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Abstract

Active substances of drugs can cause various adverse effects by accumulating in the ecosystem. Many
medications are resistant to biodegradation, given the recipient media in conventional wastewater
treatment plants, and are thus released into the environment after only partial purification or no purification
at all. The study focuses on 13 different pharmaceutical compounds belonging to drug classes of anti-
depressants, antiepileptic’s, anti-inflammatories, beta-blockers, lidocaine, and stimulants. These
compounds were selected with reference to the literature as the ones most commonly encountered in
domestic wastewater, surface, and groundwater. The presence of these compounds in the wastewater
samples from Sakarya sewage and wastewater treatment plant was investigated. For this purpose,
composite samples were taken at various sampling points, and duly analyzed. The analysis revealed the
presence of the pharmaceutical residues in the sewage waters from Sakarya Municipality. Some of them
were still present in the effluent of the treatment plant. On the other hand, fluoxetine, propranolol, and
metoprolol drug active ingredients were not detected at any sampling point. Among all the compounds
examined, the highest percentage of residues were observed in the case of active caffeine and paracetamol.
In the light of these findings, advanced treatment units such as high-pressure membrane systems (including
0zonizing, ultrafiltration, and reverse osmosis) can help adsorption rates at the treatment plant, increasing
removal efficiency regarding drug compounds.

Keywords: Pharmaceutical compounds, sewage wastewater, treatment, removal

1. INTRODUCTION technology as well as economic and cultural
development, population growth, increased
average life expectancy, urbanization,

changes in income distribution, and the

Given the widespread use of personal care
products and  pharmaceuticals, their

ingredients have been seeping into aquatic
environments in ever-increasing rates. The
most critical factors leading to increased drug
consumption include socioeconomic factors
such as developments in science and
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development of healthcare systems, not to
mention the increase in the number of
individuals who can benefit from these
services [1].
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Water contamination may entail toxic effects
on aquatic organisms, with consequences on
the food chain, and cause direct effects on
humans through consuming contaminated
groundwater [2]. Usually, not all medication
intake is retained by the human body; most is
excreted in the form of urine and feces either
in their original form or as active metabolites
thereof [3]. The release of pharmaceuticals
into the environment is quantified based on
the dosage and the amount of drugs used, the
frequency and intensity of excretion from the
body, the tendency of the drug to be absorbed
into solids, and the metabolic transformation
capabilities of microorganisms in the
wastewater treatment plant/storage area [4].
The amount of medical drugs used reach
thousands of tons annually, and they
eventually find their way into the sewage and
treatment  facilities.  Although typical
concentration levels detected are in the ng/L
to low pg/L range, such micro-pollutants have
still been observed to have toxic effects on
aquatic organisms [5, 6].

These pollutants cannot be removed entirely
during wastewater treatment. In addition,
some pharmaceutical active substances are
discharged from wastewater treatment plants
to receiving environments almost unchanged.
If they are not biodegradable or cannot be
eliminated in treatment facilities, they can
reach drinking water supply [7-9]. In this
context, the problem is not limited to the drugs
used in hospitals and homes. Drugs that are
disposed of directly into the sewage system
and garbage also contribute to the issue as
primary sources of pollution [10]. Disposed
drugs can mix with leachate water from
landfills and cause pollution in aquatic
systems [11]. Against this background,
medicine ingredients that cannot be handily
removed by wastewater treatment plants
(WWTPs) cause pollution of groundwater and
drinking water by being discharged into
rivers, lakes, and estuaries [12, 13].

The conventional WWTPs’ shortcomings in
successfully ~ removing  PPCPs  from
wastewater pose major threats to aquatic
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ecosystems and local water supply systems.
There is growing concern over the detection
of PPCPs in freshwater resources, and
increasing amounts of evidence indicate the
potential adverse effects their presence could
have on aquatic life and the quality of
resources future generations of humans will
need. Most of these pollutants are persistent,
ecotoxic, and bio-accumulative by nature,
thereby posing severe threats to the aquatic
food chain and biological resources [14].

Monitoring studies have been gaining
importance in recent years due to the increase
in the production and use of chemicals in the
form of pharmaceuticals and personal care
products. These substances’ resistance to
biological treatment, the lack of strict
regulations on discharges to surface water
bodies, and the potential health risks of such
compounds in aquatic environments make the
matter even more urgent. Monitoring data on
various  pharmaceutical ~ residues in
wastewater treatment plants and treated
wastewater has been documented over the
past two decades. Most of these data have
been compiled from Europe and North
America, along with some countries in
Northeast Asia, such as Japan, South Korea,
and China. In recent years, some but
comparatively sparse data pertaining to
Southeast Asian countries have also found
their ways into the literature [15, 16].
However, a growing amount of research has
been taking place in recent years, studying
these substances’ potential effects on the
health of the ecosystem [17-19]. Various
studies found medicinal drugs and their
metabolites at high rates in wastewater
treatment plant effluents, surface waters,
underground, and drinking water. Their
ranges and concentration levels in aquatic
environments vary depending on many factors
such as location, the composition of sewage,
design and operation of wastewater treatment
facilities, proximity to wastewater facilities,
and weather conditions (especially floods)
[20,21]. The observation of micro-
contaminants arising from the use of
medicinal drugs, in aquatic environments, and
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their potential effects on living creatures in
this environment cause ever-increasing
concerns.

Until recently, regulations did not mandate
monitoring the presence of pharmaceuticals in
freshwaters or wastewaters. However,
changes were slowly breeding in the
regulatory scene. For instance, 2013 saw the
issuance of Directive 2013/39/EU in the EU,
to expand on existing directives 2000/60/EC
and 2008/105/EC. The new regulations
especially focused on pharmaceuticals in the
wider field of water policy, in a bid to control
and reduce the contamination of aquatic
environments by these compounds [22]. In
response to the changes in the regulatory
framework, new high-quality monitoring and
prioritization measures were taken to meet the
requirements as per article 16 of Directive
2000/60/EC. As part of the efforts, a watch list
covering a number of contaminants was
created. The list provided the basis of the
requirements to monitor the presence of the
contaminants named, to record data, and to
assess the risk they may pose on the
environment. The initial watch list introduced
in the decision 2015/495/EU  was
subsequently revised in 2018/840/EU. Two
years later, a further revision followed as the
Decision 2020/1161/EU. The latest decision
names the pharmaceuticals to be monitored so
as to collect data for detailed assessment.
Some of these compounds such as the
antibiotics amoxicillin, ciprofloxacin,
erythromycin, clarithromycin, azithromycin,
sulfamethoxazole, and trimethoprim; the
hormones  17-Alpha-ethinylestradiol, 17-
Beta-estradiol, and estrone; the synthetic
hormone norethisterone; the antidepressant
venlafaxine; and three antifungal
pharmaceuticals, clotrimazole, fluconazole,
miconazole were already included in earlier
versions of the watch list [23].

Pharmaceutical products monitored in this
study were selected among the products with
the highest sales in Turkey according to IMS
Turkey Pharmaceutical Index and IMS
Turkey Hospital Index. The compounds
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included in the study are Atenolol,
Paracetamol, Caffeine, Lidocaine,
Citalopram,  Carbamazepine,  Sertraline,

Naproxen, Diclofenac, Etodolac, Metoprolol,
and Propranolol. The presence of these
compounds was investigated in samples taken
from sewage and sewage treatment plants at
certain points. Measures to be taken in the
light of the data include curbing
pharmaceutical use, prohibition or restriction
of non-degradable substances. In parallel to
these efforts waste control and reduction of
discharge amounts, and appropriate storage
will gain importance. The data will certainly
inform efforts to make assessments regarding
enhancing water treatment, and working with
more advanced treatment systems.

2. MATERIAL AND METHOD
2.1. Monitored Pharmaceuticals

The pharmaceuticals monitored within the
scope of the study are presented in Table 1.

2.2. Wastewater Sampling Points and
Features
To determine the pharmaceutical

concentrations in wastewater (both domestic
and industrial) discharged into the sewage in
Sakarya, sampling points were utilized in
hospitals located on the sewerage network
connecting to the Karaman Wastewater
Treatment Facility serving the Sakarya region.
In addition, samples were taken from the
wastewater treatment plant influent and
effluent. Located in the north of Sakarya
Province, the Central Wastewater Treatment
Facility affiliated with SASKI (Sakarya Water
and  Sewage  Administration)  treats
wastewater from residences and industrial
establishments. Wastewater from industrial
establishments is pre-treated before being fed
into the wastewater treatment facility. The
facility is capable of treating 198,800 m3/day
in dry weather and 271,941 m®day in rainy
weather. The facility’s operations are based
on two basic treatment methods: physical and
biological.
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Table 1 Properties of the pharmaceuticals analyzed [24].

Pharmaceutical
products

Chemical Formula

CAS No

Molecular
weight
(g/mol)

Explanation

Atenolol

H
MMy

29122-68-7

266.3

Atenolol is a betal-selective
adrenergic antagonist.

Paracetamol

103-90-2

151.163

Paracetamol is an antipyretic
and analgesic drug
substance.

Caffeine

58-08-2

194.19

It is an alkaloid, also called
guaranine or matein.

Lidocaine

137-58-6

234.34

Lidocaine is a medicine used
to numb the tissue in a
certain area.

Citalopram

59729-33-8

324.392

It is a selective serotonin
reuptake inhibitor. Serotonin
is the most selective
molecule with the highest
specificity.

Carbamazepine

ol

t‘)\ N

=

o]

==

NH,

298-46-4

236.269

Its primary wuse is in
neuropathic pain relief and
epilepsy medicine. It is not
effective in absence seizures
and myoclonus.

Sertraline

79617-96-2

306.229

Sertraline is an
antidepressant that is a
selective serotonin reuptake
inhibitor.

Naproxen

22204-53-1

230.259

Naproxen is a non-steroidal
anti-inflammatory drug.

Diclofenac

15307-86-5

296.14

Diclofenac is an effective
medicine for pain relief on
inflammatory conditions. It
is a non-steroidal anti-
inflammatory (NSAII) group
drug.

Etodolac

41340-25-4

287.35

Etodolac is an non-steroidal
and anti-inflammatory
medicine  derived  from
indole.

Metoprolol

51384-51-1

267.369

Metoprolol is a
cardioselective beta-blocker
commonly used in the
treatment of hypertension
and angina pectoris.

Propranolol

525-66-6

259.349

Propranolol is a non-
selective beta-adrenergic
receptor  blocker  (beta-
blocker) widely used for the
treatment of hypertension,
heart rhythm, angina
pectoris, and
hyperthyroidism.

Fluoxetine

54910-89-3

309.332

Fluoxetine is a selective
serotonin reuptake inhibitor
(SSRI) commonly used as an
antidepressant.

Sakarya University Journal of Science 26(6), 1209-1223, 2022
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With the support of SASKI, the current
situation in Sakarya Province was assessed by
taking samples from specific points for a
period of six months. The sampling points are
as follows:

o Four different hospital outlets (Adatip
Hospital, Altinova Hospital, Korucuk
Training and Research Hospital,
Sakarya Training and Research
Hospital)

o Treatment plant intake and treatment
plant outlet (at Karaman Wastewater
Treatment Plant)

e One sewerage network

Sampling Points
§ © Adaup Hospital
@ Atinova Hospital

Karaman WTP Inle

Koruouk ERH
Sakarya ERH
Sewerage PS Out

[CN-N NN J

Sewerage Lines
—— Collector line (Pres
~——— Collector line (Gra\

~—— Collector line (Pres

Collector line (Grar
Network line (Pre
Network line (Gra

SASKI GENERAL DIRECTORATE - Produced by the Software and GIS Branch Office for information

Figure 1 Map of sampling points
2.3. Pollutant Analysis Method

Prior to each round of analysis, mixed
standard solution was prepared. The process
involved diluting the stock solutions with
ultrapure water produced by a Milli-Q unit.
LC-MS-MS instrument was used for the
analysis of microfoulers. The process took
place on a liquid chromatography system
(Agilent 6460 QQQ). An Agilent Poroshell C-
18 (3x100mm, 2.7um) column served as the
medium of chromatographic separation, with
5 ul injection volume. A gradient elution
program was used at 0.5 ml min“! flow rate for
both reservoirs with 5 mM ammonium
formate + 0.1% formic acid in (A) water and
(B) methanol. All samples were stored at 4°C
in dark. Standards used are Sigma-Aldrich

Sakarya University Journal of Science 26(6), 1209-1223, 2022

(Steinheim, Germany) and Dr., which were
purchased from Ehrenstorfer (Augsburg,
Germany).

MS/MS experiments were carried out on an
ion mass spectrometer running in positive ion
mode with multiple reaction monitoring
(MRM). Instrument control and data
collection functions were managed on
MassHunter analyst software. The nebulizer
was set to 35 psi, whereas the flow rate was 11
L/min. The temperature of the nebulizer was
set to 300°C. The capillary voltage setting was
3,500 V while the source temperature was set
to 400°C. The recoveries of samples extracted
for quality assurance/quality control were
calculated by comparing wastewater samples.
With  the calibration curve of 13
pharmaceuticals and good linearity, the R2
value for each micro-contaminant was found
to be higher than 0.999.

TOC, COD, SS, and Ammonia parameters

“ were set as per standard methods [25].

Analyses of pH, TDS, and conductivity
parameters were performed with a multi-
parameter measuring device (Hach HQ440d-
Hach-Lange GmBH). The analyses for COD
and TOC parameters, in turn, were based on
5310-B high-temperature catalytic oxidation
method, using the 5220-D closed colorimetric
reflux method for COD, and Teledyne
Tekmar analyzer for TOC. The suspended
solid (SSM) content of the samples was
analyzed by drying at 103-105°C temperature
range as stipulated by the 2540-D gravimetric
method. Ammonia was produced through
4500 NHs B: Pre-Distillation Method.

3. RESULTS AND DISCUSSION
3.1.Sewage water characterization
The wastewater characteristics of the samples

taken at the sampling points shown in Figure
1 are presented in Table 2.
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Table 2 Sewage water samples analysis results.

Samoling Points y Tds EC TOC COD NHs  SS
pling P (mg/L)  (uS/em)  (mg/L)  (mg/L) (mg/L) (mg/L)
Altmova 9.34 1601 827 98.60 508 24 115
Hospital

Adatip Hospital 8.02 674 327 23.64 180 4.3 25
Karaman WIP g15 953 476 2127 256 42 220
Karaman WTP g g 791 382 10.03 22 23 20
Outlet
Korucuk ERH  10.15 855 422 29.64 194 1.8 80
Sewage PS 8.13 753 368 18.79 96 42 35
Outlet
Sakarya ERH 7.78 454 218,1 68.57 332 3.1 35
3.2. Pharmaceutical Values plant removal efficiencies for these

Thirteen different pharmaceutical compounds
including Paracetamol, Caffeine, Lidocaine,
Citalopram,  Carbamazepine,  Sertraline,
Naproxen, Diclofenac, Etodolac, Metoprolol,
Propranolol, Fluoxetine (anti-depressants,
antiepileptic’s, anti-inflammatories, beta-
blockers, lidocaine, and stimulant) were found
in varying concentration levels. The results
are presented below.

3.2.1. Anti-depressants

Anti-depressants find their way into M-
WWTPs either in their original form, or in the
form of their metabolized products present in
human urine. For example, around 20 to 30
percent of fluoxetine taken is metabolized in
human body, to form the active metabolites of
the compound —i.e. fluoxetine glucuronide
and norfluoxetine—, while the rest remains
unprocessed, and eventually reaches sewage
plants [26].

Golovko et al. (2014) kept track of citalopram
and sertraline compounds in the inlet and
outlet waters of a treatment plant for one year.
At the inlet of the treatment plant, the
concentration levels of these compounds were
found to vary in the 0.027-0.18 pg/L and
0.007-0.027 pg/L ranges, respectively. At the
outlet, the measured ranges for the two
compounds were 0.03-0.12 pg/L and 0.003-
0.006 ng/ L, respectively [27]. The treatment

Sakarya University Journal of Science 26(6), 1209-1223, 2022

compounds were found to be 18% and 81%,
respectively.  Another important  study
observed fluoxetine and sertraline compounds
in fish [20].

As seen in Figure 2, in this study, fluoxetine
was not observed in any sample taken from
various points of the sewage system and at the
wastewater treatment plant’s inlet and outlet.
Sertraline, in turn, was found only at the
Korucuk Hospital sampling point, and at
0.2163 ug/L  concentration level, while
Citalopram was found only in the samples
taken at Altinova Hospital (0.9399 pg/L
concentration level) and at Korucuk Hospital
(0.2312 pg/L concentration level).

Anti-depressants
] I ] I

| BFluoxetine M Sertraline M Citalopram =

PRLLLOOoLDOS
oriwrananio~
T AT

Concentration (ug/L)

Adatip

Altmova  SewagePS

Korucuk Sakarya WTPInlkt WTP Qutlet

Figure 2 Antidepressant concentration levels at
sampling points

3.2.2. Antiepileptics

Carbamazepine is a widely prescribed
antiepileptic that is included in the EU’s watch
list of substances under the Water Framework
Directive. The compound is observed often in
groundwater, and at relatively high
concentrations then. In the literature, the
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maximum concentration levels noted for
carbamazepine was 0.39 pg/L in 42% of
samples collected from 164 locations in 23
European countries [28]. Nam et al. (2014), in
turn, measured carbamazepine concentrations
at wastewater treatment plants in the summer
and winter months, to find 0.0031-0.0307
ug/L  and 0.0052-0.0464 pg/L  ranges,
respectively [29]. In the present study, no
carbamazepine was detected in the samples
taken at the Altinova hospital (Figure 3).
However, that observation proved to be an
outlier, and concentrations in the 0.1462-
0.4651 ng/L range were observed at other
sampling locations. The concentration level at
the wastewater treatment plant’s intake was
0.2508 ug/L, compared to the 0.2438 ng/L
figure measured at the plant’s outlet. In a
similar study, carbamazepine concentration
levels in inlets and outlets of wastewater
treatment plants in different countries were
found to be in <0.04-3.78 pg/L and <0.005-
4.60 ng/L ranges, respectively. Moreover,
lifting efficiency was reported to be in the 0-
62.3% range [30]. The results of the present
study are consistent with these ranges noted in
the literature.

Anti-epileptics
] ]
2,5
H Carbamazepi
I 2
ol
=
51,5
E
g 1
g
-]
S 05
o W—= ol n o

Adatip Alova  SewagePS  Karucuk Sakaryz

Figure 3 Antiepileptic concentration levels at
sampling points

Previous  studies show that some
pharmaceutical compounds can be removed
from the wastewater through adsorption
taking place in physical purification
processes. Other compounds, such as
ibuprofen, naproxen, sulfamethoxazole, and
iopromide compounds, in turn, can be
eliminated through subsequent biological
treatment stages, which achieve 30 to 75%
removal rates for most anti-inflammatories

Sakarya University Journal of Science 26(6), 1209-1223, 2022

WTP Lalet WTP Qut

and antibiotics. Carbamazepine is not one of
them, however. Several reports show that
wastewater treatment facilities are not
effective in removing significant amounts of
carbamazepine from wastewater [31-33].

3.2.3. Anti-inflammatories

Like antibiotics, NSAIDs such as naproxen
and diclofenac can potentially be extremely
toxic for various bacteria.  Aquatic
environments as well as human life are also
subject to significant risks these substances
may pose. In response, the European Union
included diclofenac in the first version of the
watch list (WL) issued under the Water
Framework Directive (WFD) in 2015
(Decision  2915/495).  More  recently,
however, the substance was removed from the
WL under Decision 2020/1161, given the
availability of adequate levels of high quality
data produced through monitoring efforts
[26].

Ibuprofen, diclofenac and paracetamol are the
anti-inflammatories and analgesics which are
most commonly detected in groundwater. The
reason is their extensive consumption in
response to the symptoms of a number of
conditions. Mutiyar et al. (2018) noted that
diclofenac is used commonly to treat pain and
other symptoms suffered by human patients.
However, a rather less expected use case of
the substance is prevalent in livestock
farming. Nonetheless, it is observed that the
use of diclofenac on animal populations has
been decreasing due to rapid urbanization [3].
In Delhi, India, the Yamuna River into which
sewage waters are also discharged, ibuprofen
and paracetamol compounds are detected,
with average concentrations of 1.49 and 1.08
ug / L, respectively. Vystavna et al. (2017)
detected 12 compounds in samples taken in
2012 and 2015 from the influent and effluent
of the treatment plant [34]. It was also
noteworthy that the measured concentrations
of naproxen, triclosan, paracetamol, ibuprofen
and carbamazepine detected in the influent of
the plant had increased in that time frame. The
most significant increases were observed in

1215



MERT et al.

Investigation of Pharmaceuticals in Sakarya Sewage Wastewater

the case of carbamazepine and naproxen, the
concentration levels of which increased by 50
and 10 times, respectively. In contrast, the
input concentrations of diclofenac and
caffeine were reduced significantly.

The analysis of samples from Udy River
exhibited decreasing concentration levels for
diclofenac (-97%), triclosan (-88%), caffeine
(-80%), and paracetamol (-5%), and
increasing concentration levels for ibuprofen
(+80%) and carbamazepine (+96%). Removal
efficiencies observed in both years covered in
the study were greater than 80% (high) for
propranolol and naproxen, and between 50
and 80% (moderate) for other compounds
included in the analysis.

Anti-inflammatories

55 B =y M Diclofenac
50 H Etodolac

H Naproxen
Paracetamol

g30 1

Ve
o >
Adatip Altmova  SewagePS Sakarya

Figure 4 Anti-inflammatory concentration levels
at sampling points

—— D

(=R N R N )

Concceentratio:

e |

EKorueuk

In this study, as seen in Figure 4, diclofenac
was detected only in the samples taken at
Korucuk and Sakarya Hospitals, with 2.3469
pg/L and 2.3234 pg/L concentration levels,
respectively.  Etodolac, Naproxen and
Paracetamol compounds were detected in the
0.8683-5.2467 png/L, 0.2362-48.8507 pg/L,
and 13.3412-52.5798 png/L ranges for all
sampling locations, respectively. The results
presented in another study for wastewater
analyses conducted in different countries are
close to the results reached here. The
concentration level of diclofenac in
wastewater was 3 ug/L, with a corresponding
removal efficiency level of 17%. The
comparable figures for naproxen were 1.8-
40.7 pg/L and 40-100%, while the figures for
paracetamol were 6.9 ug/L and 100% [35].

Paracetamol was detected in various
European sewage wastewater treatment
plants, with concentration levels ranging

Sakarya University Journal of Science 26(6), 1209-1223, 2022
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around 6 mg/L. Higher concentration figures
were found elsewhere though, with values up
to 10 mg/L being observed in some surface
waters in the US, and up to 65 mg/L in the
Tyne River in England. In addition, a study on
organic wastewater pollutants in US waters
found paracetamol in surface waters, at a
maximum concentration of 10 ug/L with a
frequency of 23.8 % [36].

Paracetamol is the most widely used
analgesic/antipyretic globally and is a very
common occurrence in hospital wastewaters
(HWW), with concentration levels in 10! to
10® pg/L range. Paracetamol was also found
in hospital sewage samples (at 7.5 ug/L
concentration levels). Diclofenac is another
typical analgesic, with concentrations in
HWW ranging between 10-! and 10% pg/L.
Diclofenac concentrations in 0.83 to 3.59
ug/L range were detected in another set of
HWW samples [37].

3.2.4. Beta Blockers

In a study on beta blocker concentrations in
the city of Barcelona, Spain, Lopez-Serna et
al. (2013) found various concentrations of
propranolol (< 0.00938 ug/L) and metoprolol
(at most 0.355 ug/L) in groundwater samples.
In the case of wastewater, the picture varied
from site to site, with the concentrations of
atenolol observed in Cuernavaca, Mexico
were around half of those detected in India
[38].

The average concentration of atenolol
reported in wastewater worldwide is 4.5 pg/L.
At the inlet of the Acapantzingo treatment
plant in Mexico, very high concentration
levels were recorded for atenolol (0.2-3.1
ug/L) [39]. In another study, the atenolol
compound was observed in relatively
substantial concentrations as high as 21,610
pg/L in wastewater samples taken from
municipal wastewater treatment plants after
the final settling [40].

In this study, propanolol and metoprolol
compounds were not detected at any point.
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Atenolol concentration levels, in turn, were
found to be 0-0.8949 ug/L. No atenolol was
detected in the treatment plant’s inlet and
outlet (Figure 5).

In a similar study, Tran et al. (2018) found the
following concentration levels at the influent
and effluents of wastewater treatment plants
for atenolol: 0-0.294.7 pg/L in Asia, 0.5-2.642
ug/L in North America, and 0-0.0331 ug/L in
Europe. In the case of metoprolol, the
concentration levels Tran et al. found were 0-
0.0795 pg/L in Asia, 0.016-0.154 pg/L in
North America, and 0-4.148 ug/L in Europe.
Finally, their results for propranolol were 0-
0.00956 pg/L in Asia, and 0-1.962 pg/L in
Europe, which is quite low [16].
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Figure 5 Beta Blockers’ concentration levels
at sampling points

3.2.5. Lidocaine

Local anaesthetic Lidocaine (LDC), also used
as an antiarrhythmic agent, is another widely
prescribed drug. Recent studies found LDC in
wastewater samples from  wastewater
treatment plants, as well as samples taken
from some rivers and lakes in Europe and
North America. However, the data available
on the removal rates achieved at wastewater
treatment plants with respect to these
compounds and their metabolites is limited.

While the amount of LDC at various points in
Lake Constance, Switzerland was measured
as 0.001 pg/L [41], levels as high as 0.01 pg/L
were observed in surface waters in the
Netherlands [42]. Oftentimes, studies on LDC
presence in wastewater and its behavior in
treatment plants found concentration levels in
excess of 1 ug/L in untreated wastewater.
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Rarely can wastewater treatment plants
achieve complete removal of these
compounds, often resulting in their discharge
to receiving waters. The presence of these
drugs —either in their original form or in the
form of their metabolites— in surface waters is
important because their infiltration into
groundwater can pose a problem in terms of
water quality. The average LDC concentration
level noted in the literature is 0.107 pg/L, as
observed in samples from wastewater
treatment plants that only treat wastewater
from homes and hospitals [42]. In this study,
however, the Lidocaine levels in the samples
ranged from 0.2207 pg/L to 4.8735 ug/L, with
those taken at the intake of the treatment plant
being on the lower end of the range (Figure 6).
Furthermore, LDC was found to be
completely removed at the outlet of the plant.
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Figure 6 Lidocaine concentration levels at
sampling points
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3.2.6. Stimulant

Humans consume substantial amounts of
coffee, tea and soft drinks containing caffeine,
which is a most common stimulant. The
average concentration of caffeine in these
popular drinks is 360 mg/L. Upon discharge
from human body in the form of urine, the
substance reaches the sewage system. Studies
have proven that caffeine can contaminate
sewage wastewater, septic tanks, wastewater
leachate and surface waters to which
wastewater is discharged. Eventually, the
substance finds its way to ground water.

Various studies have shown the presence of
caffeine in sewage effluent, septic tanks, not
to mention landfill leachates. Eventually,
these sources lead to the contamination of
surface water. From that point on, it is only a
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matter of time for the substance to reach
groundwater sources through contamination
during the natural process of water recycling
[28].

The substance is so widely consumed, and
thus extremely high concentrations are not
surprising to find in the environment. For
instance, concentration levels reaching 146
ug/L have been reported in wastewater
samples. Average caffeine concentrations
measured at the inlets and outlets of various
wastewater treatment plants in Seville, Spain,
varied between 0.22-11.40 pg/L and 0.15-
3.20 ug/L, respectively [43]. Yet another
study reported caffeine concentration levels in
the 12-499 pg/L range in a number of samples
taken from wastewaters [44].

In the present study, the highest concentration
of caffeine was detected in the samples taken
at Korucuk Hospital, reaching 120 ug/L. The
levels for the samples taken at other sites were
also substantial. The intake of the treatment
plant contained 33.8718 pg/L caffeine.
However, it is noteworthy that the plant’s
removal rate for the substance was 100%. In
Figure 7, the caffeine concentration values at
the sampling points are given. Similar
findings are reported in the literature, with
removal efficiencies in the 49.9-99.6% range
published for conventional wastewater
treatment plants in China, Europe, Greece,
Korea, Spain, and England [30].
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Figure 7 Stimulant concentration levels at
sampling points
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It is also noteworthy that Caffeine was also
detected in Costa Rica’s WWTPs with mean
concentration in the influent being 69.9 g/L
[45].

4.  CONCLUSIONS

In the study, 13 different pharmaceutical
compounds were investigated in sewage
samples taken from 7 different measurement
points, which are mainly from Sakarya
sewerage and Karaman  Wastewater
Treatment Plant. The highest measured values
are as follows: at Altmova sampling point,
antidepressant citalopram with a
concentration level of 0.9399 pg/L, beta
blocker atenolol with a concentration level of
0.8949 pg/L and LDC with a concentration
level of 4.8735 pg/L, at the Sewage PS
sampling point, antiepileptic carbamazepine
with a concentration level of 2.5281 pg/L, and
at the Korucuk sampling point, anti-
inflammatory paracetamol with a
concentration level of 52.5798 pg/L, and
stimulant caffeine with a concentration level
of 120 pg/L. Fluoxetine, propranolol and
metoprolol pharmaceutical compounds could
not be detected at any sampling point.

The conventional treatment plant covered in
the study was found to have efficiency levels
in excess of 85% for caffeine, lidocoine and
naproxen, whereas the plant’s efficiency level
was as low as 3% for carbamazepine. For
pharmaceuticals that are difficult to remove, it
is possible to achieve better removal
efficiencies reaching 99.7% through advanced
treatment. In this context, it is advisable to
implement advanced treatment methods for
conventional treatment units as well. These
results highlight the alarming level of
contamination of surface waters, and put the
issue to the forefront of environment debate.
On the other hand, the findings of this study
show that, at current levels, there is no risk of
acute toxicity of drug active ingredients.
However, the threat of chronic effects cannot
be ignored, given the fact that of multiple
drugs find their way into water sources.
Further monitoring of aquatic environments in
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this area will make it easier to assess and
evaluate aquatic organisms’ and the
environment’s chronic or long-term exposure
to these new types pollutants. Understanding
the problem will be the first step for the efforts
to improve water quality through better
wastewater management.
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