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Abstract
The study presented the occurrence of antibiotics in 16 different hospital effluents, the removal of antibiotics in urban wastewater
treatment plant (WWTP), and the potential ecotoxicological risks of the effluent discharge on the aquatic ecosystem. The total
concentration of antibiotics in hospital effluents was ranged from 21.2 ± 0.13 to 4886 ± 3.80 ng/L in summer and from 497 ± 3.66
to 322,735 ± 4.58 ng/L in winter. Azithromycin, clarithromycin, and ciprofloxacin were detected the highest concentrations
among the investigated antibiotics. The total antibiotic load to the influent of the WWTP from hospitals was 3.46 g/day in
summer and 303.2 g/day in winter. The total antibiotic contribution of hospitals to the influent of the WWTP was determined as
13% in summer and 28% in winter. The remaining 87% in summer and 72% in winter stems from the households. The total
antibiotic removal by conventional physical and biological treatment processes was determined as 79% in summer, whereas it
decreased to 36% in winter. When the environmental risk assessment was performed, azithromycin and clarithromycin in the
effluent from the treatment plant in winter posed a high risk (RQ > 10) for the aquatic organisms (algae and fish) in the receiving
environment. According to these results, the removal efficiency of antibiotics at the WWTP is inadequate and plant should be
improved to remove antibiotics by advanced treatment processes.
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Introduction

In recent years, pharmaceuticals (PhCs) are extensively used
in human therapy and animal husbandry. PhCs are potentially
hazardous, persistent, and ubiquitous in the environment.
PhCs have become a major concern for human health and
the environment in nowadays. Because, PhCs have biologic
activity and they may cause undesired effects in non-target
organisms in environment media (Mendoza et al. 2015).
Also, these compounds are often resistant to biodegradation
in aquatic and terrestrial ecosystems. Urban wastewater is the

most important source of PhCs in an aquatic environment.
After PhCs are consumed, they are excreted into the sewerage
system in the form of parent compound at the rate of 30–90%
as active compounds (Lyons 2014). Depending on the chem-
ical properties of the compound, 5 to 90% of the antibiotics
are excreted from the body as parent compounds (Kümmerer
2009). In hospitals, large quantities of the PhCs are consumed
every day. Hospital wastewaters are generally discharged di-
rectly into the public sewerage system without any pre-
treatment (Perrodin et al. 2013; Verlicchi et al. 2012; Carraro
et al. 2016). Hospital wastewaters contribute to the load of the
PhCs in influent of a wastewater treatment plant (WWTP). It
is not known how much this contribution is (Kümmerer
2008). To date, very limited data has been reported on the
percentage contribution of hospital effluents towards the load
of pharmaceuticals in WWTPs in the literature. In addition,
unused or expired drugs are at the disposal to the sewerage
system (Kümmerer 2001; Götz and Keil 2007). Conventional
WWTP do not provide for the removal of PhCs efficiently
(Alygizakis et al. 2016; Feng et al. 2013). Therefore, PhCs
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have been detected in many environmental media such as
surface water (Vystavna et al. 2012), ground water (Fram
and Belitz 2011), drinking water (Focazio et al. 2008), waste-
water (Pedrouzo et al. 2011), and in sludge (Zhou et al. 2011)
in many countries at concentrations generally in the ng/L to
μg/L range.

Since 1940, antibiotics are extensively used for the
treatment of infectious diseases (Wang et al. 2018). They
are used as growth promotion in fish farms and livestock
(Zhou et al. 2013). Antibiotics were also generated from
biological activity and process in microorganisms, plants,
and animals (Hu et al. 2018; Kümmerer 2008). Antibiotics
are pharmaceutical compounds commonly used in hospi-
tals. It is reported that antibiotics are one of the highest
load groups from the hospitals and widely detected in hos-
pital effluents (Verlicchi et al. 2010; Santos et al. 2013;
Mendoza et al. 2015). Antibiotics should be particularly
taken into account for their role in the entry of antibiotics
into multi-resistant microorganisms in domestic wastewa-
ters (Brown et al. 2006). Of the Turkey drug consumption,
18.1% is composed of antibiotics, 8.4% of respiratory sys-
tem drugs, 6.3% of cardiovascular system drugs, 5.2% of
metabolism and digestive drugs and 3.7% of nervous sys-
tem drugs. The antibiotic consumption in Turkey is 2–3
times more than the annual consumption in European
countries. Although getting antibiotics without prescrip-
tion was possible in Turkey before 2016, the Ministry of
Health forbade the sale of antibiotics without prescription
in that year. There is no legal control mechanism on the
concentrations and/or discharges of antibiotics in the envi-
ronment in Turkey yet.

People are exposed to pharmaceutical residues in many
ways (milk, meat, contaminated fertilizer and products ex-
posed to sewage sludge, fish, and drinking water, etc.).
Many pharmaceutical compounds are detected at low concen-
trations in the environment, but the long-term effects of being
exposed to one or more low-level pollutants are unknown. In
particular, the excessive and inappropriate use of antibiotics
contributes to the spread of antibiotic resistance in the envi-
ronment. In the Water Framework Directive of the European
Union in 2012, the limit value was defined for three pharma-
ceuticals including diclofenac, 17α-ethinyl estradiol, and
17β-estradiol in the monitoring list of priority pollutants. In
2015, four pharmaceuticals including azithromycin,
clarithromycin, erythromycin, and estrone were also added
to the list. Today, there are approximately 3000 licensed phar-
maceutical products in the market. More pharmaceutical com-
pounds should be included in this list, and they should be
monitored within the water quality standards. Also, legal pro-
cedures should be developed to monitor pollutants in effluent
of WWTP. More effective studies for measurement and mon-
itoring of pharmaceuticals in the environment should be car-
ried out.

The purpose of this study is (i) to determine the concentra-
tions and distributions of antibiotics in summer and winter in
the effluents of 16 hospitals in different sizes, in the influents
and effluents of urban WWTP, (ii) to determine the antibiotic
contribution of the hospitals to the urban wastewater, (iii) to
determine the removal rate for each antibiotic compound with
the conventional WWTP, and (iv) to evaluate the potential
ecotoxicological risks for aquatic organisms in the receiving
environment. The results of the study will be useful in taking
necessary precautions before discharging hospital wastewa-
ters to the sewerage system, updating the existing urban
WWTP, and developing environmental sustainable policies
concerning pharmaceuticals.

Material and methods

Chemicals and equipment

All chemicals were of analytical reagent grade. Erythromycin
(ERY) and sulfamethazine (SMZ) were obtained from Sigma
(Switzerland), while azithromycin (AZI), sulfamethoxazole
(SMX), trimethoprim (TMP), chlortetracycline (CTC), cipro-
floxacin (CIPRO), clarithromycin (CLAR), oxytetracycline
(OXY), and doxycycline (DOXY) were obtained from Fluka
(Switzerland). CIPRO was dissolved in a methanol/
acetonitrile (17.5/7.5, v/v) containing 0.2% HCl in order to
obtain stock solutions, while TMP and CTC were dissolved
in a methanol/acetonitrile (1/1, v/v). The other remaining com-
pounds were dissolved in methanol. Prepared stock solutions
were stored in dark environments at − 20 °C in amber vials
until used. Methanol, acetonitrile, hydrochloric acid (37%),
formic acid (98%), and Na2EDTA (ethylenediaminetetraacetic
acid disodium salt solution) were obtained from Merck Co
(Darmstadt, Germany). All solvents were of HPLC grade.
Glass fiber filter (1.2 μm pore size) were acquired from
Whatman (USA); naylon (0.45 μm pore size) and PTFE sy-
ringe filters (0.22 μm pore size) were acquired from Sartorius
(Göttingen, Germany). The Oasis HLB (hydrophilic-
lipophilic) (60 mg, 3 mL) cartridges were purchased from
Waters Corporation. The high-purity nitrogen gas was obtain-
ed from the nitrogen generator (Peak Scientific). Deionized
water was purified with Millipore Milli-Q Plus water purifi-
cation system (Millipore, USA).

Wastewater samples

Hospital wastewaters: Samples were taken from effluents of
16 hospitals. Three of the hospitals are university hospitals,
one is pediatric hospital, and the others are general hospitals.
University hospitals are large hospitals with between 903 and
1298 beds. Pediatric hospital is a medium-size hospital with
363 beds. Four general hospitals are medium-sized hospitals
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with between 194 and 600 beds, while eight hospitals are
small-sized hospitals with between 27 and 103 beds.
Effluents of all the hospitals are directly discharged without
any treatment process into the combined sewerage systems
reaching the urban WWTP. The contribution of the hospitals
to the total flow entering the WWTP is approximately 3.5%.
Two experimental periods were carried out in August 2015
(summer) and in January 2016 (winter). Portable automatic
composite micro-sampler (Durko, Turkey) was used to collect
wastewater samples from each hospital. Every day, 2-
hcomposite samples were collected at 8 a.m., 4 p.m., and 8
p.m. and then samples were combined. Samples were trans-
ferred to amber glass bottles and stored at 4 °C until the anal-
ysis was performed.

Urban WWTP and samples: WWTP receives urban waste-
waters including domestic and hospital wastewaters. It was
designed for 1,600,000 population equivalent, and influent
flow rate is on 300,000 m3/day in 2030. WWTP performs
primary treatment (screening, grit removal, and preliminary
sedimentation), a biological treatment including nitrogen and
phosphorus removal, secondary sedimentation, and disinfec-
tion system with ultraviolet. Treated wastewaters are
discharged into Lake Tuz through main discharge channel.
Twenty-four-hour composite wastewater samples were taken
from the influent and effluent of WWTP. The samples were
collected on the same day with the hospital effluents.
Wastewater samples were transferred in amber glass bottles
and stored at 4 °C until the analysis was performed.

Analytical method

For analysis of antibiotics, wastewater samples were vacuum
filtered through 1.2-μm glass fiber filter followed by 0.45-μm
nylonmembrane filter. Na2EDTA reduces the binding of phar-
maceutical compounds to cations in water and thus improves
the extraction recovery of some pharmaceutical compounds
(López-Serna et al. 2011). Na2EDTA (0.1 M) was added to
achieve a final Na2EDTA concentration of 0.1% in the waste-
waters. Aliquots of 200 mLwastewaters were preconcentrated
solid-phase extraction. A lipophilic-hydrophilic balanced
Oasis HLB (60 mg, 3 mL) cartridge was conditioned at
5 mL of methanol and 5 mL of deionized water. After sample
preconcentration, cartridge was rinsed with 5 mL of deionized
water and dried under vacuum for 10 min. The elution of the
antibiotics in the cartridge was carried out with 2 × 4 mL of
methanol. The extract was evaporated to dryness under a gen-
tle nitrogen stream. Finally, it was re-dissolved in 200 μL of
methanol/water (10/90, v/v). Each sample was analyzed in
duplicate. In order to control quality, the spike sample extrac-
tion was performed regularly together with the analyses of real
samples. Also, procedural blanks were carried out for poten-
tial contamination problems.

Analyses of antibiotics were performed using liquid
chromatography (Agilent 1260 HPLC, USA), equipped
with a 6460 jet stream Triple Quadrupole mass spectro-
photometer (MS). Chromatographic separation was car-
ried out with Agilent Poroshell 120 EC-C18 (100 mm ×
3 mm, particle size 2.7 μm) column. MS detection was
performed with electrospray ionization (ESI) at the pos-
itive ion mode. Analyses were performed using eluent A
(deionized water containing 0.5% formic acid and
2 mM ammonium formate) and eluent B (methanol) at
a flow rate of 0.5 mL/min. The column temperature was
35 °C and the injection volume was 2 μL. Analytical
method validation parameters including m/z, limit of
detection (LOD), limit of quantification (LOQ), linearity
range, linearity (R2), repeatability, and recoveries obtain-
ed for target antibiotics in different matrices (WWTP
influent and WWTP effluent) are given in Table 1.
The calibration curve was prepared by using at least
seven standard solutions in the linear range given in
Table 1. R2 values were higher than 0.992 for all anti-
biotics. The LODs (signal-to-noise = 3) were determined
in the range 0.004 and 0.867 pg/L for target analytes
while the LOQs (signal-to-noise = 10) were determined
in the range 0.012 and 2.890 pg/L for target analytes.
Relative standard deviations (RSDs) were below 9.12%
for all compounds. Recoveries of the antibiotics were
determined in the range of 83 ± 5 and 102 ± 4% in
WWTP influent and 85 ± 0 and 100 ± 5% in WWTP
effluent by analyzing fortified wastewaters spiked to
2000 ng/L.

Physicochemical analysis of wastewater samples

Generally, hospital wastewater is considered as domestic
wastewater and it is discharged in the municipal sewerage
system without any pre-treatment. Parameters such as pH,
electrical conductivity (EC), total suspended solid (TSS),
and chemical oxygen demand (COD) order by legislation
for assessing the quality of a common wastewater.
Therefore, pH, EC, TSS, and COD analyses of the wastewa-
ters were carried out in the study. pH and EC measurements
were carried out after taking samples of the wastewater using
portable pH and EC meter (Hach brand). The measurement of
TSS was performed according to Standard Methods (APHA
1992). The analysis of COD was performed by using com-
mercial kits with WTW brand spectrophotometer.

Ecotoxicological risk assessment

Risk quotients (RQs) were used to evaluate the potential
ecotoxicological risks of antibiotics on the aquatic eco-
system. RQs for each antibiotics were calculated as the
quotient between their measured environmental
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concentration (MEC) and the predicted non-effect envi-
ronmental concentration (PNEC) of the substance
(European Commission 2003). The maximum concentra-
tion determined for each antibiotics in the wastewaters
was taken as MEC value. PNEC values used in the cal-
culation of environmental risk for three different trophic
levels (fish, Daphnia magna and algae) are given in
Table 2. RQ was evaluated according to commonly used
risk ranking criterion. RQ < 0.1 is considered insignifi-
cant risk (no adverse effect expected), 0.1 < RQ < 1 is
considered low risk (potential adverse effects), 1 < RQ
< 10 is considered moderate risk (probable adverse ef-
fect), and RQ > 10 is considered high risk to aquatic
organisms (adverse effect) (Verlicchi et al. 2012;
Deblonde and Hartemann 2013).

Results and discussion

Results of physicochemical analysis hospital effluents,
inlet and outlet wastewaters in WWTP

Table 3 represents physicochemical analysis data of hospital
effluents and influents and effluents of urban WWTP. The pH
values of the hospital effluents were in the range of discharge
limit values determined by KOSKI. The effluents of the
WWTP meet the discharge standards of the receiving media.
The TSS values for the hospital wastewaters range from 18 to
1124 mg/L in summer and from 92 to 1218 mg/L in winter.
TSS values of the hospitals were found to vary very much both
in summer and winter samplings. Six out of the 16 hospitals in
summer and 7 out of the 16 hospitals in winter exceeded the

Table 1 Analytical method validation parameters: m/z, limit of detection (LOD), limit of quantification (LOQ), linearity range, linearity (R2),
repeatability, recoveries obtained for target antibiotics in different matrices (WWTP influent and WWTP effluent)

Antibiotic m/z LOD
(pg/L)

LOQ
(pg/L)

Linearity
range
(μg/L)

Linearity (R2) Repeatability %
RSD (n = 5)

%Recoveries (% RSD) (n = 3)

WWTP influent WWTP effluent

AZI 749.5, 158.1 [M +H]+ 0.005 0.015 2–300 0.9928 4.65 83 ± 7 85 ± 0

ERY 734.5, 576.4 [M+H]+ 0.005 0.017 2–500 0.9992 1.52 86 ± 5 89 ± 6

SMX 254.1, 156 [M +H]+ 0.302 1.006 2–100 0.9998 9.12 92 ± 7 90 ± 4

TMP 291.1, 261.1 [M+H]+ 0.022 0.073 2–100 0.9967 2.79 85 ± 6 86 ± 1

CTC 479.1, 444.1 [M +H]+ 0.096 0.320 2–200 0.9984 1.66 99 ± 3 98 ± 4

CIPRO 332.1, 314.1 [M +H]+ 0.014 0.047 2–100 0.9989 2.27 83 ± 5 89 ± 1

CLAR 748.5, 590.4 [M +H]+ 0.004 0.012 2–200 0.9939 2.80 88 ± 3 90 ± 5

OXY 461.2, 443.1 [M +H]+ 0.867 2.890 2–300 0.9995 1.66 100 ± 8 100 ± 5

SMZ 279.1, 186 [M +H]+ 0.060 0.200 2–500 0.9974 2.40 90 ± 8 92 ± 5

DOXY 445.2, 428.1 [M +H]+ 0.225 0.748 2–500 0.9989 6.03 102 ± 4 100 ± 5

Table 2 PNEC (μg/L) values of the antibiotics analyzed in the study

Antibiotics Fisha Daphnia magna Algaeb Reference

AZI 0.09 120 0.019 Tousova et al. (2017); Cunningham et al. (2006); Harada et al. (2008)

ERY 80 0.94 0.02 Cunningham et al. (2006)

SMX 562 10 0.3 NOAA (2006); Cunningham et al. (2006)

TMP 100 60 16 Holten-Lützhøft et al. (1999); Halling-Sørensen et al. (2000); Kim et al. (2007)

CTC 1.39*105 128 267 Sanderson et al. (2003)

CIPRO 60 60 3 Halling-Sørensen et al. (2000); Park and Choi (2008); Sanderson and Thomsen (2009)

CLAR 100 18.7 0.02 Yamashita et al. (2006);Cunningham et al. (2006)

OXY 62.5 18.7 0.17 Cunningham et al. (2006); Park and Choi (2008)

SMZ 100 4 38 Cunningham et al. (2006); Sanderson et al. (2003)

DOXY 84.7 140 1.45 Veterinary Medicines Directorate (2015)

a Organism species used fish test: Pimephales promelas, Zebrafish, Oryzias latipes, Gambusia holbrooki
b Organism species used algae test: Selenastrum capricornutum, Rhodomonas salina
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discharge limit value. The effluent of WWTP meets the receiv-
ing media discharge standards for summer but do not meet the
standard values for winter. It is seen in Table 3 that both summer
and winter samplings of the hospital wastewaters meet the
limits of discharge to sewage system in terms of COD

parameter. The effluent of the WWTP meets the receiving me-
dia discharge standards for summer sampling but do not meet
the standard values for winter sampling. While there is not
much change in pH, TSS and COD values in effluents of some
hospitals are determined more higher than in influents in

Table 3 Physicochemical properties of hospital effluents (HE) and urban wastewaters (UWW) in the literature

Beds/
population
equivalent

pH EC
(μS/cm)

TSS
(mg/L)

COD
(mg/L)

Country Reference

HE1 1298 6.58–7.59 1657–1071 410–366 753–527 Turkey This study
HE2 1040 8.01–7.90 1723–1761 304–944 253–313

HE3 82 7.85–8.19 525–1024 54–860 327–425

HE4 194 7.57–7.64 3260–3020 234–968 380–440

HE5 376 7.54–7.19 1653–1213 368–258 640–717

HE6 75 7.85–8.56 668–2520 18–364 183–369

HE7 27 8.10–7.15 586–565 142–100 242–161

HE8 38 7.84–7.34 700–554 126–134 183–143

HE9 201 8.61–8.25 1104–1721 446–792 281–819

HE10 47 8.29–7.89 887–753 64–817 228–277

HE11 45 8.40–8.63 1218–1486 422–338 286–665

HE12 103 8.46–7.87 823–851 136–92 429–546

HE13 600 7.16–7.10 7970–4130 452–214 762–579

HE14 420 7.65–7.98 745–1148 226–734 288–349

HE15 74 7.41–7.27 985–798 1124–108 523–457

HE16 903 7.20–8.59 1307–1463 222–1218 405–818

UWWinf 852,267 7.93–7.20 2510–1706 592–644 944–539

UWWeff 852,267 7.50–7.70 2360–1794 11–602 489–156

HE – 6–10 Undefined 400 100 Turkey Regulation on discharge of wastewater to sewerage system
issued by Konya Water and Sewerage Administration
General Directorate (KOSKI) (WWSS)

UWWeff – 6–9 Undefined 25 90 Turkey Receiving media discharge standards for domestic wastewaters
of water pollution control regulation (WPCR)

HE 1120 – – 305 622 Portugal Varela et al. (2014)

HE – 7.5 – 126.6 662.9 Indian Periasamy and Sundaram (2013)

HE – 8.1 – 61.1 198.5 Indonesia Prayitno et al. (2013)

HE – 8 – 160 650 Italy Verlicchi et al. (2012)

HE – 8 – 160 650 Marocco Tahiri et al. (2012)

HE 560 6.8 ± 0.2 – 97 ± 33 709 ± 280 Germany Nafo (2012)

HE – 7.0–7.5 – – 221.3–379.9 Brasil Chagas et al. (2011); Prado et al. (2011)

HE 300 – – 227 ± 57 480 ± 125 Italy Galletti (2011)

HE 750 8.1 – 191.7 970.7 Spain Suarez et al. (2009)

HE – 7.42 – 231.25 628.1 Iran Safafrez et al. (2007)

HE – 6–9 – 170 320 China Liang (2007)

UWWinf 230,000 7.6 – 85 109 Italy Galletti (2011)

UWWinf 200,000 – – 334 699 Portugal Varela et al. (2014)

UWWinf 500,000 7.8 – 65.8 210.6 Spain Muela et al. (2011)

UWWinf 412,500 – – 216.7 415.2 China Zhou et al. (2012)

UWWinf – – – 238 803 India Mungray and Patel (2011)

EC electrical conductivity, TSS total suspended solid, COD chemical oxygen demand, HE hospital effluent, UWWinf urban wastewater influent, UWWeff

urban wastewater effluent
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WWTP. Table 3 also represents conventional parameter con-
centrations determined by effluents in different-size hospitals
and urban wastewater in the literature. While the pH and
COD values are similar to those detected in hospital effluents,
TSS values in the literature are lower than our results. Also, as
can be seen in Table 3, TSS and COD values in effluents of
hospitals were two or three times higher than in influents of
WWTP. In the literature, correlation analyses were carried out
to evaluate the possible relationship between the concentrations
of the pharmaceuticals and the conventional parameter in
WWTP influent wastewaters, and their removal efficiencies in
WWTP. Santos et al. (2009) determined positive correlations
between the concentration of the some pharmaceutical com-
pounds (caffeine, ibuprofen, ketoprofen and naproxen) and
some of the influent characterization parameters (TSS, BOD,
COD, TP, and Oil). The removal rates of the pharmaceutical
compounds were found to be positively or negatively correlated
with the removal of the wastewater characterization parameters.
Sari et al. (2014) observed higher correlation between
diclofenac and TSS concentrations in the WWTP influent
wastewaters. Also, the removal rate of diclofenac was found
to be correlated with nitrogen removal efficiency in WWTP.

Occurrence of antibiotics in hospital effluents
and inlet and outlet wastewaters in WWTP

The range of concentration and the mean concentration calcu-
lated for each antibiotics in hospital effluents during summer
and winter are given in Table 4. It also represents the antibiotic
values detected in the influent and effluent waters of the
WWTP. While the total antibiotic concentration in hospital
effluents was 21.2 ± 0.13–4886 ± 3.80 ng/L in summer, it
was determined as 497 ± 3.66–322,735 ± 4.58 ng/L in winter.
The total antibiotic concentrations in WWTP influent (from
166 ± 1.68 to 6735 ± 3.42 ng/L) and in WWTP effluent (from
34.7 ± 0.80 to 4315 ± 2.98 ng/L) were relatively different from
the hospital effluent. All the studied antibiotics were detected
in all samples. Only AZI, SMX, TMP, and SMZ in some
hospital effluents were determined below the method quanti-
fication limit value. AZI, CLAR, and CIPRO were detected at
highest concentrations in hospital effluents during both sum-
mer and winter. The lowest average concentration were found
for CTC, SMZ, and OXY in summer and SMX and SMZ in
winter. The most prevalent compounds among the antibiotics
were AZI, CIPRO, and CLAR in influent and effluent samples

Table 4 The concentrations of
antibiotics in hospital effluents
and WWTP wastewaters (ng/L)

Antibiotic Summer

Hospital effluent WWTP

Range Mean Median Influent Effluent

AZI <dl-2285 ± 1.25 234 ± 12.0 38.9 ± 3.80 13.1 ± 1.30 <dl

ERY 0.01 ± 0–101 ± 0.02 8.76 ± 1.73 1.37 ± 0.14 7.38 ± 3.90 6.77 ± 1.90

SMX 0.15 ± 0.02–373 ± 1.0 36.1 ± 4.93 9.51 ± 1.88 15.2 ± 1.10 4.54 ± 0.90

TMP 0.06 ± 0.001–273 ± 2.0 28.9 ± 5.24 2.02 ± 0.37 7.65 ± 0.80 3.05 ± 0.37

CTC 0.37 ± 0.07–2.85 ± 0.34 0.93 ± 0.09 0.70 ± 0.10 6.47 ± 0.21 6.41 ± 0.25

CIPRO 3.20 ± 0.64–417 ± 0.28 83.0 ± 5.96 47.2 ± 3.81 59.4 ± 4.81 6.53 ± 1.30

CLAR 1.51 ± 0.30–2070 ± 0.40 228 ± 10.0 61.3 ± 3.62 39.7 ± 4.01 3.51 ± 0.76

OXY 0.38 ± 0.06–5.40 ± 0.12 1.94 ± 0.35 1.05 ± 0.06 3.99 ± 0.27 3.51 ± 0.10

SMZ 0.03 ± 0.006–8.55 ± 0.16 1.28 ± 0.25 0.12 ± 0.02 0.90 ± 0.12 0.37 ± 0.09

DOXY 1.20 ± 0.23–32.8 ± 1.28 7.70 ± 1.50 4.49 ± 1.51 12.6 ± 0.20 <dl

∑antibiotic 21.2 ± 0.13–4886 ± 3.80 630 ± 4.20 183 ± 1.64 166 ± 1.68 34.7 ± 0.80

Winter

AZI 189 ± 9.27–162,507 ± 14 19,503 ± 7.30 3547 ± 1.88 2858 ± 5.8 1815 ± 2.89

ERY 4.63 ± 0.61–35.1 ± 4.06 10.8 ± 18.81 7.65 ± 1.56 8.35 ± 0.02 7.90 ± 0.74

SMX <dl-7.09 ± 2.00 2.08 ± 0.51 0.66 ± 0.19 <dl <dl

TMP <dl-44.9 ± 1.38 9.28 ± 3.28 <dl 27.4 ± 0.67 15.4 ± 3.85

CTC 6.54 ± 1.31–17.7 ± 1.028 10.2 ± 2.03 8.45 ± 1.47 13.7 ± 0.46 13.2 ± 3.87

CIPRO 12.5 ± 1.63–19,715 ± 13 3120 ± 9.70 1443 ± 13.9 937 ± 10.0 632 ± 6.90

CLAR 201 ± 9.55–159,732 ± 3.97 19,330 ± 8.23 3541 ± 2.30 2827 ± 5.22 1774 ± 2.03

OXY 10.5 ± 2.07–31.3 ± 2.28 17.4 ± 1.20 17.2 ± 0.71 26.8 ± 5.96 23.1 ± 3.05

SMZ <dl-4.68 ± 1.32 0.63 ± 0.23 0.32 ± 0.08 <dl <dl

DOXY 4.18 ± 1.18–62.6 ± 2.94 11.6 ± 2.89 5.52 ± 1.59 37.6 ± 4.16 35.2 ± 0.37

∑antibiotic 497 ± 3.66–322,735 ± 4.58 42,014 ± 4.80 3802 ± 2.68 6735 ± 3.42 4315 ± 2.98
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in WWTP. AZI, DOXY, SMX, and SMZ in effluent samples
in WWTP were determined below the detection limit value.
The total antibiotic concentrations detected in WWTP inlet
wastewater in winter were higher than the detected values in
summer. It can be considered that the concentration deter-
mined in wastewater increased with increase in the use of
antibiotics in winter.

Table 5 shows the antibiotic concentrations reported in lit-
erature in hospital effluents and inlet and outlet wastewaters of
WWTP. Several studies have been reported CIPRO among the
most detected in hospital effluents. CIPRO is a fluoroquino-
lone group antibiotic and over 70% excreted as parent com-
pound through urine (Marx et al. 2015). The concentration of
CIPRO detected in the study were similar with those reported
by the hospital wastewaters in Spain (Gros et al. 2013), France
(Dinh et al. 2017), China (Chang et al. 2010), and USA
(Brown et al. 2006). Otherwise, higher CIPRO concentrations
were detected in Indian (up to 236.6 μg/L), Sweden (up to
101 μg/), Norway (up to 41.752 μg/L), and Portugal (up to
38.689 μg/L). SMX, TMP, OXY, SMZ, and DOXY concen-
trations detected in hospital effluents in summer and winter
were lower than data reported in literature in Table 5. AZI and
CLAR concentrations were found reaching up to 162.5 ± 0.67
and 159.73 ± 0.97 μg/L in winter, respectively. These concen-
trations were higher than data reported for AZI and CLAR in
the literature. Among the antibiotic compounds, CIPRO was
also predominantly detected in the influent and effluent of the
WWTP. After that, CLAR and SMX were detected intensive-
ly. While AZI, CLAR, and CIPRO in the influent and effluent
of the treatment plant were lower than data detected in
Canada, they were generally found to be higher than those
detected in Spain, in Italy, and in Portugal. SMX and SMZ
were not detected in the influent and effluent of the WWTP,
but they were detected at high concentrations reported in the
other countries. There could be several reasons for different
determinations of antibiotics in hospital effluents, influent,
and effluent of WWTP. For example, number of the beds,
number and types of wards and units, average water consump-
tion, the season conducted of the study, used analytical meth-
od, number of general service (kitchen, laundry, etc.), man-
agement policies, and cultural and geographic factors.

Contribution of hospital loads to urban wastewater

The daily water consumption of hospitals for different pur-
poses and services is very high. In the literature, the
amount of wastewater per person in hospitals is 660–
1500 L/day, and 1000 L/day is used as a typical value
(Metcalf and Eddy 2003). In order to calculate the load
of antibiotics consumed in hospitals, the wastewater flow
generated per bed was accepted as 1000 L/day.bed. The
f low rate of WWTP at the t ime of sampl ing is
159,800 m3/day. The load of antibiotics discharged into

the WWTP from households was determined as 26.52 g/
day in summer and 1076 g/day in winter. The antibiotic
contributions to the influent of the WWTP from the hospi-
tals are given in Table 6. The contribution of each of the
hospital to the urban wastewater was in the range of 0.011–
3.57% in summer and 0.003–11.4% in winter. The contri-
bution rates of the hospitals do not vary depending on the
number of bed or flow in hospital. Higher antibiotic levels
were determined in domestic and hospital wastewaters dur-
ing winter related to the higher consumption during cold
season. While the total antibiotic contribution of the hos-
pitals was determined as 13.07% in summer, it was deter-
mined as 28.19% in winter. The remaining 86.93% in sum-
mer and 71.82% in winter stems from the households.
Hospital contribution to the load of the antibiotics into
urban wastewaters has no great impact. The total antibiotic
load to the influent of the WWTP from hospitals was
3.46 g/day in summer and 303.2 g/day in winter. Santos
et al. (2013) determined that approximately 40 g/day
(41%) contributed to the influent of a treatment plant of
11 antibiotics generated from 4 different hospitals in
Portugal in February and May 2011. Verlicchi et al.
(2012) conducted a study on the presence of total 73 com-
pounds in 12 different therapeutic classes in effluent of two
different hospitals and in influent and effluent of a treat-
ment plant in Italy, and as a result of their study, they found
that the highest contribution was obtained for antibiotics
(such as ofloxacin, AZI, and CLAR) and that the reason for
this was they are consumed in hospitals in large amounts
and they become stable after they are excreted from the
body. While the amount of pharmaceuticals discharged
from household totals to 62% of the total pharmaceutical
load in the WWTP, the remaining 38% stems from the
hospital. Dinh et al. (2017) assessed the concentration of
23 antibiotics discharged from hospitals and urban waste-
water to a treatment plant in France. In the study, the stud-
ied site was equipped with a separate sewerage system and
wastewater treated in WWTP included in 60% domestic
and 40% hospital effluents; the mean flow rate was
425 m3/day in WWTP. The antibiotic concentrations de-
tected at the effluent of the hospital wastewater (0.04–
17.9 μg/L) were 10 times higher than those detected in
urban wastewater (0.03–1.75 μg/L). In addition, the anti-
biotic contribution to the WWTP was determined to be
90%. The total antibiotic load to the influent of the
WWTP was determined as 1.1 and 5.3 mg/day. In our
study, sewerage system was equipped with combined sew-
erage system. The portion of the total wastewater from the
16 hospitals to the urban wastewater is approximately
3.5%. The different antibiotic contribution to the WWTP
might be explained by sewerage system, flow rate, size and
bed capacity of the hospital in the catchment, and hospital
characteristics.
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Potential environmental risks

The RQ value was calculated by considering the worst possi-
ble scenario according to the EuropeanGuidelines (2003), i.e.,
by assuming the highest level detected in the wastewater as
MEC. The RQ values calculated for antibiotics in hospital
effluent, WWTP influent, and WWTP effluent in summer
and winter are given in Table 7. RQs of AZI and CLAR were
obtained higher than 10 for fish and algae test organisms,
which means high risk to aquatic organisms. The RQs of
ERY and CLAR in summer and of AZI in winter for
Daphnia magna were determined between 1 and 10. Also,
the RQ values of ERY and CIPRO for algae and of CLAR
for fish and Daphnia were obtained between 1 and 10 mean-
ing a moderate risk for aquatic organisms. The RQs of some
antibiotics including AZI (for fish and algae), ERY (for
Daphnia and algae), SMX (for algae), CIPRO (for fish,
Daphnia and algae), CLAR (for Daphnia and algae), and
OXY (for algae) were determined between 0.1 and 1, which
indicates potential risk for aquatic organisms. The RQ values
for the other compounds were determined to be lower than 0.1
which means no negative effect is expected in the receiving
medium. When the results are evaluated in terms of test or-
ganisms,WWTP effluents in winter exhibit a high risk for fish
and algae in the receiving environment. According to these
results, the existing conventional treatment system is not suf-
ficient to reduce the potential environmental risk. Very low
antibiotic concentrations are able to select antibiotic-resistant
bacteria and also mobile genetic elements carrying antibiotic
resistance genes (Gullberg et al. 2011; Andersson and Hughes
2014; Baquero and Coque 2014). Thus, a number of antibiotic
input sources to the environment that might promote the se-
lection of antibiotic-resistant genes and bacterial strains are
highlighted. Indeed, antibiotic-resistant pathogens have
emerged and were disseminated among human and animal
populations worldwide. Pathogens such as methicillin-
resistant Staphylococcus aureus and beta lactam-resistant
Enterobacteriaceae have become a global concern (Rizzo
et al. 2013). Vancomycin-resistant Enterococci, a leading
cause of nosocomial infections, were detected in wastewater
(Rosenberg Goldstein et al. 2014). Similar results were
achieved in previous studies carried out in the literature.
Kosma et al. (2014) determined RQ values higher than 10
for TMP and SMX in the effluents of the treatment plant in
Greece, which means high risk to aquatic organisms. Santos
et al. (2013) also determined that CIPRO, SMX, AZI, CLAR,
and ofloxacin antibiotics pose a risk for algae in the receiving
environment in terms of their concentrations in effluent and
that the antibiotic removal efficiency of the treatment plant is
inadequate. There is a potential ecotoxicological risk for the
receiving environment in terms of CLAR, ERY, SMX, and
ofloxacin compounds, detected in the effluents of a treatment
plant in Italy (Verlicchi et al. 2012). As a result of the riskd
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Table 6 Antibiotic contribution of hospital effluents to the urban WWTP influents

Hospital effluent (HE) Number of beds/population Flow rate (m3/day) Antibiotic concentration (μg/L) Antibiotic load (g/day) Contribution (%)

Summer Winter Summer Winter Summer Winter

HE1 1298 1298 0.278 7.08 0.361 9.19 1.362 0.855

HE2 1040 1040 0.762 6.79 0.792 7.06 2.98 0.657

HE3 82 82 0.824 53.6 0.075 4.87 0.283 0.453

HE4 194 194 4.88 2.74 0.947 0.532 3.57 0.049

HE5 376 376 0.021 322 0.007 121 0.030 11.2

HE6 75 75 0.040 13.7 0.003 1.05 0.012 0.098

HE7 27 27 0.412 8.54 0.021 0.435 0.079 0.040

HE8 38 38 0.077 3.45 0.002 0.131 0.011 0.012

HE9 201 201 0.290 10.1 0.058 2.03 0.220 0.189

HE10 47 47 0.052 12.6 0.003 0.758 0.012 0.071

HE11 45 45 0.611 13.3 0.033 0.728 0.127 0.068

HE12 103 103 0.083 7.77 0.008 0.823 0.033 0.077

HE13 600 600 0.052 3.67 0.031 2.20 0.119 0.205

HE14 420 420 0.774 69.8 0.325 29.3 1.22 2.72

HE15 74 74 0.041 0.496 0.003 0.036 0.011 0.003

HE16 903 903 0.875 135 0.790 122 2.98 11.4

∑HE 5584 5584 10.08 672 3.46 303.2 13.07 28.18

Urban WW 852,267 159,800 0.166 6.73 26.52 1076 86.93 71.82

Table 7 Risk quotients (RQs) for antibiotics detected in the effluents from the hospital and the influents and effluents from the treatment plant

High risk (RQ >10) Medium risk (1<RQ<10) Low risk (0.1<RQ<1) Insignificant risk (RQ<0.1)

Antibiotic

Summer

Hospital effluent WWTP influent WWTP effluent

Fish
Daphnia 
magna Algae Fish

Daphnia 
magna Algae Fish

Daphnia 
magna Algae

AZI 2.54E+01 1.90E-02 1.20E+02 1.45E-01 1.09E-04 6.87E-01 0.00E+00 0.00E+00 0.00E+00

ERY 1.27E-03 1.08E-01 5.08E+00 9.23E-05 7.85E-03 3.69E-01 8.46E-05 7.20E-03 3.39E-01

SMX 6.63E-04 3.73E-02 1.24E-01 2.71E-05 1.52E-03 5.07E-03 8.08E-06 4.54E-04 1.51E-03

TMP 2.72E-03 4.54E-03 1.70E-02 7.65E-05 1.28E-04 4.78E-04 3.05E-05 5.08E-05 1.91E-04

CTC 2.05E-08 2.23E-05 1.07E-05 4.65E-08 5.05E-05 2.42E-05 4.61E-08 5.01E-05 2.40E-05

CIPRO 6.95E-03 6.95E-03 1.39E-01 9.89E-04 9.89E-04 1.98E-02 1.09E-04 1.09E-04 2.18E-03

CLAR 2.07E-02 1.11E-01 1.04E+02 3.97E-04 2.12E-03 1.98E+00 3.51E-05 1.88E-04 1.76E-01

OXY 8.63E-05 2.89E-04 3.17E-02 6.38E-05 2.13E-04 2.35E-02 5.62E-05 1.88E-04 2.06E-02

SMZ 8.55E-05 2.14E-03 2.25E-04 9.00E-06 2.25E-04 2.37E-05 3.70E-06 9.25E-05 9.74E-06

DOXY 3.88E-04 2.35E-04 2.26E-02 1.44E-04 8.69E-05 8.39E-03 0.00E+00 0.00E+00 0.00E+00

Antibiotic

Winter

Hospital effluent WWTP influent WWTP effluent

Fish
Daphnia 
magna Algae Fish

Daphnia 
magna Algae Fish

Daphnia 
magna Algae

AZI 1.81E+03 1.35E+00 8.55E+03 3.18E+01 2.38E-02 1.50E+02 2.02E+01 1.51E-02 9.55E+01

ERY 4.39E-04 3.74E-02 1.76E+00 1.04E-04 8.88E-03 4.18E-01 9.86E-05 8.39E-03 3.95E-01

SMX 8.86E-04 2.81E-04 4.86E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

TMP 4.49E-04 7.49E-04 2.81E-03 2.74E-04 4.56E-04 1.71E-03 1.54E-04 2.56E-04 9.61E-04

CTC 1.27E-07 1.38E-04 6.62E-05 9.83E-08 1.07E-04 5.12E-05 9.47E-08 1.03E-04 4.93E-05

CIPRO 3.29E-01 3.29E-01 6.57E+00 1.56E-02 1.56E-02 3.12E-01 1.05E-02 1.05E-02 2.11E-01

CLAR 1.60E+00 8.54E+00 7.99E+03 2.83E-02 1.51E-01 1.41E+02 1.77E-02 9.49E-02 8.87E+01

OXY 5.00E-04 1.67E-03 1.84E-01 4.29E-04 1.43E-03 1.58E-01 3.69E-04 1.23E-03 1.36E-01

SMZ 4.68E-05 1.17E-03 1.23E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

DOXY 7.39E-04 4.47E-04 4.32E-02 4.44E-04 2.69E-04 2.59E-02 4.16E-04 2.52E-04 2.43E-02
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assessment carried out for fluoroquinolone antibiotics in the
wastewater of a hospital in Pakistan, the RQ value of CIPRO
was determined to be 1750 for algae (Ashfaq et al. 2017). The
results show that the receiving media, where the effluents of
the treatment plant are discharged, should be given close at-
tention to because antibiotics have been discharged into the
environment at concentrations that can threaten the aquatic
ecosystem. Estimation of RQ is usually made for each com-
pound in studies and can be performed for a limited number of
compounds. Considering the environmental risks that can oc-
cur for about 3000 pharmaceuticals that are likely to reach the
surrounding environments, it is clear that the situation is much
more serious. In addition, with the industrial development, not
only pharmaceuticals but also many chemicals (such as pesti-
cides, PCBs, and PBDEs) are used in everyday life and they
mix with the wastewater with various flows. Since there are no
specific treatment plants to remove these compounds, these
pollutants are also discharged to the receiving environment. In
addition to pharmaceuticals, the cumulative risks to be gener-
ated by these compounds should be taken into consideration
and necessary precautions should be taken.

Removal of antibiotics in WWTP

Removal rate (%) of antibiotics in WWTP was calculated
using Eq. (1). minfluent and minfluent are the load of antibiotics
in WWTP influent and effluent, respectively.

Removal rate %ð Þ ¼ minfluent−meffluent
� �

minfluent
x100 ð1Þ

Figure 1 shows the removal rates of antibiotics in summer
and winter in an urban WWTP containing a physical and a

biological treatment unit with activated sludge process. While
the removal efficiency varied between 0.93 ± 0.10% (CTC)
and 100 ± 0% (AZI and DOXY) in summer, it varied between
0% (SMX and SMZ) and 44 ± 3% (TMP) in winter. The total
antibiotic removal was 79% in summer, whereas it decreased
to 36% in winter. The removal efficiency of tetracycline group
antibiotics (CTC, OXY, DOXY) was found to be lower. It has
been reported in China (Xu et al. 2007) and in Finland (Vieno
et al. 2007) that temperature affects the process and causes
lower biodegradation due to lower water temperature in win-
ter. Depending on the chemical property and structure of the
compound, the processes such as sorption and biotic or abiotic
transformation may affect the fate and transportation of the
antibiotics in the environment. Solid-liquid partition coeffi-
cient (Kd) is an important parameter that plays a role in the
removal of pharmaceuticals in wastewater treatment, and
compounds with Log Kd < 2.7 show weak sorption on the
sludge (Ternes et al. 2004). Results indicate that AZI, ERY,
SMX, CIPRO, CLAR, and SMZ having Log Kd < 2.7 values
do not constitute an important sorption on the sludge and that
the treatment is achieved through biodegradation. TMP, CTC,
and OXY may be thought to be accumulated mostly in the
sludge in terms of LogKd value. When the removal rates of
antibiotic compounds in the WWTP containing conventional
activated sludge systems in different countries are examined,
the removal efficiencies obtained for AZI, TMP, CIPRO,
CLAR, DOXY, and SMZ in summer are generally high. For
CTC and OXY compounds, the removal efficiencies obtained
both in summer and winter are generally lower. Also, it is seen
in Table 8 that negative removal efficiency was obtained for
many compounds. In New Mexico, the presence and removal
of 11 antibiotics in the influent and effluent of 6WWTPs were
examined and SMX, TMP, CIPRO, and ofloxacin were de-
tected at high concentrations in hospital wastewaters and the

Fig. 1 Antibiotic removal
efficiency (%) in the domestic
WWTP

554 Environ Sci Pollut Res (2019) 26:544–558



influent of the treatment plant. SMZ, TMP, and ofloxacin were
detected in the WWTP effluent between the ranges of 110–
470 ng/L. The removal rate of the compounds in the treatment
plant was determined between 20 and 77% (Brown et al.
2006). When the literature studies are reviewed, it is observed
that the existing treatment processes usually involve conven-
tional primary and secondary treatments and that these pro-
cesses are inadequate for the removal of many antibiotic com-
pounds, and the removal efficiency generally ranges from 10
to 100% (Santos et al. 2007; Luo et al. 2014; Verlicchi et al.
2010). Even in plants containing the same processes, different
removal efficiencies can be determined for the same com-
pounds. The removal efficiency can vary depending on the
biodegradability and physicochemical properties of the com-
pound in the water (solubility, evaporation tendency, adsorp-
tion tendency on to activated sludge), concentration of the
compound concentration, treatment process, process operat-
ing parameters, precipitation rate, and geographical
characteristics.

Conclusions

The total concentration of antibiotics in the 16 hospital waste-
waters was determined as 21.2 ± 0.13–4886 ± 3.80 ng/L
(mean 630 ± 1.64 ng/L, median 183 ± 1.64) in summer and
497 ± 3.66–322,735 ± 4.80 ng/L (mean 42,014 ± 4.80 ng/L,
median 3802 ± 2.68 ng/L) in winter. While the total antibiotic
concentration in the influents of the treatment plant was deter-
mined as 166 ± 1.68 ng/L in summer and,6375 ± 3.42 ng/L in
winter, it was determined in effluents of the WWTP as 34.7 ±
0.80 ng/L in summer and 4315 ± 3.42 ng/L in winter. AZI,

CLAR, and CIPRO were the antibiotic compounds found at
the highest concentration. The concentrations of antibiotics
detected in wastewater in winter were determined to be higher
than detected in summer. The total antibiotic contribution of
16 different hospitals to the urban wastewater was determined
as 13% for summer and 28% for winter. This means that
approximately 87% of antibiotic load in summer and 72% in
winter reaches the WWTP through domestic wastewater.
Therefore, the contribution of the general consumers to anti-
biotic load was higher than that of hospitals. Removal effi-
ciencies of antibiotics inWWTP by conventional physical and
biological treatment processes were determined as 79% in
summer and 36% in winter. AZI and CLAR in the effluent
of the hospital and the influent and effluent of the WWTP in
winter pose a high risk (HQ > 10) for the aquatic organisms
(algae and fish) in the receiving environment. These antibi-
otics might produce alterations in the gram-positive bacterial
organisms, as well as in the frequency of anaerobes (Hecht
2004). Therefore, instead of applying pre-treatment at the hos-
pitals before discharging the hospital wastewater into the sew-
erage, it is very critical for the existing domestic WWTP to be
modified with advanced treatment technologies to remove an-
tibiotics and even other pharmaceutical compounds from the
wastewater. Although there have been new technologies such
as activated carbon, UV treatment, or advanced oxidation pro-
cesses for the removal of pharmaceuticals in the wastewaters,
the best option should be found for different situations. This is
important both for ecological impact and for reducing the risk
to human health.

Environmental quality standards for priority pharmaceuti-
cals should be determined as soon as possible. Investigations
conducted on ecotoxicology, risk characterization, and water

Table 8 Removal of antibiotics in WWTP including conventional active sludge process in different country (%)

Country AZI ERY SMX TMP CTC CIPRO CLAR OXY SMZ DOXY Reference

USA 47.9 na − 35.8 − 53.1 na − 88.6 − 72.5 na − 4.6 na Blair et al. (2015)

Switzerland − 26 to 55 − 22 to 7 − 138 to 29 − 40 to 20 na na − 45 to 20 na na na Göbel et al. 2007);

Spain − 10 − 20 30–92 87 na 37–99 1 na na na Gros et al. (2010);
Collado et al. (2014)

Singapore 48.8–80.9 31.4–77.7 62.8–77.7 23.8–42.2 31.4–88 76.6–92.4 51.3–73.8 54.6–93.6 52.2–96 na Tran et al. (2016)

Korea na na 51.9 69 na na na na 13.1 na Behera et al. (2011)

Italy na 0 81 na na 71 63 nd na na Zuccato et al. (2010)

Sweden na na 0–100 3 na 58–97 na na na 70 Lindberg et al. (2005)

China na 15–26 62–90 13–42 82–85 18–55 na 44 100 na Li and Zhang (2011)

Germany − 17 to 10 na 52–78 − 12 to 5 na 54–68 − 3 to 21 na na na Marx et al. 2015

Australia na na 25 85.3 nd 83 na nd na 38 Watkinson et al.
(2007)

Turkey 100 8.3 70.2 60.1 0.93 89 91.2 12.0 58.9 100 This study (summer)

36.5 5.5 0 43.8 3.66 32.5 37.3 14.0 0 6.35 This study (winter)

na not analyzed, nd not determined
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treatment should be encouraged. Alternative drugs that are
less harmful to the environment should be used. On all these
matters, the local administration, pharmaceutical and chemical
industry, health organizations, water management authorities,
and the public should work together. The pharmaceutical in-
dustry must also keep its ends up for pollution control mea-
surement and monitoring. The development of Bgreen by
design^ medicines should be initiated as in all areas. Non-
hazardous medicines that are better adsorbed throughout the
treatment and that are less persistent in the environment
should be designed. Effective recall and disposal methods
should be established for unused pharmaceuticals. People
should be informed about how to recycle antibiotics that have
not been used or that have expired. Doctors should be encour-
aged to write prescriptions more carefully. The public should
be informed about the pharmaceutical problem in the environ-
ment and alternative medications/medicine.
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