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Abstract

In this study, an analytical methods for determination of
antidepressants including (diazepam (DZP), lorazepam
(LZP), carbamazepine (CBZ), fluoxetine (FLU)) was
developed. The concentration of antidepressants was
monitored in Konya Urban Wastewater Treatment Plant
influent and effluent samples for one years. Environmental
risk assessment was performed with detected
concentration with treatment plant effluent wastewater by
hazard quotient (HQ) methods. Oasis HLB cartridges with
SPE system was used for extraction of wastewater samples.
The effect of sample volume and pH, different analyte
concentration, pretreatment and matrix on efficiency of
cartridges were optimized. Quantitative analyses of the
target compounds were performed by LC/MS-MS system.
Recoveries of antidepressant compounds from fortified
wastewater were over 87% for three different fortification
levels. The limits of detection were determined between
0.006 and 0.118 ng I'Y. CBZ, FLU and LZP concentration in
influent varied from 6.3 to 135.6 ng I}, <dl to 2.6 ng I, <d|
to 4.8 ng I}, respectively, while DZP was not detected. CBZ,
DZP, FLU and LZP concentrations in the effluent was
determined as <dI-245.1 ng I}, <dI-0.21 ng I}, <dI-2.7 ng I},
<dI-2.2 ng I}, respectively. Antidepressants were generally
removed in January, February, and August. The high
removal was determined for CBZ compounds as %100 at
January. The low removal was determined for FLU
compounds as %2.4 at January.

While the HQ values for DZP, LZP, CBZ were determined
below 0.1 which means insignificant risk to aquatic
organisms, HQ values for FLU determined above 0.1 which
means low risk to aquatic organism

Key words: Antidepressant, removal, risk assessment,
wastewater.

1. Introduction

Nowadays, pharmaceutically active substances have
become of increasing concern due to their potential toxic
environmental effects. These compounds have been
recently classified as emerging pollutants. Pharmaceuticals
are increasingly determined in surface waters, ground

waters, and drinking water. Because, they are not removed
in conventional wastewater treatment plants. The main
resources of pharmaceuticals in environment are
metabolic waste of patients and manufacturing processes.
Antidepressants are a group of pharmaceuticals commonly
used. Antidepressants are used to treat the symptoms of
depression, sleep and eating disorders, alcohol and drug
abuse, panic, chronic pain and post-traumatic stress
disorder (Santoke et al., 2012).

12 of the top 100 prescribed pharmaceuticals were
antidepressants, in North America in 2007 (Calisto and
Esteves, 2009). According to data of 2012 from
International Marketing Services (IMS), consumption of
antidepressants in Turkey in 2003 and 2008 was 14238 and
31302 million boxes, respectively. The consumption ratio
has increased 120%. In 2012, the consumption ratio has
increased 260% and 36881 million boxes antidepressants
were consumed in Turkey.

Antidepressants are not completely metabolized by the
human body and they are excreted the unchanged parent
compound, metabolites or conjugates (Heberer, 2002).
Over 3000 different pharmaceuticals used in human and
veterinary medicines can be found in aquatic environments
(Richardson and Ternes, 2005; Fent et al., 2006).
Antidepressants are one of the important concerns for
non-target organism in aquatic and terrestrial environment
because they can affect the endocrine system and the
nervous system (Van der Ven et al., 2006).

Carbamazepine, diazepam, fluoxetine, lorazepam,
paroxetine are commonly detected in environmental
media. Presence of antidepressants in environmental
media has also been reported in some studies. For
example, diazepam was determined over 10 ng I'tin river
and potential drinking water, and was found first time less
than 1 pg I'tin wastewater treatment plant effluent in 1981.
Ternes et al., (2001) determined diazepam in wastewater
treatment plant effluent as 0.053 pg I and in river and
stream as 0.033 ug I'*. Paroxetine was found 2.1-3.0 ng I
at the point discharge of the wastewater treatment plant
in the USA (Schultz and Furlong, 2008). Kolpin et al., (2002)
determined fluoxetine at 0.012 pg I"* concentration in
surface water in USA. Pharmaceutical compounds are
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persistent in environment. Moreover, their removal is
difficult in the conventional wastewater treatment plants.
Advanced treatment methods can provide high removal
efficiency for degradation of resistant pharmaceutical
compounds. Ternes et al., (2005) reported that diazepam
removed between 50-90% by advanced oxidations process.
Radjenovic et al., (2007) reported paroxetine removed
89.7% by membrane bioreactor.

The objectives of this paper, method using SPE and LC-
MS/MS  was developed to determinate four
antidepressants (diazepam (DZP), lorazepam (LZP),
carbamazepine (CBZ), fluoxetine (FLU)) in wastewater. The
antidepressants were investigated in terms of occurrence
and removal in the influent and effluent of a WWTP in
Konya, Turkey over one year. Also potential risk was
evaluated with detected concentration in the effluent.

2. Material and methods
2.1. Materials and chemicals

DZP, LZP, CBZ, FLU standards were provided from Fluka.
Stock solutions of 1000 mg ml? of each antidepressants
were prepared in methanol and stored at -20 °C.
Acetonitrile (ACN), methanol, hydrochloric acid (%37),
formic acid (%98), Na2EDTA were purchased from Merck.
Glass fiber filters (1.2 um) were obtained from Whatman.
Nylon membrane filters (0.45 um) were obtained from
Sartorius. Oasis HLB cartridges (60 mg, 3 ml) were provided
from Waters Corporation.

2.2. Sample Collection and Preparation

For a year, 24-h composite samples of the influent and
effluent of Konya wastewater treatment plant in Turkey.
Wastewater samples were filtered through 1.2 um glass
fiber filters followed by filtration with 0.45 pum nylon
membrane filters. 0.1 M Na:EDTA was added to the
samples. Samples were either extracted immediately or
kept at 4°C until extraction.

2.3. Liquid Chromatography-Tandem Mass Spectrometry
Analysis

Liquid chromatography (LC) was performed using an
Agilent 1260 LC/MS/MS system that operated positive ion
mode electrospray ionization (ESI). Antidepressants were
separated on an Agilent Poroshell 120 EC-C18 (3.0x100
mm, 2.7 um) column. Binary gradient made of A (0.1%
formic acid and 5 mM ammonium formate in ultrapure
water), and eluent B (methanol) was used at a flow rate of
0.6 ml mint. The gradient program began with a hold for 1
min at 90% of A and 10% B, followed by a 3 min gradient to
30% of B, then a 8 min gradient to 70% and a further 2 min
gradient to 95% of eluent B and it was held constant at 95%
for 2 min. The column temperature was at 35 °C and the
volume of injection was 2 pl.

2.4. Solid Phase Extraction (SPE)

SPE method with Oasis HLB cartridge was used for
extraction and clean-up of the samples. SPE was performed
with a J.T. Baker 24 port vacuum manifold at flow rates
1 ml mint. The cartridge was conditioned with 2x2.5 ml
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methanol followed by 2x2.5 mL ultrapure water at pH of
samples. Cartridge was washed with 2x2.5 ml ultrapure
water and it was dried with air under vacuum for 5 min.
Antidepressants were eluted with 4x2.5 ml of methanol.
Extracts were evaporated until almost dryness and re-
constituted with 1 ml of methanol/water (50/50, v/v). This
procedure was applied all SPE experiments. The effect of
sample volume (100 and 200 ml) and pH (2.5 and 7.0),
different analyte concentration (100, 500, 1000 ng I'%), pre-
treatment (0.45 pum nylon membrane filter, 1.2 um glass
fiber filters) and matrix (ultrapure water, influent and
effluent) on efficiency of cartridges was optimized.

3. Results
3.1. LC/MS-MS Optimization

Table 1 shows retention time of antidepressant
compounds for Poroshell 120 EC-C18 column and ions
selected for MS/MS analysis. Table 2 also shows LOD, LOQ,
linearity, for antidepressant compounds obtained with LC-
MS/MS systems. Analytical curves were drawn using 9
points in the concentration range of 2-500 ng I. The
regression coefficients (R2) for all studied PCBs were
between 0.993 and 0.998. The limits of detection (LODs),
based on a signal-to-noise ratio (S/N) of 3, ranged from
0.006 pg It for FLU to 0.118 pg I'* for LZP.

Table 1. Retention time and m/z values of antidepressant
compounds determined by LC-MS/MS system

Compounds RT m/z
CBZ 12.388 237 [M+H]*
LZP 13.490 321-290 [M+H]*
FLU 13.672 310 [M+H]*
DzP 14.636 285-154 [M+H]*

Table 2. LOD, LOQ, linear response range, linearity values
of antidepressant compounds determined by LC-MS/MS
system

LoD LoQ Linear range

2
Compounds  (ugr)  (ugry) % (g 1)
CBz 0.034 0.114 0.9933 2-500
DZP 0.026 0.089 0.9948 2-100
FLU 0.006 0.021 0.9954 2-500
LzZP 0.118 0.393 0.9980 2-500

3.2. Optimization of SPE Procedure

The aim of the optimization procedure was to improve the
extraction efficiency with minimum sample volume and
time consumption during the extraction. Therefore, a
careful optimization of the extraction parameters would be
necessary in order to get satisfactory results. pH and
sample volume effect on efficiency of cartridges are given
in Figure 1. While the recoveries of antidepressants were
determined between 92 and 102% (SD < 6) at pH 2.5 the
recoveries were determined between 91 and 103% (SD < 8)
at pH 7. The recovery values obtained for different pH
values were not significantly different (p > 0.05). Therefore,
the optimum sample pH was chosen as pH 7. The extraction
efficiencies for antidepressant compounds increased with
increasing of the volume of sample from 100 ml (89-95%,
SD<6) to 200 ml (91-103%, SD<8). The recovery values
obtained for different sample volume were significantly
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different (p<0.05). Therefore, the optimum sample volume
was determined as 200 ml.
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Figure 1. Recoveries of antidepressants obtained for different pH and sample volume

Recovery values of antidepressants for different
fortification levels are given in Table 3. Recoveries ranged
from 90 to 95% (SD<6) for 100 ng I fortification
concentration. Comparable recoveries were also

determined 500 ng I fortification concentration (89-100%,
SD<7) and 1000 ng I'* fortification concentration (91-103%,
SD<8). The recovery values obtained for different analyte
concentration were not significantly different (p>0.05).

Table3. The recoveries of antidepressants for different fortification levels

Spiked in ultrapure water

Analytes 100 ng I 500 ng I 1000 ng I'*
Relative recovery (%) RSD (n=3) Relative recovery (%) RSD (n=3) Relative recovery (%) RSD (n=3)
CBz 90 6 100 4 91 6
LZp 94 4 98 5 103 4
FLU 90 6 89 7 101 8
Dzp 95 5 93 5 98 7

The pre-treatment procedure and matrix effects of samples
on antidepressants extraction were also investigated.
Figure 2 summarize recovery values obtained from pre-
treatment and matrix effects. The recovery values obtained
for the nylon membrane filter (0.45 um pore diameter)
were between 87 and 100% (SD<7) while the recovery
values for the glass fiber filters (1.2 um pore diameter)

were between 89 and 96% (SD<8). The recovery values
were obtained between 91-103% (SD<6) for ultrapure
water, 91-97% (SD<8) for the influent and 89-96% (SD<7)
for the effluent. As a result of the extractions, pre-
treatment and matrix have not got negative effect on
extraction.
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Figure 2. The effects of pre-treatment and matrix on recoveries of antidepressants



The recovery values obtained for the antidepressants in
literature are given in Table 4.

Verlicchi et al., (2012) investigated pharmaceutical in the
influent, effluent and hospital wastewater. Samples were
extracted using SPE with Oasis HLB cartridge and analyses
were performed by LC-MS/MS. 100 ml influent samples
and 200 ml effluent samples were used for analyses. Gros
et al., (2006) developed analytical method with SPE and LC-
MS/MS. 200 ml of effluent and 100 ml of influent were
used. The pH of the sample was adjusted as a neutral pH.
Grujic et al., (2009) was used Oasis HLB cartridge for SPE of
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surface, ground and wastewater samples. Sample volume
was 100 ml and sample pH was adjusted 3. Method for the
simultaneous determination of 24 pharmaceuticals was
developed. Good recoveries (270%) were observed for all
target pharmaceuticals when extraction was performed
using Chromabonds HR-X cartridges under acidic condition
(pH=2). 250 ml of wastewater sample and 500 ml of surface
water sample were used (Han Tran et al, 2013). The
recovery values for antidepressants determined in this
study were comparable with results determined in the
literature.

Table 4. The recoveries obtained for the antidepressants in literature (%)

Analytes Surface water WWTP influent WWTP effluent References
P93 +1 2145 + 8 2111+ 7
b67+ 6 98 + 3 97+ 5
CBz ‘98 105 + 10 93 + 12
4101+ 1.3 9101.4+ 4.4
€96+5 €89+5 Verlicchi et al., 2012
DZP 93 2103 + 3 359 + 16 bGros et al., 2006
€94+8 €93+7 ¢Grujic et al., 2009
105 + 6 2109 +9 2107 £6 9Han Tran et al., 2013
b74 +12 108 + 4 560 + 2 eThis study
FLU b67 +12 b74 +2
€97+3 1056
€102 91+1 298 + 12
LzP €91+6 €96+4

3.4. Concentration of Antidepressants in Influent and
Effluent

Antidepressants were detected Konya Wastewater
Treatment Plant influent and effluent by developed
analytical method. Figure 3 shows the range of
concentrations of antidepressants measured at the
influent and the effluent samples. While CBZ was
determined between 6.35 ng I* and 135.6 ng I in the
influent samples, CBZ was determined between <dl and
245.13 ng It in the effluent samples. DZP were not
determined in the influent samples. However, DZP in
effluent samples was determined as <dI-0.21 ng I'X. FLU in
the influent samples varied from <dl to 2.6 ng I}, and in the
effluent samples from <dI-2.7 ng IX. LZP in the influent
samples varied from <dl to 4.8 ng It and in the effluent
from <dI-2.2 ng I't. The results showed that CBZ was the
most frequently found in the influent and effluent and it
was determined in all months. CBZ is used control of grand
mal and psychomotor epilepsy and it is also effective in the
treatment of trigeminal neuralgia. CBZ is much consumed
antidepressant in worldwide. Approximately 28% of orally
administered CBZ is unchanged and subsequently
discharged through the feces (RxList, 2006). Also, its
distribution coefficient between water and sludge (Kd) is
1.2 I/kgss, so it is hardly absorbed on sludge. Therefore, CBZ
remains in aqueous phase (Ternes et al., 2004; Zhang
et al, 2008). FLU and LZP after CBZ were the most
frequently detected compounds. They were determined in
both the influent and effluent samples at January and
February. However, DZP was not detected in the influent;

it was detected only in the effluent sample taken from
February. The highest concentrations of investigated
antidepressants were detected in August, September and
October in wastewater samples. Use of antidepressants
may increase in these months because seasonal affective
disorder is a combination of biologic and mood
disturbances, typically occurring in the autumn and winter.
Also, the microbial activity and biological reactions are
reduced due to low temperatures in winter leading to
increased concentrations of pharmaceuticals in the
wastewater.

Yuan et al., (2013) found LZP at concentration 205 ng It in
the influent, 294 ng I* in effluent. FLU was measured
concentration at 120.7 ng It in the influent, <dl in effluent
(Silva et al., 2014). Lajeunesse et al., (2012) reported that
the concentrations of the antidepressants, including CBZ,
FLU, LZP in the influent wastewater ranged from <dl to
3124 ng I}, and effluent wastewater ranged from 6.6 to
2956 ng I'. The antidepressants DZP and LZP were
quantified at concentrations varying from <dl| to 250 ng I
in the influent and effluent wastewater (Verlicchi et al.,
2012). FLU was detected in treated wastewater at
concentrations up to 142 ng I and surface water at
concentrations up to 46 ng It (Metcalfe et al., 2003).
Residues of CBZ were found, in the concentration range 12-
15 ng I'* (Grujic et al., 2009). Heberer, (2012) reports CBZ
concentrations of up to 1075 ng I"* surface water samples.
W. Kolpin et al., (2002) detected FLU in streams at
concentrations up to 12 ng I'l. CBZ was reported high
concentration in literature. Different concentration
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between this study and literature may depend upon
various factors such as production, consumption,

excretion, solar irradiance, precipitation, temperature,
treatment technologies.
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Figure 3. Concentration of antidepressants in the influent and effluent WWTP (ng I%)

3.5. Removal of antidepressants in Konya Wastewater
Treatment Plant

Conventional treatment methods are applied at Konya
Urban Wastewater Treatment Plant. Konya Urban
Wastewater Treatment Plant have screens, aerated grit
and grease tanks, primary clarifiers, aeration tanks, final
sedimentation tanks, sludge thickeners, anaerobic
digesters, ultraviolet disinfection units. Effluent samples
were taken outlet of final sedimentation tank. Removals of
antidepressants in treatment plant were calculated with
detected concentration. Removals of antidepressants were
observed only at January, February and August. Removals
of antidepressants were not detected in March, April, May,
June, July, August, September, October, November,
December. The calculated removal efficiencies for CBZ,
FLU, LZP were 100%, 2.4% and 89.1% in January,
respectively. The observed removal efficiency of LZP was
calculated to 46.9% in February. CBZ was removed at 25.7%
rates. The low removal rates of antidepressants were
observed in conventional WWTP due to resistance to
biodegradation at low concentrations and less attachment
to sludge. The removal of CBZ was reported between 7%
and 35% in conventional activated sludge (Radjenovic et
al., 2007; Santos et al., 2009; Kreuzinger et al., 2004; Sudrez
etal., 2005). Suarez et al. (2005) studied the removal of DZP
during conventional activated sludge treatment plant and
they observed 8% removal. Removal of FLU in conventional
treatment plant was reported as 33%-54% by Zorita et al.,
2009 and Radjenovic et al., 2009.

The variation in the removal rates of antidepressants
during treatments observed in different studies may be a
results of different factors such as different wastewater
characteristics, operational conditions and treatment
technologies used, sampling procedures (Jelic et al., 2012).

3.6. Potential Ecotoxicological Risk

Another objective of this study is to estimate the potential
risk of Konya Wastewater Treatment Plant effluent. Risk
assessment has been carried out with HQ methods.

Measured environmental concentration (MEC)/Predicted
No Effect Concentration (PNEC) ratio is HQ value. PNEC
values were obtained with aquatic toxicity data of three
different species (fish, Daphnia magna and algae) from
different trophic levels that represent the aquatic
ecosystem (Commission of the European Communities,
1996). If HQ values are below 0.1, there is not adverse
effect which means insignificant risk. If HQ values are
between 0.1 and 1, therisk is low, If HQ values are between
1 and 10, the risk is moderate and HQ values are above 10,
the risk is high (Commission of the European Communities,
1996; Mendoza, 2015). Figure 4 shows calculated HQ
(MEC/PNEC) values. HQ values calculated with FLU
concentration of January and February samples for Algae
are above 0.1, so there is low risk. HQ values of CBZ, DZP,
FLU and LZP compounds were calculated below 0.1 for
species (fish, Daphnia magna and algae) in others months,
March, April, May, June, July, August, September, October,
November, December, meaning that no adverse effects can
be expected. Therefore, there is insignificant risk for CBZ,
DZP, FLU and LZP compounds.

Jelic et al., (2012) carried out risk assessment for WWTP
effluent wastewater. RQ (Risk quotient, MEC/PNEC) for the
three trophic levels (fish, algae and Daphnia magna) was
detected less than one. Risk assessment was evaluated,
when the RQis below 1, the risk is considered low. They are
reported indicating no direct risk for the aquatic
environment. Verlicchi, (2012) evaluated potential
environmental risk assessment for two different sized
hospitals and the influent and effluent of the municipal
treatment plant Italy. The potential risk was assessed by
means of their risk quotient values. A high risk was found
for FLU compound in the influent and the effluent of the
municipal WWTP.
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Figure 4. HQ values determined for effluent wastewaters

4, Conclusions

In this paper, antidepressant concentrations were
investigated in the influent and effluent samples taken
from taken Konya Wastewater Treatment Plant. Analyses
of antidepressants were performed with SPE and LC-
MS/MS. HQ method was used for risk evaluation.
Antidepressant concentrations in the influent varied from
<dI-135 ng It and in the effluent from <dI-245 ng I'X. Low
risk was determined at samples taken January and
February samples.

Antidepressants have been detected in surface, waste,
drinking and ground waters at ng I* and pg I levels.
However there is not enough study about antidepressants.
Antidepressants should be monitored in the environment;
there should be more research on risks posed by them.
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