post-spiked sam-
ples describes only the latter. The relative diffexe between them is called matrix effect
(equation 3) and in this study it varied from 25%9@igure 12). This recovery should not
be affected the final quantification as the caliorastandards have gone through the same
preparation steps as the samples. Indeed the mgco/®OX is so low and fluctuate in
experiments there may be possibility to loose atratisof that pharmaceutical during the

process and get no results even it was preseneisample.
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Figure 12: Matrix effect of each compound.

The chosen conditions for sample preparation weeddllowing: pH of the samples were
adjusted at 8, the used eluent was mixture of AGAOM:HAc (50:50:2 by volume) and
elution volume was 3 mL. The filtration right prigrjection in LC was performed with
Whatman acetate filter.

4.3 MS/MS optimization

The MS/MS detection was optimized first for eachmpound individually by infusing
stock standard in MS/MS. The optimization was basedhe precursor and product ions
that are listed at Table 4. The optimum cone vekagnd collision energies for each com-
pound are listed at Table 5.
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Table 4: Precursor and product ions and reteniias for each compound. Source of the
ions: Petrovict al. (2005), except trimethoprim and norfloxacin (Rsal. 2008)

Compound Precursor iorfm/z) Product ionnvz) Retention time
(min)
Ciprofloxacin 332.2 288 2.05
Doxycycline 445 428 5.80
Norfloxacin 320.2 233 1.98
Sulfamethoxazole 254 156 5.10
Trimethoprim 291.1 123 2.02

Table 5: Optimum parameters for studied antibiotics

Compound Cone voltage (V) Collision energy (eV)
Ciprofloxacin 34 19
Doxycycline 30 19
Norfloxacin 34 25
Sulfamethoxazole 28 18
Trimetoprim 34 19

4.4 Method validation

The repeatability of the developed HPLC-MS/MS mdtia@s tested by running standard
solutions of three concentrations (100, 500 and1@@L of each individual pharmaceuti-
cal) into system three times in different days. Tiean values, standard deviations and
relative standard deviations (RSD) of response® walculated. The RSD values were 3—
19% (Table 6) and since they were <20%, SPE-HPLOM&Smay considered to be re-

peatable.
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Table 6: Repeatability (in relative standard deerg RSD) of the method at three stand-
ard concentrationsi=3

Repeatablity, RSD (%)

100 pg/L 500 pg/L 1000 pg/L
Ciprofloxacin 9 3 3
Doxycycline 13 10 7
Norfloxacin 8 2 3
Sulfamethoxazole 19 17 17
Trimethoprim 13 12 13

The SPE-HPLC-MS/MS method was validated for lakéewdl he recoveries were de-
termined from five spiked lake water samples exéeptCIP and NOR where the lowest
concentrations gave negative results and one amdbtmest point, respectively, have been
omitted (Table 7). Trimethoprim showed the besbvecy (72%) and also sulfamethoxa-

zole showed tolerable recovery (42%), but thethesie showed recoveries below 20%.

Table 7: Recoveries of studied pharmaceuticalpikesl lake water. Average with stand-
ard deviationn = 5, except for ciprofloxacin=4 and norfloxacim=3

Compound Recovery (%)
Ciprofloxacin 14+8
Doxycycline 6+3
Norfloxacin 14+4
Sulfamethoxazole 42+6
Trimethoprim 7219

The limit of detection (LOD) and limit of quantifition (LOQ) of method for lake water
were determined from signal-to-noise —ratio (S/N)e highest LOD value was 50 ng/L
for SMX and the rest of them were <10 ng/L. The L&@Ques varied from below 10 ng/L
up to rather high 150 ng/L for SMX. The used sanvoleime was rather high: 500 mL.
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Table 8: Limit of detection (LOD) and limit of qutiication (LOQ) for studied com-
pounds in given method (sample volume 500 mL)

LOD (ng/L) LOQ (ng/L)
Ciprofloxacin <10 <10
Doxycycline <10 30
Norfloxacin <10 20
Sulfamethoxazole 50 150
Trimethoprim <10 <10

Although recoveries were poor for some compoundskthod can be described as relia-
ble because of using the matrix matched exteraaldstrds that has prepared as samples:
the losses during sample preparation and analysis similar between samples and stand-
ards. More precise results can be obtained by wsandard addition method, but because
it is time-consuming and requires large amounteplicates prepared at same time, it is
not practical and therefore rarely used. Zhou & ¢K&P013) studied how precise results
matrix matched external calibration method givecdérding to them for e.g. tetracycline
(belong the same group with DOX) matrix matcheadl calibration is suitable method
but not for all antibiotics. The common conventisrio use suitable internal standard (pre-
pared in pure solvent) and Zhou & Kang (2013) disced the combined use of matrix
matched external calibration and internal standdaved the best results. There are still
questions how similar matrix lake water and wasteware; the further investigations are
needed to compare them. The better option woultb hese the wastewater without phar-

maceuticals as matrix matched external standard.

The developed method was simple and fast, and@i2 &nd LOQ were rather low except
for SMX. DOX would show better recovery if the sdempreparation steps, also pH ad-
justment, were also optimized for it. Sample prapan with acid pH should be tested like
Karthikeyan & Meyer (2005), Lindbermg al. (2004) and Ye & Weinberg (2007) did. More

syringe filter materials should be tested for DOX.
4.5 Measured concentration

The matrix matched external standard was used rfalysing wastewater samples. The
lake water was spiked with five different amountstdndard solution thus the concentra-

tion of the external standards were from 200-2 0. The standards were prepared as
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to figure out the losses of pharmaceutical durlrggrocess. The standards were prepared

in lake water for observing also the matrix effecthe water.

Using the concentration and the corresponding @eais the external calibration graph
equations were determined and they can be usealdolate the concentration of unknown
samples. The peak area corresponding concentrattidrO00 ng/L was clearly outlier es-
pecially for DOX and this concentration has lefidasin the formation of calibration
graph. Detection of TRI is the most sensitive wherdetection of NOR is the least sensi-
tive (Figure 13).
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e X Norfloxacin
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Figure 13: Graphs of peak areas versus concemtsatibpharmaceuticals.

The regression coefficients {Rfor all compounds are greater than 0.99 (TableT8g
regression coefficients of sulfamethoxazole andogipxacin are less than 0.996 (one of

the definition for highly linear).
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Tazble 9: Calibration graph equation for each conmpoand their regression coefficients
(R)

Compound Calibration graph equation R?

Ciprofloxacin y=3,01x-150,87 0,9955
Doxycycline y=2,75x-0,32 0,9972
Norfloxacin y=0,68x-70,34 0,9984
Sulfamethoxazole y=5,88x-522,29 0,9944
Trimethoprim y=5,95x+86,95 0,9998

TRI, CIP and SMX were those pharmaceuticals thaewietected in the influent samples
(Figure 14). Only TRI was detected all influent agffluent samples. Concentrations of
TRI in the influent samples were 171, 148 and 1% im Jyvaskyla, Kuopio and Tampe-
re, respectively. The concentrations of TRI in #f8uent samples were slightly higher
than in influent in all WWTPs (230, 233 and 175L)g/The highest measured concentra-
tion was 301 ng/L for CIP in the influent samplelyvaskyla.

350

Concentration (ng/L)

TRI TRI TRI

Influent ‘Effluen Influent LEfquen Influent Lfﬂuen

Tampere Jyvaskyla Kuopio

Figure 14: Concentration of the influent and effiusamples.

TRI was detected both from influent and effluenalhthree WWTP’s and the concentra-

tions were higher in every effluent than in inflte(Figure 14). The higher concentration
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in effluent than in influent may be due biologieativity in wastewater treatment process:
metabolites that are conjugated with inactivatingypounds may cleave back to the parent
compound (Heberer 2002). Although TRI is excreteanhty as parent compounds it has

also some metabolites (Drugs.com).

Dai et al. (2014) studied 15 pharmaceuticals and personalmaducts, including TRI, in
wastewaters in Xiaohongmen, China. The concentraifoTRI was 390 ng/L in influent
and slightly higher in effluent. On the other haidsova et al. (2014) reported some re-
moval of TRI during wastewater treatment processéiseir study: 12—-14% in one WWTP
and 44-52% in other WWTP. Also Verlicadtial. (2014) found difference of TRI concen-

tration between influent and effluent samples, 5@ 40 ng/L respectively.

Detected concentrations were similar than in litea Aysto et al. (2014) investigated
occurrence of pharmaceuticals in Finnish WWTP'tuefits and in receiving waters. Ef-
fluent samples were collected from four WWTP: Tyrkampere, Riihiméki and Mantsala
in autumn 2013. The WWTP in Tampere (Viinikanlaktgs the same plant as in this the-
sis. They studied 27 pharmaceuticals includingbgstics DOX, SMX and TRI. DOX was

detected neither in effluent nor surface water,dmth SMX and TRI were detected in all
four effluents. TRI was detected in all effluentshahigher concentration than sulfameth-
oxazole. The concentration of TRI varied from 1083-4g/L. The highest concentration

was in Tampere. The concentration of SMX was 1Q ngAll four effluents.

Occurrence of some pharmaceuticals, including Gi® MOR, in influents and effluents
has reported in research by Viegial. (2006). They studied 21 samples in 12 WWTPs. In
the influents the highest concentration of CIP w230 ng/L and median 390 ng/L (n=20).
The highest concentration of NOR was 960 ng/L ardiem 80 ng/L (n=13). In effluents
NOR was detected once (110 ng/L) and CIP 18 timiés maximum concentration 130
ng/L (median 70 ng/L).

DOX was detected neither in influent nor efflueintsghis study. Also Aystdt al. (2014)
reported they could not detected DOX in effluemtd their LOD was 10 ng/L.
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4.6 Calculated concentration

Theoretical concentration of each antibiotic hasrbealculated using equation 2. These
calculated concentrations were the highest in Jgdsand lowest in Kuopio ranging from
50 ng/L to 1.7ug/L (Table 10).

Table 10: Theoretical concentration in wastewatgluent at Jyvaskyld, Tampere and
Kuopio

Calculated concentration (ug/L)
Compound Jyvaskyla Tampere Kuopio
Ciprofloxacin 1.45 1.22 0.93
Doxycycline 0.52 0.44 0.34
Norfloxacin 0.10 0.09 0.07
Sulfamethoxazole 0.08 0.07 0.05
Trimetoprim 1.70 1.43 1.09
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Ciprofloxacin Sulfamethoxazole Trimethoprim
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Figure 15: Comparation of measured and calculadedentrations of three antibiotics.

The measured concentrations in influents were loweevery WWTP than theoretical
concentrations for CIP and TRI. The measured cdraggons for these two compounds
range from 136—-301 ng/L while the calculated cotregions were from 930-1 700 ng/L.

The seasonal variation does not explain the difiege between measured and calculated
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concentrations as the consumption of antibiotichigher in winters than in summers
(ECDC 2012). Sampling in Jyvaskyla was made in eviiEebruary) and in Tampere and
Kuopio during the spring. For SMX the measured eoi@tions (149-186 ng/L) were
slightly higher than calculated concentrations @®D-Ag/L). NOR and DOX were not de-

tected at all.

SMX is excreted as metabolites and according ¢oditire only 10% is excreted as parent
compounds and calculation in this work has perfarnvéh this 10%. If calculation is per-
formed with the worst case scenario (the excrgiarion as parent compound 100%), the
theoretical concentration will be 480-750 ng/L @zst of 50—-80 ng/L. It is possible at least
some of the metabolites can transform back to theemp compound even before

wastewater enter in WWTP.

DOX and NOR were not detected at all and the re@smid also be the fact, some of
compounds may excreted in faeces (DOX) or be adshirbthe sludge as only the liquid
phase of wastewater was studied. Vieno (2006) d&yeal in her studies the calculated and
measured concentrations were similar for severafrphceuticals (e.g. CIP and NOR), but
for ofloxacin the measured ones were five timeselothan calculated values. For some
pharmaceuticals (but not antibiotics) the measwaldes were higher than calculated

ones.
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5 CONCLUSIONS

Simultaneous SPE-HPLC-MS/MS method for five antibso(ciprofloxacin, doxycycline,
norfloxacin, sulfamethoxazole and trimethoprim) wigseloped. The optimum conditions
for SPE and MS/MS were determined. Despite of iradt poor recoveries for doxycy-
cline, ciprofloxacin and norfloxacin, the methodsarather reliable since the analysis was
carried out with the matrix matched external staddarepared in lake water. Matrix
matched external standard method was chosen besaitesele internal standards were not
available and standard addition method is too tiared resource-consuming. The devel-
oped method is simple and fast. Limits of detectiod quantification were low enough to
study these antibiotics in wastewaters, only sudflioxazole had a bit higher LOD and
LOQ, 50 ng/L and 150 ng/L, respectively.

Method was employed to determine occurrence ofetlpFgrmaceuticals in wastewater
influent and effluent in three Finnish WWTPs. Cifogacin, sulfamethoxazole and trime-
thoprim were detected in all influents and theelattlso in all effluents. Ciprofloxacin was
detected with the highest concentration: 301 nghe concentrations of trimethoprim
were higher in effluents than in influents. Thisynize due the cleavage of glucuronide
conjugates from slightly transformed metabolitesrdpwastewater treatment process, but

usual some removal of trimethoprim is reported.

Norfloxacin and doxycycline were not detected iis gtudy. Doxycycline was almost van-
ished during filtration and more investigation seded to find the best laboratory materi-

als for it.

As there are over 3 000 pharmaceutically activepmumds and dozens of different antibi-
otics from several groups in the market, so itas practical to try to detect them all. Fur-
ther studies are needed to define few indicate comgs, that can be analyzed simultane-
ously, to show the level of contamination of wasteaw and assess the risk antimicrobial

resistance.



43

ACKNOWLEDGEMENTS

This thesis was supported by Maa- ja vesitekniikda ry. | express my warm thanks to
my supervisor professor Tuula Tuhkanen for fasaigaibpic and MSc Elijah Ngumba for
patient support and guidance. | would like to th&tloratory technicians Mervi Koistinen
and Leena Siitonen. Also my sister Tuija deservgsspecial thanks. At last | liked to
thank my husband Kari and my son Akseli.



44
REFERENCES

Aysto, L., Mehtonen, J. & Kalevi, K. 2014: Kartastléskeaineista yhdyskuntajatevesissa
ja pintavesissa.

Birosova, L., Mackulak, T., Bodik, I., Ryba, J.,ubak, J. & Grabic, R. 2014: Pilot study
of seasonal occurrence and distribution of antiésoand drug resistant bac-
teria in wastewater treatment plants in Slovaki@ei&e of the Total Envi-
ronment 490, 440-444.

Chambers, E., Wagrowski-Diehl, D. M., Lu, Z. & Ma&zz J. R. 2007: Systematic and
comprehensive strategy for reducing matrix effégteC/MS/MS analyses.
Journal of Chromatography B-Analytical Technologiasthe Biomedical
and Life Sciences 852 (1-2), 22-34.

Chemspider, 2015: Royal society of Chemistry. Aafaligé at http://www.chemspider.com.
Read 27.5.2015.

Dai, G., Huang, J., Chen, W., Wang, B., Yu, G. &DBgeS. 2014: Major Pharmaceuticals
and Personal Care Products (PPCPs) in Wastewatatrmient Plant and Re-
ceiving Water in Beijing, China, and Associated lBgecal Risks. Bulletin of
environmental contamination and toxicology 92 55—661.

Daughton, C. G. & Ternes, T. A. 1999: Pharmacelsgtiaad personal care products in the
environment: Agents of subtle change? EnvironmeHtdlth Perspectives
Supplements 107, 907.

Drugbank, 2015: Open Data Drug & Drug Target Databa Available at:
http://www.drugbank.ca, read 20.5.2015.

Drugs.com, 2015: Available at: http://www.drugs.coead 20.5.2015.

ECDC, European Centre for Disease Prevention amdr@q2012): Surveillance of anti-
microbial consumption in Europe 2012. Available:
http://ecdc.europa.eu/en/publications/Publicatiamismicrobial-
consumption-europe-esac-net-2012.pdf.

Fimea, Finnish Medicines Agency, 2013: Laakekulutwsiosi 2013. Available:
http://www.fimea.fi/laaketieto/kulutustiedot.

Hao, C., Zhao, X. & Yang, P. 2007: GC-MS and HPLG halysis of bioactive pharma-
ceuticals and personal-care products in environahematrices. TrAC Trends
in Analytical Chemistry 26 (6), 569-580.

Harris, D. 2007: Quantitative Chemical Analysish édition. New York, W. H. Freeman
and Company.

Heberer, T. 2002: Occurrence, fate, and removahafmaceutical residues in the aquatic
environment: a review of recent research data. cdagy letters 131 (1-2),
5-17.



45

Hebig, K. H., Noedler, K., Licha, T. & Scheytt, I.2014: Impact of materials used in lab
and field experiments on the recovery of organicropollutants. Science of
the Total Environment 473, 125-131.

Jain, S., Kumar, P., Vyas, R. K., Pandit, P. & Da%a K. 2013: Occurrence and Removal
of Antiviral Drugs in Environment: A Review. Wat&ir and Soil Pollution
224 (2), 1410.

Jakimska, A., Kot-Wasik, A. & Namiesnik, J. 2014heTl Current State-of-the-Art in the
Determination of Pharmaceutical Residues in Enwirental Matrices Using
Hyphenated Techniques. Critical Reviews in Anabfti€hemistry 44 (3),
277-298.

Karthikeyan, K. G. & Meyer, M. T. 2006: Occurrenckantibiotics in wastewater treat-
ment facilities in Wisconsin, USA. Science of Thetdl Environment 361
(1-3), 196-207.

Kataoka, H. 2003: New trends in sample prepardtiorlinical and pharmaceutical analy-
sis. TrAC Trends in Analytical Chemistry 22 (4),22244.

Kimmerer, K. 2009a: Antibiotics in the aquatic eowiment - A review - Part Il. Chemo-
sphere 75 (4), 435-441.

Kimmerer, K. 2009b: The presence of pharmaceutioaise environment due to human
use — present knowledge and future challengesndbwf environmental
management 90 (8), 2354—-2366.

Lindberg, R., Jarnheimer, P., Olsen, B., Johangsbr& Tysklind, M. 2004: Determina-
tion of antibiotic substances in hospital sewag¢éewasing solid phase ex-
traction and liquid chromatography/mass spectromeird group analogue
internal standards. Chemosphere 57 (10), 1479-1488.

Matuszewski, B., Constanzer, M. & Chavez-Eng, Q2 ®trategies for the assessment of
matrix effect in quantitative bioanalytical methdossed on HPLC-MS/MS.
Analytical Chemistry 75 (13), 3019-3030.

McArdell, C., Alder A., Gobel A., Loffler D., SuteM. & Ternes T. 2006: Analytical
Methods In: Human Pharmaceuticals, Hormones angr&naes: The chal-
lenge of micropollutants in urban water managem&wa

Pavlovic, D. M., Babic, S., Dolar, D., Asperger, Bosutic, K., Horvat, A. J. M. & Kaste-
lan-Macan, M. 2010: Development and optimizationttd SPE procedure
for determination of pharmaceuticals in water sasfly HPLC-diode array
detection. Journal of Separation Science 33 (B;-267.

Petrovic, M., Hernando, M. D., Diaz-Cruz, M. S. &Belo, D. 2005: Liquid chromatog-
raphy-tandem mass spectrometry for the analyspghafmaceutical residues
in environmental samples: a review. Journal of @tatography a 1067 (1-
2), 1-14.

Rao, R. N., Venkateswarlu, N. & Narsimha, R. 200&termination of antibiotics in
aquatic environment by solid-phase extraction fe#id by liquid chromatog-



46

raphy-electrospray ionization mass spectrometmyrnid of Chromatography
a 1187 (1-2), 151-164.

Samanidou, V. & Karageorgou, E. 2010: Drug Monitgrby HPLC: Recent Develop-
ments. New York, Nova Science.

Seifrtova, M., Novakova, L., Lino, C., Pena, A. &lfgh, P. 2009: An overview of analyt-
ical methodologies for the determination of antiici® in environmental wa-
ters. Analytica Chimica Acta 649 (2), 158-179.

Snyder, R., Kirkland, J. J. & Glajch, J. L. 199%a&ical HPLC Method Development.
Second edition. John Wiley & Sons, Inc., New Ydthichester, Weinheim,
Brisbane, Singapore, Toronto.

Stiber, M. & Reemtsma, T. 2004: Evaluation of thcakbration methods to compensate
matrix effects in environmental analysis with LCHMS. Analytical and
Bioanalytical Chemistry 378 (4), 910-916.

Ternes, T. A. 2001: Analytical methods for the dateation of pharmaceuticals in aque-
ous environmental samples. TrAC Trends in AnalytiCaemistry 20 (8),
419-434.

Ternes, T. A. & Joss, A. 2006: Human pharmacewjdabrmones and fragrances : the
challenge of micropollutants in urban water manag@mSeattle, WA: IWA
Pub.

Toxnet (Toxicology Data Network), U.S. National taloy of Medicine. Available at:
http://toxnet.nlm.nih.gov, read 20.5.2015.

Verlicchi, P., Al Aukidy, M., Jelic, A., Petrovidyl. & Barcelo, D. 2014: Comparison of
measured and predicted concentrations of selecterm@ceuticals in
wastewater and surface water: A case study of eheent area in the Po
Valley (Italy). Science of the Total Environment}4B44-854.

Vieno, N., Tuhkanen, T. & Kronberg, L. 2006: Remlog& pharmaceuticals in drinking
water treatment: Effect of chemical coagulationviEBnmental technology
27 (2), 183-192.

Vieno, N. 2007: Occurrence of pharmaceuticals imfsh sewage treatment plants, sur-
face waters and their elimination in drinking wateeatment processes.
Tampere: Tampere University of Technology. Pubiiat Tampere Univer-
sity of Technology.

Vree TB, van der Ven AJAM, Koopmans PP, van EwignBken Kolmer EVJ, Verwey-
van Wissen 1995: Pharmacokinetics of Sulfamethdeawdth its Hydroxy
Metabolites and N4-Acetyl-, N1-Glucuronide Conjugatn Healthy Human
Volunteers. Clinical Drug Investigation 1995; 9(43-53.

WHO, Collaborating Centre for Drug Statistic Metbtmy. Available at:
http://www.whocc.no. Read 3.4.2015.



47

Ye, Z., Weinberg, H. S. & Meyer, M. T. 2007: Tra&ealysis of Trimethoprim and Sul-
fonamide, Macrolide, Quinolone, and TetracyclindiBiotics in Chlorinated
Drinking Water Using Liquid Chromatography Elecposy Tandem Mass
Spectrometry. Analytical Chemistry 79 (3), 1135-4.Dfug.com



