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A comprehensive analysis of Turkish antibiotic data was conducted to evaluate potential environmental
risks associated with antibiotic consumption in Turkey for year 2007. Antibiotics were defined for systemic
use or group JO1 of the WHO Anatomical Therapeutic Chemical (ATC) classification system. Total emis-
sions and prescriptions for each ATC group were classified separately into 17 different JO1 categories and
three forms of medication (capsule/tablets, injectables and suspensions). Capsules and tablets were found
as the most emitted form of medication in year 2007, with a total emission rate of about 585.5 tons/year

I;ﬂmﬁ’gﬁi (76%). Total antibiotic emission rates including all forms of medications were determined to be about
Medication 664.2 tons/year (86%) and 110.1 tons/year (14%) for adult and pediatric patients, respectively. An envi-

ronmental risk assessment of 8 human antibiotics was conducted according to the EU draft guidance
(CEC/111/5504/94, draft 6, version 4) and the risk was indicated by the ratio of predicted environmental
concentration (PEC) to predicted no effect concentration (PNEC) for the aquatic environment. Available
acute and chronic toxicity data were collected from the open peer-reviewed literature to derive PNEC. Risk
quotients (PEC/PNEC) were then calculated for 8 pharmaceutical substances. PEC/PNEC ratio exceeded
1.0 for 3-lactams (cephalosporins and penicillins), fluoroquinolones, macrolides and aminoglycosides.
The findings of this study concluded that the release of these compounds from wastewater treatment
plants may potentially be of an important environmental concern based on today’s use of antibiotics in
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Turkey.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Antibiotic consumption has received a lot of attention in the
media in the last several years due to the increasing numbers
of diseases and infections becoming resistant to traditional treat-
ments for both humans and animals. However, after administration
to humans and animals in hospitals or by prescription, a high
percentage of antibiotics (up to 90%) are excreted unchanged via
urine and/or feces into domestic sewage, and are discharged to
wastewater treatment plants (WWTPs) without a second thought
[1-5]. The resultant higher concentrations of antibiotics and other
pharmaceutical products in urban waste streams have substantial
impacts on the environment and human health, which are very dif-
ficult to control using conventional practices. More importantly,
in WWTPs, these pharmaceutical compounds are only partially
removed and there is a potential for residues of antibiotics to
be released through the WWTP effluents into the aquatic envi-
ronment [3]. Therefore, urgent risk assessment and proper risk
management are needed to ensure a robust and resilient control
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of antibiotic emissions for both developed and developing coun-
tries.

The main sources of antibiotics are homes, hospitals, nursing
homes (medical treatment, disposal of unused medication), poultry
and livestock feeding operations (growth promotion), and phar-
maceutical manufacturers [6]. Kiimmerer [7] has reported that
if antibiotics used for veterinary purposes or as growth promot-
ers in animal husbandry, they seep through the soil from manure
and enter ground water. In addition, antibiotics may reach sur-
face water and ground water, and potentially drinking water if
they are not degraded or removed during sewage treatment, in
soil or in other environmental compartments [7]. Although some
antibiotics such as penicillins and ampicillin can be easily biode-
graded in the aquatic environment, however, many antibiotics such
as tetracyclines, erythromycin, metronidazole and sulphamethox-
azole may not be readily destroyed by conventional wastewater
treatment tecniques [6,8]. In addition, various antibiotics such
as sulphonamides bind strongly to sludge, soil, sediments and
manure, and may show a recalcitrant behaviour to a possible fur-
ther biodegradation. Furthermore, many antibiotics are designed
to be persistent and lipophilic, so that they can retain their chemi-
cal structure long enough to do their therapeutic work [4]. Because
of aquatic contamination by these persistent chemicals, bacteria
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Fig. 1. Distribution of provincial regions according to the availability of WWTPs in Turkey.

and other microorganisms in the aquatic environment can become
more resistant to these chemicals. This results in the develop-
ment of more antibiotic resistant and virulent pathogens in the
environment [4]. Therefore, Mowery and Loganathan [4] have indi-
cated that the persistence of pharmaceutical chemicals in the
environment has become a global problem. Similarly, Kimmerer
[7] has reported that biodegradation of persistent antibiotics in
seweage treatment plants and other conventional environmental
compartments may not be an option for the reliable removal of
these recalcitrant pharmaceutical substances and this needs more
detailed investigation.

Inrecent years, several papers have addressed the determination
of antibiotics in surface water and urban wastewater using different
analyzing methods and techniques such as liquid chromatogra-
phy (LC) combined with electrospray tandem mass spectrometry
[3], on-line solid-phase extraction (SPE) with LC mass spectrome-
try (MS) [9,10], SPE and high-performance chromatography (HPLC)
[11], off-line SPE and HPLC coupled with a diode-array ultraviolet
detector and a fluorescence detector [8], LC-electrospray tandem
MS combined with SPE and silica cartridge cleanup [12], capillary
zone electrophoresis with UV-diode-array detection [13], and solid
phase microextraction [14]. Although such monitoring studies in
surface waters or wastewaters have been published more and more
in recent years, however, there are a limited number of experi-
mental studies investigating the efficiency of distinct wastewater
treatment processes for the elimination of antibiotics [1,15-20].
Furthermore, detailed fate and behavior studies associated with
antibiotics entering the environment after being used in human
and veterinary medicine have only been reported a few in the lit-
erature, as previously reported by Gobel et al. [21]. Even though
these compounds have been evaluated as safe for human and vet-
erinary use, this is not adequate to ensure the protection of many
ecosystems that may be exposed to these substances [22]. There-
fore, a comprehensive analysis specifically devoted to a study of the
appraisal of potential environmental risks associated with antibi-
otic consumption has become an important field of investigation to
develop a continuous control strategy and to achieve an optimum
management of these compounds.

Considering the above-mentioned facts, the specific objectives
of this study were: (1) to assess the total amount of antibiotics
used in Turkey for the year 2007; (2) to evaluate adult and pedi-
atric consumptions and corresponding emission rates for each form
of medication; (3) to examine existing capacities of wastewater

treatment plants currently in Turkey for the possible removal of
antibiotics from urban waste streams; and (4) to appraise the poten-
tial environmental risks associated with antibiotic consumption in
Turkey.

2. Materials and methods
2.1. Analysis of antibiotic consumption in Turkey

In this study, antibiotics were defined for systemic use or
group JO1 of the WHO Anatomical Therapeutic Chemical (ATC)
classification system. Sales data of antibiotics for the year 2007
were collected from Pharmaceutical Manufacturers Association
of Turkey (IEIS) and IMS Health Inc. Antibiotic data were then
imported into spreadsheets of Microsoft Excel® 2000 used as ODBC
(open database connectivity) data sources for further calculations.

To calculate the total emission rate of antibiotics, dosages (g)
and/or number of tablets in boxes were multiplied by the corre-
sponding absolute number of antibiotics including injectable or
oral drugs (capsules/tablets and suspensions) sold in Turkey in year
2007. Total emissions and total consumptions for each ATC group
were then classified separately into 17 different JO1 categories: D1,
D2, F0, KO, EO, MO, A0, BO, P1, P2, P3,G1,G2, C1,C2, X1, and X9. More-
over, the total use of injectable and oral drugs were also determined
for each JO1 category to evaluate the form of antibiotic medication
prescribed in Turkey in year 2007. Finally, adult and pediatric con-
sumptions and corresponding emission rates were evaluated for
each form of medication (capsules/tablets, injectables and suspen-
sions) based on the present sales data of year 2007.

2.2. Existing capacities of WWTPs in Turkey

According to the Turkish Ministry of Environment and Forestry
[23], about 88% of province municipalities in the Aegean Region and
about 75% of province municipalities in the Mediterranean Region
have WWTPs currently in operation. These are followed by the Mar-
mara and Central Anatolia Regions with 55 and 54%, respectively.
However, presently, only about 39% of province municipalities in
the Black Sea Region and about 36% of province municipalities in the
East Anatolia Region have WWTPs currently in operation. The distri-
bution of provincial regions according to the availability of WWTPs
is depicted in Fig. 1. As shown in Fig. 1, additional investments and
specific developments appear to be needed for the construction
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Table 1

Removal of some of the most commonly used groups of antibiotics in conventional and advanced treatment processes [27].

Type of antibiotic PR (%)? (conventional treatment)

PR (%)? (advanced treatment)

PST BR FST Overall MF RO Overall
B-lactams (cephalosporins, penicillins) 14 Up to 100 —200P 99 100 - Up to 100
Quinolones (norfloxacin, ciprofloxacin) —-30° 88 —10b 83 55 75 91
Lincosamides 8 21 =21 11 56 0 91
Macrolides -¢ -¢ -¢ -¢ 52 85 91
Tetracyclines -¢ ¢ -¢ -¢ Up to 100 - Up to 100
Polyether ionophores 50 88 —234P 81 78 100 Up to 100
Sulphonamides —35b 62 —46P 25 -18 100 Up to 100
Other (trimethoprim) —gb 92 —67° 85 44 94 94
Overall —6b 92 -23 89 43 89 94

PST, primary settling tank; BR, bioreactor; FST, final settling tank; MF, microfiltration; RO, reverse osmosis.

2 Proportion removed of previous step.

b Negative values result from an observed increase of loads from inflow to outflow of the respective treatment step.

¢ No results available because of analytical interferences.

of new WWTPs, particularly in northern, eastern and northeastern
parts of the country.

Presently, the total amount of wastewater generated and dis-
charged into the sewerage systems is about 2.92 billion m3/year
in Turkey. Although 65.1% of the total discharged wastewater
(1.90 billion m3/year) is subjected to treatment in WWTPs (56.3%
of biological treatment, 31.5% of physical treatment and 12.2%
of advanced treatment), however, remaining (1.02 billion m3/year,
34.9%) is directly discharged into receiving water bodies without
any treatment [23].

2.3. Treatability of antibiotics by different treatment processes

Most of antibiotics are metabolized only incompletely or elim-
inated by patients after administration, and a high percentage
of antibiotics (between 30 and 90%) are excreted unchanged via
urine and/or feces into the municipal sewage and enter sewage
treatment plants [24,25]. Hernando et al. [26] have reported that
drugs, such as carbamazepine, atenolol, metoprolol, trimethoprim
or diclofenac are partially removed (<10% for most of them and
10-39% for diclofenac) in conventional sewage treatment plants.
Therefore, recently, different treatment technologies have been
introduced for the removal of antibiotics from wastewaters. For
instance, Watkinson et al. [27] assessed the removal of 26 human
and veterinay antibiotics in a conventional (activated sludge) and
advanced (microfiltration/reverse osmosis) WWTP system. They
reported that both treatment plants (activated sludge and MF/RO)
significantly reduced antibiotic concentrations with an average
removal rate from the liquid phase of 92%. Table 1 summarizes sev-
eral performance data [27] of different treatment configurations
on the removal of some of the most commonly used groups of
antibiotics in the world.

Kosutic et al. [16] have recently conducted experimental stud-
ies on the removal of antibiotics by reverse osmosis/nanofiltration
(RO/NF) from a model wastewater of a manufacturing plant produc-
ing pharmaceuticals for veterinary use. The authors concluded that
the rejection of the examined antibiotics (levamisole, sulfaguani-
dine, sulfhamethazine, trimethoprim, praziquantel, enrofloxacin
and oxytetracycline (OTC)) by the selected RO and the tight NF
membranes was acceptably high, exceeding in most cases 98.5%.
Another membrane system including RO and ultrafiltration (UF)
was proposed and evaluated by Li et al. [19] for the treatment of an
OTC waste liquor. In the study, with additional treatment of ultra-
filtration by 3K membranes, OTC crystallization and recovery from
the RO retentate were significantly improved with a recovery ratio
of more than 60% and a purity of higher than 80%. The authors con-
cluded that the RO/UF membrane process could be developed as an
effective alternative for the treatment of antibiotic wastewater as
well as the recovery of antibiotics from the waste liquor.

In addition to above-mentioned membrane and advanced oxi-
dation processes, the performance of a biological treatment system
(up-flow anaerobic stage reactor, UASR) treating pharmaceutical
wastewater containing macrolide antibiotics (tylosin and avil-
amycin) has also been recently investigated by Chelliapan et al. [18].
In the study, at a total hydraulic retention time (HRT) of 4.0 days
and organic loading rate of 1.86 kg COD/(m?3 day), COD reduction
was found to be 70-75%. Furthermore, an average of 95% tylosin
reduction was achieved in the UASR, indicating that this antibiotic
could be degraded efficiently in the anaerobic reactor system. The
authors have concluded that the UASR can be used as an attractive
process for the pretreatment of pharmaceutical wastewaters that
contain tylosin and avilamycin macrolide antibiotics.

2.4. Estimation of risk quotients (PEC/PNEC) according to the EU
draft guidance

The risk to aquatic organisms is calculated as the ratio between
the predicted environmental concentration (PEC), and the pre-
dicted no effect concentration (PNEC). The PEC in water can be
calculated according to the EU draft guidance (CEC/II/5504/94,
draft 6, version 4) from the following equation [22,28]:

A x (1 -R/100)

PEC(8/L) = 365 % Px V x D (1)
where A is the predicted amount used per year in the relevant geo-
graphic area (kg), R is the removal rate (due to loss by adsorption
to sludge particles by volatilisation, hydrolysis, biodegradation or
other naturally occurring processes), Pis the number of inhabitants
of the geographic area considered, V is the volume of wastewater
per capita and day (m?) (normally between 0.15 and 0.3 m3 in the
EU), and D is the dilution factor of wastewater by surface water flow
[22,28].

Although most regulatory agencies have recommended the use
of a 10-fold dilution factor (D) when estimating the PEC, how-
ever, there is an uncertainty with using D, as effluent discharges
do not always benefit from dilution [29]. For instance, Heberer et
al. [30] have reported that during the summer months in some
places of the Platt River in the US, the flow consists almost entirely
of effluent from WWTPs. Thus, environmental exposure in such
areas would not dilute 10-fold and could present a greater risk
to aquatic environment [29]. Considering potential environmen-
tal risks, Thompson [22] has suggested that the estimate should
be conducted for the EU country with the maximum A/P ratio, and
assuming the worst case conditions such as no losses (R=0) and no
dilution (D=1).

Thompson [22] hasreported thatif the PECis less than 0.01 p.g/L,
no further action is required. However, if the PEC is greater than this
value, then the ratio PEC/PNEC should be calculated. For aquatic
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Fig. 2. A detailed schematic of the methodology used for evaluating the level of environmental risk or concern associated with antibiotic consumption.

organisms, it is necessary to be able to predict the concentration
at which no effect will be observed in a particular organism [22].
For this purpose, the PNEC (u.g/L or g/L) is derived by dividing the
NOEC and ECsqg (or LCsg) by a suitable assessment factor (AF) for

Table 2

Assessment factors used in the calculation of the PNEC [31].

Endpoint Type of test Number of species AFd
NOEC @ Chronic >3 10
NOEC? Chronic 2 50
NOEC? Chronic 1 100
ECso P or LCsp © Acute >3 1000
ECs0 P or LCsp © Acute 2 1000
ECso P or LCsq © Acute 1 1000

2 No observed effect concentration (g/L or mg/L).

b Concentration where an effect is observed in 50% of the test organisms (.g/L or
mg/L).

¢ Concentration resulting in 50% of test organism lethality (jg/L or mg/L).

4 Assessment factor.

the availability of chronic and acute toxicity data. The assessment
factors used in the calculation of the PNEC is given in Table 2 [31]. In
this study, available acute and chronic toxicity data were obtained
from the open peer-reviewed literature to derive PNEC. Thereafter,
PEC/PNEC ratios were estimated, and the level of environmental
risk or concern was evaluated for each type of antibiotic depend-
ing on the estimated risk quotients (PEC/PNEC). On the basis of
the above-mentioned calculation steps, a detailed schematic of the
methodology used in this study for evaluating the level of environ-
mental risk or concern associated with antibiotic consumption is
shown in Fig. 2.

3. Results and discussion
3.1. Antibiotic emissions
The total emission rate of antibiotics (ATC group JO1 for sys-

temic use) consumed in Turkey in year 2007 was determined to be
about 774.3 tons/year. The distribution of total antibiotic emissions
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depending on the form of medication is shown in Fig. 3(a). As seen
in Fig. 3(a), capsules and tablets were found as the most emitted
form of medication in year 2007, with a total emission rate of about
585.5 tons/year (76%). The number of total antibiotics consumed in
the form of both injectable or oral medication was determined to be
about 200 millions in Turkey in year 2007. The distribution of total
antibiotic consumptions depending on the form of medication is
depicted in Fig. 3(b). As seen in Fig. 3(b), capsules/tablets (47%) and
injectable (33%) antibiotics were more prescribed than suspension
antibiotics (20%) in the past year. To evaluate the form of antibiotic
medication prescribed in Turkey in year 2007, total emissions and
total consumptions were determined for each individual antibiotic
group. Results are summarized in Table 3.

On the basis of the present sales data of antibiotics, capsules/
tablets was consisted of 12 JO1 categories: D2, D1, FO, G1, EO, MO, A0,
B0, P3,C1,C2,and X9 (Table 3). As seen in Table 3, penicillins (JO1C1)
had the highest emission rate or percentage (330.5tons/year,
56.5%) among other JO1 categories of capsules and tablets. This
was followed by fluoroquilones (JO1G1), cephalosporins (JO1D1)
and macrolides (JO1F0) with emission rates of 92.1 tons/year
(15.7%), 85.9tons/year (14.7%) and 44.1 tons/year (7.5%), respec-
tively. Amoklavin was found as the most emitted drug (about
49.6 tons/year, 15%) in the category of capsules and tablets. This
drug is generally introduced among treatment options for com-
mon upper airways (such as otitis media and sinusitis) and lower
airways (such as acute and chronic bronchitis) infections, as well as
for skin and soft tissue and for urogenital infections [32]. Therefore,
obtained results can be attributed to the fact that people in Turkey
have mainly complained about respiratory symptoms in year 2007.
Moreover, a detailed analysis of the most emitted category of

Table 3

Total emission (tons/year)

Total prescription (million/year)
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Fig. 3. Distribution of total antibiotic emissions and prescriptions depending on the
form of medication.

Detailed analysis of all JO1 categories according to the form of medications prescribed in Turkey in year 2007.

Form of medication and JO1 category Name of the most emitted drug Total emissions (tons/year) Total prescriptions (millions/year)
Overall The most emitted Overall The most emitted
Capsules and tablets
J01D2 cephalosporins Unacefin 4.10 1.30 5.40 1.65
J01D1 cephalosporins Sef 85.9 14.9 17.0 1.05
JO1FO Macrolides Klacid 441 5.8 11.5 1.00
JO1G1 fluoroquinolones Cipro 92.1 25.7 16.1 3.35
JO1EO trimethoprim Metoprim 12.9 6.2 1.36 0.36
JO1MO rifampicin/rifamycin Rifcap 1.3 1.1 0.27 0.22
JO1AO tetracyclines Tetra 6.9 2.8 2.8 0.42
JO1BO choloramphenicols Urfamycin 2.1 1.9 0.27 0.23
JO1P3 carbacephems Lorabid 0.97 0.97 0.29 0.29
JO1C1 penicillins Amoklavin 330.5 49.6 34.85 5.07
JO1C2 penicillins Alfasid 2.7 1.02 3.74 1.59
J01X9 all others Stafine 1.9 1.86 0.25 0.24
Injectable antibiotics
JO1D2 cephalosporins lespor 32.6 13.1 40.05 16.22
JO1FO macrolides Lincocin 4.8 1.75 6.86 2.91
JO1KO aminoglycosides Genta 1.73 0.73 8.38 6.57
JO1EO trimethoprim Bactrim -2 - -2 -2
JO1MO rifampicin/rifamycin Rif 0.6 0.42 3.04 2.12
JO1BO choloramphenicols Tiofen -2 - -2 -2
JO1P2 penems and carbapenems Meronen 0.38 0.21 0.53 0.21
JO01G2 fluoroquinolones Tavanic 0.095 0.037 0.28 0.074
J01X1 glycopeptide Targocid 0.13 0.059 0.27 0.16
JO1P1 monobactams Azactam -2 -2 -2 -2
JO01C2 penicillins Ampisid 5.38 1.58 6.7 2.40
Suspension antibiotics
JO1D1 cephalosporins Kefsid 22.02 433 9.28 1.1
JO1FO macrolides Deklarit 12.97 3.25 5.61 1.16
JO1EO trimethoprim Metoprim 3.5 3.25 2.04 0.22
JO1MO rifampicin/rifamycin Rifcap 0.03 0.005 0.02 0.0034
JO01BO choloramphenicols Lorabid 1.31 0.79 0.51 0.41
JO01C1 penicillins Augmentin 103.3 22.6 21.31 3.76

2 No results available.
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Table 4
Detailed analysis of the most emitted category of capsules and tablets (JO1C1 peni-
cillins) used in Turkey in year 2007.

Table 5
Detailed analysis of the most emitted category of injectable antibiotics (JO1D2
cephalosporins) used in Turkey in year 2007.

Name of drug Total emissions (tons/year) Total prescriptions

(millions/year)

Name of drug Total emissions (tons/year) Total prescriptions

(millions/year)

Amoklavin 49.6 5.07
Augmentin 439 4.45
Klamoks 30.1 3.02
Croxilex 17.8 2.01
Combicid 5.6 0.97
Largopen 46.2 3.32
Bioment 17.6 1.78
Sulcid 6.2 1.12
Alfasid 6.2 1.04
Amoksilav 15.6 1.70
Devasid 5.7 0.98
Duocid 3.5 0.93
Klavunat 9.9 1.04
Sultamat 4.7 0.85
Alfoxil 20.5 1.68
Nobecid 3.2 0.51
Ampisid 2.6 0.47
Alfasilin 9.8 0.92
Duobaktam 14 0.25
Ampisina 6.9 0.53
Klavupen 2.6 0.26
Atoksilin 5.8 0.44
Remoxil 52 0.38
Sultibac 0.6 0.11
Amoksina 3.9 0.31
Bakamsilin 23 0.31
Penbak 1.8 0.22
Duobak 0.3 0.08
Silina 0.5 0.04
Dentamax 0.6 0.04
Sultasid 0.03 0.005
Xibac 0.03 0.004
Total consumption 330.5 34.85

capsules/tablets (JO1C1 penicillins) was also carried out to evaluate
the type of oral drugs used in Turkey in year 2007 (Table 4). As seen
in Table 4, Amoklavin emission was followed by Largopen, Aug-
mentin and Klamoks with emission rates of 46.2 tons/year (14%),
43.9 tons/year (13.3%) and 30.1 tons/year (9.1%), respectively. Sim-
ilar to indications of Amoklavin, these drugs are also used to treat
upper and lower airways infections such as otitis media, sinusitis
and bronchitis [32]. Therefore, these results may support that res-
piratory symptoms are still among the most common complaints
for which patients in Turkey seek medical care.

Based on the present sales data of year 2007, the total emission
rate of injectable antibiotics was determined for 11 different JO1
categories: D2, FO, KO, EO, MO, BO, P1, P2, G2, X1, and C1 (Table 4).
Results showed that the total emission rate of injectable antibiotics
was about 45.1 tons/year. As seen in Table 3, cephalosporins (J01D2)
had the highest emission rate or percentage (32.6 tons/year, 71.3%)
among other injectable antibiotics consumed in year 2007. This
was followed by penicillins (JO1C2) and macrolides (JO1F0) with
emission rates of 5.38 tons/year (11.8%) and 4.8 tons/year (10.5%),
respectively. lespor was found as the most emitted drug (about
13.1 tons/year, 40.2%) in the category of injectable antibiotics. This
drug is mainly prescribed for the treatment of pulmonary and
chronic respiratory symptoms such as acute and subacute bron-
chitis, bronchiectasis and bronchopneumonia [32]. This result also
proves that pulmonary and respiratory diseases are highly preva-
lent among people living in Turkey in year 2007. Furthermore, a
detailed analysis of the most emitted category of injectable antibi-
otics (JO1D2 cephalosporins) was also conducted to evaluate the
type of injectable drugs used in Turkey in year 2007, as similarly
done for capsules/tablets (Table 5). As listed in Table 5, Iespor emis-
sion was followed by Cefozin and Cezol with emission rates of

lespor 13.1 16.22
Cefozin 4.1 418
Sefazol 2.8 3.71
Cezol 33 3.99
Multisef 2.2 3.45
Cefamezin 2.5 2.66
Novosef 13 1.61
Aksef 0.7 0.91
Desefin 0.7 0.88
Cefaday 0.5 0.64
Baktisef 0.3 0.40
Cefridem 0.3 0.34
Sulperazon 0.3 0.27
lesef 0.1 0.19
Cefizox 0.1 0.13
Sefotak 0.1 0.16
Fortum 0.1 0.10
Maxipime 0.06 0.07
Sefagen 0.04 0.07
Maksiporin 0.05 0.05
Equiceft 0.01 0.012
lesetum 0.01 0.012
Total consumption 32.6 39.93

4.1 tons/year (12.6%) and 3.3 tons/year (10.1%), respectively. The use
of these drugs also revealed that pulmonary and respiratory symp-
toms were among the most important health issues in Turkey in
year 2007.

To determine the total emission rate of suspension antibiotics,
six different JO1 categories (D1, FO, EO, MO, BO, C1) were analyzed
(Table 3). Results indicated that the total emission rate of sus-
pension antibiotics was determined to be about 143.1 tons/year.
As found for capsules and tablets, penicillins (JO1C1) had also the
highest emission rate or percentage (103.3 tons/year, 72.2%) among
other suspension antibiotics consumed in Turkey in year 2007.
This category (JO1C1) was followed by cephalosporins (JO1D1) and
macrolides (JO1FO) with emissionrates of about 22 tons/year (21.3%)
and 13 tons/year (12.6%), respectively. Augmentin was found as the
most emitted drug (about 22.6 tons/year, 21.9%) in the category of
suspension antibiotics. As previously done for other forms of med-
ication (capsules/tablets and injectables), a detailed analysis of the
most emitted category of suspension antibiotics (JO1C1 penicillins)
was also conducted to evaluate the type of suspension drugs used in
Turkey in year 2007 (Table 6). Table 6 shows that Augmentin emis-
sion was followed by Klamoks and Amoklavin with emission rates
of 15.3 tons/year (14.8%), and 14.3 tons/year (13.8%), respectively.
As previously reported, overall results concluded that pulmonary
and respiratory infections were found to be an important cause of
antibiotic use in patientsliving in Turkey in the past year. These find-
ings may also indicate that there are still various possible problems
in the country, such as nourishment problems, cigarette addiction
and also air pollution-based problems that can lower of the body’s
resistance against invading pathogens.

Finally, adult and pediatric consumptions and corresponding
emission rates were analyzed for each form of medication based
on the present sales data of the past year. The distribution of
percentages are illustrated in Fig. 4. Results indicated that cap-
sules/tablets and injectable antibiotics were mostly emitted and
consumed by adult patients. As expected, suspension antibiotics
were mainly consumed by pediatric patients (29.2 millions/year,
75%) compared to adult patients (9.6 millions/year, 25%). How-
ever, it can be noted that since pediatric dosages are quite lower
than those of adults, emissions of suspension antibiotics were
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Table 6
Detailed analysis of the most emitted category of suspension antibiotics (JO1C1
penicillins) used in Turkey in year 2007.

Name of drug Total emissions (tons/year) Total prescriptions

(millions/year)

Augmentin 22.6 3.76
Amoklavin 14.3 2.67
Klamoks 153 2.98
Croxilex 8.5 1.68
Combicid 2.8 0.085
Largopen 7.9 1.45
Bioment 6.2 1.20
Sulcid 1.9 0.65
Alfasid 1.7 0.59
Amoksilav 5.1 1.01
Devasid 1.4 0.43
Duocid 3.1 0.95
Klavunat 3.8 0.73
Sultamat 0.8 0.27
Alfoxil 4.4 1.1
Nobecid 0.6 0.19
Ampisid 0.4 0.13
Alfasilin 0.6 0.16
Duobaktam 0.2 0.06
Ampisina 0.4 0.10
Klavupen 0.6 0.012
Atoksilin 0.1 0.033
Remoxil 0.1 0.020
Sultibac 0.1 0.042
Amoksina 0.2 0.050
Duobak 0.2 0.074
Total consumption 103.3 21.30

found to be closer to each other (64.3 and 78.9tons/year for
adult and pediatric patients, respectively), even though there was
a noticeable difference between groups in terms of consumed
units.

Based on the present sales data of year 2007, total antibiotic
emission rates including all forms of medications were determined
to be about 664.2 tons/year (86%) and 110.1 tons/year (14%) for adult
and pediatric patients, respectively. Similarly, total antibiotic pre-

ANTIBIOTIC EMISSIONS (%)
Capsules and tablets Injectables

5% o

95% 98%

ANTIBIOTIC CONSUMPTIONS (%)
Capsules and tablets
12%

Injectables

27%

73%

88%

56%

75%

scriptions were 140.4 millions/year (70.6%) and 58.5 millions/year
(29.4%) for adult and pediatric patients, respectively. According to
Turkish Statistical Institute’s (TURKSTAT) data [33] for year 2007,
about 26.4% of total population (about 71 millions people) consists
of pediatric age group and remaining (73.6%) are adults. There-
fore, average antibiotic emissions per age group were determined
to be about 5.8 and 12.8 g/(year person) for pediatrics and adults,
respectively. Considering the total population of Turkey in 2007, the
average antibiotic emission of the country was found as 10.9 g/(year
person).

3.2. Estimation of antibiotic emissions entering into receiving
water bodies and PEC values

For the risk assessment performed in this study, we assumed
that the entire amount of anbiotics sold in Turkey in year 2007
(774.3 tons/year) was consumed, and that amount was evenly dis-
tributed over the year and throughout the population. According to
the Turkish Ministry of Environment and Forestry [23], the total
amount of wastewater presently generated and discharged into
the sewerage systems in Turkey in year 2007 was considered to
be 2.92 billion m3/year. Therefore, the volume of wastewater per
capita and day was calculated to be about 113 L (V=0.113 m3/day,
P=71 millions).

About 10% of the total antibiotic emission (about 77.5 tons/year)
was assumed to be metabolized by patients, and remaining
(696 tons/year) was considered to be entirely excreted through
urine and/or feces into domestic sewage. Although the WWTP
removal rate was set to zero in some studies dealing with this
topic [28], however, in the present study, treatment performances
of biological and advanced WWTPs were included into our scenario
to assess existing capacities of WWTPs in Turkey for the possible
removal of antibiotics, but no further losses by adsorption, volatil-
isation or hydrolysis were assumed for the effluent from WWTPs.
Based on a representative experimental data [27] given in Table 1,
antibiotic removals were selected as 90 and 95% in determination
of present final emissions discharged from biological and advanced
WWTPs, respectively.

W Adulit [] Pediatric

Suspensions Total emission

14%

86%

M Adult [] Pediatric

Suspensions Total consumption

29%

Fig. 4. Distribution of percentages depending on adult and pediatric consumptions and corresponding emission rates.
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Fig. 5. Possible sources and primary pathways for the occurrence of antibiotic residues in the aquatic environment.

The possible sources and primary pathways for the occurrence of
antibiotic residues in the aquatic environment are depicted in Fig. 5.
Results showed that a significant portion (53.5%, 414.3 tons/year) of
the total amount of antibiotics used for human medication entered
into receiving water bodies via WWTPs effluents and improper dis-
charges (Fig. 5). Although an environmental risk assessment was
performed for only human medication in this study, as seen in Fig. 5,
it can also be clearly noted that this amount will be much higher
when unused medications, veterinary purposes and pharmaceuti-
cal manufacturers are taken into account.

Considering the present Turkish antibiotic data, existing
capacities of WWTPs in Turkey and also the above-mentioned
assumptions, antibiotic emissions released from WWTPs into
receiving water bodies were estimated for each compound. There-
after, the PEC values were derived separately for each type of
antibiotic according to Eq. (1). Results are summarized in Table 7.

As seenin Table 7, since the PEC of each compound was determined
to be greater than 0.01 pg/L, in the next step, PEC/PNEC ratios were
then calculated as a further action in this study.

3.3. Estimation of risk quotients (PEC/PNEC)

Available acute and chronic toxicity data obtained from the open
peer-reviewed literature to derive the PNEC values are summa-
rized in Table 8. To assess the worst-case scenario, risk quotients
(PEC/PNEC) were estimated for undiluted (D=1) conditions, as
previously suggested by others [22,29]. Then, the level of risk or
concern derived for a specific type of antibiotic. Estimated risk
quotients and corresponding levels of potential risks to the envi-
ronment are summarized in Table 9.

As seen in Table 9, our estimations showed that [(3-lactams
(cephalosporins and penicillins), fluoroquinolones, macrolides and
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Table 7
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Estimated antibiotic emissions released from WWTPs into receiving water bodies and corresponding PEC values.

Compound ATC code Emission (tons/year) Percentage in the total PEC (pg/L), D=1 (no dilution),
discharged load (%) V=0.113 m3/(day person),
P=71 millions (inhabitants)
Cephalosporins J01D1(D2) 77.39 18.68 26.50
Macrolides JO1FO 33.10 7.99 11.34
Aminoglycosides JO1KO0 0.91 0.22 0.31
Trimethoprims JO1EO 8.78 2.12 3.01
Fluoroquinolones JO1G2 49.34 11.91 16.90
Rifampicin/rifamycin Jo1MO 1.04 0.25 0.36
Tetracyclines Jo1A0 3.69 0.89 1.26
Choloramphenicols JO01BO 1.82 0.44 0.62
Penems and carbacephems JO1P2(P3) 0.70 0.17 0.24
Penicillins J01C1(C2) 236.44 57.07 80.97
Glycopeptide Jo1X1 0.08 0.02 0.03
All others J01X9 1.04 0.24 0.36
Total values 414.33 100 141.90

aminoglycosides possessed both acute and chronic risks in the
aquatic environment with risk quotients (PEC/PNEC) greater that
the trigger level of 1.0. For fluoroquinolones, it was found that
lomefloxacin was strongly toxic to the duckweed (Lemna gibba)
(7 d NOEC wet weight <0.1-0.3 mg/L) chronically with a PEC/PNEC
ratio of 16.89 (AF = 100). In another study on the environmental risk
of antibiotics, Halling-Serensen et al. [34] similarly reported that
the risk quotient of fluoroquinolones (ciprofloxacin) was found in
the level of high environmental risk (PEC/PNEC=12.7 > 10) for the
cyanobacterium (Microcystis aeruginosa) based on the acute expo-
sure (EC59 =5-60 pg/L).

For macrolides, the risk quotient of tylosin was estimated
as 8.217 against the blue-green algae (Selenastrum capricornu-
tum) for short-term data (72 h EC5g = 1.38 mg/L). Similar to tylosin,
amoxycillin (penicillins) possessed a PEC/PNEC ratio of 8.097
against the duckweed (L. gibba) for long-term data (7d NOEC
wet weight <1 mg/L). This was followed by ciprofloxacin (fluoro-
quinolones) with PEC/PNEC ratios of 5.630 and 5.687 against the
duckweed (L. gibba) and the blue-green algae (S. capricornutum) for
long-term data (7 d NOEC wet weight <0.3 mg/L) and short-term
data (ECsg =2.97 mg/L), respectively.

Table 8

According to the present assumptions, results showed that
cephalexin (cephalosporins), ofloxacin (fluoroquinolones) and
streptomycin (aminoglycosides) possessed PEC/PNEC ratios of 2.65,
3.653 and 2.346 against the the duckweed (L. gibba), the green
algae (Pseudokrichneriella subcapitata) and the blue-green algae
(S. capricornutum), respectively. However, results indicated that
trimethoprims, tetracyclines and choloramphenicols possessed
PEC/PNEC values ranging from 0.001 to 0.574, which were below the
trigger level of 1.0. Therefore, estimated risk quotients did not rep-
resent that there were subtantial risks associated with the release
of these compounds (trimethoprims, tetracyclines and choloram-
phenicols). On the other hand, our estimations clearly indicated
that the release of five human antibiotics (cephalosporins, peni-
cillins, fluoroquinolones, macrolides and aminoglycosides) from
WWTPs may potentially be of a significant environmental con-
cern based on today’s use of antibiotics in Turkey (Table 9). It
can also be noted that although the risk quotients of lomefloxacin
(PEC/PNEC = 8.445, AF=50), tylosin (PEC/PNEC=28.217, AF=1000)
and amoxycillin (PEC/PNEC = 8.097, AF = 100) were estimated in the
level of moderate environmental risk (1 <PEC/PNEC < 10), how-
ever, they were found to be potentially closer to the level of high

Open peer-reviewed literature data considered in estimation of risk quotients (PEC/PNEC).

Type of antibiotic

Aquatic toxicity data

Compound Chemical name Species Common type Type of test  Endpoint concentration (mg/L) References
Cephalosporins Cephalexin L. gibba Duckweed Chronic 7 d NOEC Wet weight <1 mg/L [35]
Macrolides Erythromycin L. gibba Duckweed Chronic 7 d NOEC Wet weight <1 mg/L [35]
Macrolides Tylosin L. gibba Duckweed Chronic 7 d NOEC Wet weight <0.3 mg/L [35]
Macrolides Erythromycin Daphnia magna Water flea Acute 48 h ECsp =30.5 mg/L [36]
Macrolides Tylosin S. capricornutum Blue-green algae Acute 72 h ECsp = 1.38 mg/L [37]
Fluoroquinolones Ciprofloxacin L. gibba Duckweed Chronic 7 d NOEC Wet weight <0.3 mg/L [35]
Fluoroquinolones Lomefloxacin L. gibba Duckweed Chronic 7 d NOEC Wet weight < 0.1 mg/L [35]
Fluoroquinolones Norfloxacin L. gibba Duckweed Chronic 7 d NOEC Wet weight<1mg/L [35]
Fluoroquinolones Ciprofloxacin S. capricornutum Blue-green algae Acute ECs50=2.97 mg/L [37]
Fluoroquinolones Lomefloxacin Scenedesmus vacuolatus ~ Green algae Acute ECso =58 mg/L [37]
Fluoroquinolones Norfloxacin S. vacuolatus Green algae Acute ECs0 =69.6 mg/L [38]
Fluoroquinolones Ofloxacin P. subcapitata Green algae Acute 96 h ECsq (growth)=4.74 mg/L [39]
Penicillins Amoxycillin L. gibba Duckweed Chronic 7 d NOEC Wet weight <1 mg/L [35]
Penicillins Amoxycillin Oncorhynchus mykiss Rainbow trout-hepatocytes  Acute 24 h ECs (cytotoxicity)>182.7mg/L  [40]
Penicillins Amoxycillin Rhodomonas saline Marine microalgae Acute ECsp (growth)=3108 mg/L [36]
Trimethoprim Trimethoprim L. gibba Duckweed Chronic 7 d NOEC Wet weight <1 mg/L [35]
Trimethoprim Trimethoprim R. saline Marine microalgae Acute ECso =16 mg/L [36]
Trimethoprim Trimethoprim S. capricornutum Blue-green algae Acute ECs0=110mg/L [37]
Aminoglycosides Neomycin L. gibba Duckweed Chronic 7 d NOEC Wet weight <1 mg/L [35]
Aminoglycosides Streptomycin M. aeruginosa Blue-green algae Chronic 35d NOEC (growth)<0.28 mg/L [41]
Aminoglycosides Streptomycin S. capricornutum Blue-green algae Acute 72h EC50=0.133 mg/L [42]
Tetracyclines Tetracycline L. gibba Duckweed Chronic 7 d NOEC Wet weight <1 mg/L [35]
Tetracyclines Tetracycline S. capricornutum Blue-green algae Acute 72h EC50=2.2 mg/L [37]
Choloramphenicols ~ Choloramphenicol  D. magna Water flea Acute 24 h ECs0 =543 mg/L [43]
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Table 9
Estimated risk quotients and corresponding levels of potential risks to the environment.
Compound Chemical name PEC (pg/L), D=1 (no dilution) Type of test AF PNEC (pg/L) PEC/PNEC LER
Cephalosporins Cephalexin 26.50 Chronic 10 100 0.265 Low Moderate
50 20 1.325 Moderate
100 10 2.650
Macrolides Erythromycin 11.34 Chronic 10 100 0.113 Low
50 20 0.567 Low
100 10 1.134 Moderate
Macrolides Tylosin 11.34 Chronic 10 30 0.378 Low Moderate
50 6 1.890 Moderate
100 3 3.780
Macrolides Erythromycin 11.34 Acute 1000 30.5 0.372 Low
Macrolides Tylosin 11.34 Acute 1000 1.38 8.217 Moderate
Fluoroquinolones Ciprofloxacin 16.90 Chronic 10 30 0.563 Low Moderate
50 6 2.815 Moderate
100 3 5.630
Fluoroquinolones Lomefloxacin 16.90 Chronic 10 10 1.689 Moderate
50 2 8.445 Moderate
100 1 16.89 High
Fluoroquinolones Norfloxacin 16.90 Chronic 10 100 0.169 Low
50 20 0.845 Low
100 10 1.689 Moderate
Fluoroquinolones Ciprofloxacin 16.90 Acute 1000 2.97 5.687 Moderate
Fluoroquinolones Lomefloxacin 16.90 Acute 1000 58 0.291 Low
Fluoroquinolones Norfloxacin 16.90 Acute 1000 69.6 0.243 Low
Fluoroquinolones Ofloxacin 16.90 Acute 1000 4.74 3.563 Moderate
Penicillins Amoxycillin 80.97 Chronic 10 100 0.810 Low Moderate
50 20 4.049 Moderate
100 10 8.097
Penicillins Amoxycillin 80.97 Acute 1000 182.7 0.443 Low
Penicillins Amoxycillin 80.97 Acute 1000 3108 0.026 Insignificant
Trimethoprim Trimethoprim 3.01 Chronic 10 100 0.030 Insignifcant
50 20 0.151 Low
100 10 0.301 Low
Trimethoprim Trimethoprim 3.01 Acute 1000 16 0.188 Low
Trimethoprim Trimethoprim 3.01 Acute 1000 110 0.027 Insignifcant
Aminoglycosides Neomycin 0.31 Chronic 10 100 0.003 Insignifcant
50 20 0.016 Insignifcant
100 10 0.031 Insignifcant
Aminoglycosides Streptomycin 0.31 Chronic 10 28 0.001 Insignifcant
50 5.6 0.006 Insignifcant
100 2.8 0.011 Insignifcant
Aminoglycosides Streptomycin 0.31 Acute 1000 0.133 2.346 Moderate
Tetracyclines Tetracycline 1.26 Chronic 10 100 0.013 Insignifcant
50 20 0.063 Insignifcant
100 10 0.126 Insignifcant
Tetracyclines Tetracycline 1.26 Acute 1000 22 0.574 Low
Choloramphenicols Choloramphenicol 0.62 Acute 1000 543 0.001 Insignifcant

PEC, predicted environmental concentration; AF, assessment factor; PNEC, predicted no effect concentration; LER, level of environmental risk.

environmental risk or concern. Therefore, these compounds may be
remarkable pollutants to give an environmental risk in the water,
thus it is worthwhile to pay attention to detect them in our surface
waters.

Although 10% of drug metabolism and 90-95% of removal effi-
ciencies were considered in the present scenario, however, our
estimations indicated that (3-lactams (cephalosporins and peni-
cillins), fluoroquinolones, macrolides and aminoglycosides still
possessed high risk quotients for both short-term and long-term
exposure in the aquatic environment. Consequently, increasing
concentrations of these pollutants in the surface waters may cause
persistent exposure due to their continuous infusion into aquatic
media via WWTP effluents and improper discharges. Although
antibiotics can reach surface waters in trace concentrations rang-
ing from nanograms to micrograms per liter, however, results of this
study clearly concluded that potential risks of antibiotics cannot be
ignored due to their adverse effects on non-target organisms in the
ecosystem.

Based on the present environmental risk assessment, the
present study also concluded that existing wastewater treatment
facilities in Turkey are still not sufficiently and specifically designed
to reduce antibiotic emissions, which has become one of the most

critical environmental and health hazard problems in the country.
Therefore, urgent treatment solutions and risk management strate-
gies are needed to ensure a resilient control of antibiotic emissions
in Turkey. For this purpose, all improper wastewater discharges
should be first prohibited and strict liability should be imposed
by legislation. In addition, existing capacities of WWTPs in Turkey
should be modernized, and more importantly, physical treatment
steps should be combined with effective biological and/or advanced
treatment technologies such as up-flow anaerobic stage reactor,
combined anaerobic-aerobic system, membrane processes (RO/NF,
RO/UF), advanced oxidation processes (O3 and O3/H,0,), and
electro-oxidation processes. Furthermore, automated online sam-
pling systems should be integrated into existing WWTPs, as well as
into various discharge points, to develop a sustainable water quality
monitoring in terms of antibiotic emissions in Turkey.

4. Conclusions

The total emission rate of antibiotics consumed in Turkey in
year 2007 was determined to be about 774.3 tons/year. Detailed
analyses of the most emitted JO1 categories clearly indicated that
pulmonary and chronic respiratory symptoms were an important
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cause of antibiotic use in patients living in Turkey in the past year.
Average antibiotic emissions associated with adult and pediatric
consumptions were calculated to be about 5.8 and 12.8 g/(year per-
son) for pediatrics and adults, respectively. Considering the total
population of Turkey in 2007, the average antibiotic emission of the
country was determined to be about 10.9 g/(year person).

An important objective was to assess the potential risks asso-
ciated with human antibiotic consumption in Turkey. Therefore,
an environmental risk assessment of 8 human antibiotics was per-
formed according to the EU draft guidance, and risk quotients were
estimated based on available acute and chronic toxicity data gath-
ered from the open peer-reviewed literature. Results of the risk
assessment indicated that B-lactams (cephalosporins and peni-
cillins), fluoroquinolones, macrolides and aminoglycosides mainly
possessed moderate risk quotients (1<PEC/PNEC < 10) for both
short-term and long-term exposure in the aquatic environment.
The findings of this study confirmed that the release of these
compounds from WWTPs may potentially become an important
environmental concern in Turkey.

Although antibiotic consumption has gained a lot of attention in
the media in recent years, however, there is still no extensive reg-
ulation and/or requirements implemented for the environmental
assessment of antibiotics in Turkey. Considering other waste flows
associated with antibiotic emissions (unused medications, veteri-
nary medications and pharmaceutical manufacturers), it is obvious
that the overall antibiotic emission could present more serious and
greater risks to aquatic environment for both short-term and log-
term health complications. Consequently, urgent environmental
strategies supported by legislations and regulations are needed for a
resilient control of antibiotic emissions, as well as for a sustainable
surface water resource management Turkey. From the engineer-
ing point of view, additional investments are also required for the
construction of new WWTPs, particularly in northern, eastern and
northeastern parts of the country. Furthermore, existing capacities
of WWTPs in Turkey should be modernized and physical treatment
steps should be combined with effective biological and/or advanced
treatment technologies for an efficient removal of antibiotics from
urban waste streams.
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