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Summary
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 treatments for both humans and animals. Because
they are excreted unchanged via urine and/or feces into domestic sewage, and consequently discharged to receiving waters in the effluents of urban wastewater treatment plants (UWTPs). Most of antibiotics are also associated to multidrug
resistance in bacteria. The absence of full environmental fate and effect data of antibiotics inhibits an effective assessment
of the potential risk through environmental pathways. This study aimed to assess the risk for a series of antibiotics mostly
detected in surface waters and in the influent and effluent of UWTPs. Among those 20 antibiotics, which were in question
in this study, a few of antibiotics were assessed causing low hazard to algae in surface water (Erithromycin, Spiramycin
and Chlortetracycline), in UWTP influent (Ampicillin) and UWTP effluent (Ofloxacin) and medium risk in UWTP effluent
(Erithromycin).
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Introduction
Pharmaceuticals are a class of emerging environmental contaminants that have been of increasing concern over the
last decade [1]. Antibiotics are biologically active compounds categorized as emerging environmental contaminants of
concern [2]. The residues of antibiotics are widely present in feces, medical waste, Urban wastewater treatment plants
(UWTP) and rivers due to their extensive long-term usage in human therapies, animals, plant agriculture and aquaculture [3]. These compounds are partially removed by wastewater treatment plants (UWTPs). If they are not eliminated
during the purification process, they pass through the sewage system and may accumulate in the environment [4-9]. The
extensive and indiscriminate use of these compounds in human and veterinary medicine and their continual introduction
into the environmental matrices may explain such bioaccumulation and pseudo-persistence [10,11]. Antibiotic residues
in aquatic environments not only pose a threat on aquatic organisms, but also accelerate the development of bacterial
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resistant genes, which could eventually affect the broader
microbial population dynamics in different environmental
systems [12]. A risk analysis is provided in order to assess
and compare the potential environmental risk of various
types of wastewater (hospital and municipal effluents) by
evaluating the ratio between the measured environmental
concentration (MEC) and the predicted no-effect concentration (PNEC) for these wastewater [13]. Using a risk quotient
(RQ), which is defined as the ratio the maximum measured
environmental concentration (MEC) to the predicted no-effect concentration (PNEC), the ecosystem risk from pollutants can be gauged. Researchers have used the RQ to assess
the low levels of PPCPs on ecosystem health with varying
results [14].

Estimation of PEC/PNEC or MEC/PNEC ratios
A set of existing acute and chronic ecotoxiciological data
were scanned for commonly detected antibiotics. The PNEC
(μg/L or g/L) is derived dividing the no-observed effect
concentration (NOEC) and EC50 (or LC50) by a suitable
assessment factor (AF) using equation 1. The values of AF
are given in Table 1 [11]. In this study, PNEC for the aquatic compartments of surface waters and UWTP influent and
effluents was estimated based on EC50 and NOEC values as
shown in Table 2.

With these reasons, human antibiotics were chosen to assess their possible environmental risks. These results provided important data for risk assessment of antibiotics in
the study area.
Materials and Methods

Estimation of PEC or MEC values
Studies on acute effects in organisms belonging to different trophic levels (i.e. algae, zooplankton and other invertebrates and fish) predominate relatively to chronic ones.
Acute toxicity data are only valuable when accidental discharge of the drugs occurs, since the environmental concentrations usually reported for these compounds are low,
typically in a factor of one thousand. Bioaccumulation and
chronic toxicity tests are scarce probably due to the complex
experimental work involved [15]. For aquatic organisms, it
is necessary to be able to predict concentration at which
no effect will be observed in particular organism. For derivation of predicted environmental concentrations (PEC)
several factors, including the predicted market volume, the
water consumption of the target population or a dilution
factor accounting for dilution of effluent when reaching the
surface waters are common parameters [11, 15]. To avoid
the estimation errors for PEC calculations MEC values have
become common for risk assessment [1,4,5,11-15]. In this
study, MEC values were screened from the literature for the
further risk assessment calculations.

Table 1. Assessment factors used in the calculation of the
PNEC [11].
a
No observed effect concentration (μg/L or mg/L); b Concentration where an effect is observed in 50% of the test
organism(μg/L or mg/L). c Concentration resulting in 50%
of the test organism lethality (μg/L or mg/L); d Assessment
factor
Estimation of Risk/Hazard Quotient (RQ/HQ)

The RQ or HQ is the basic principle internationally accepted and adopted ratio in the development of international
guidelines[16]. The risk to aquatic organisms is calculated
as the ratio between MEC or PEC, and PNEC data sets. If the
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PEC is greater than 0.01μg/L, then the ratio of PEC/PNEC
should be calculated as given in equation 2:

Where PEC or MEC/PNEC ratio calculated is ‹ 0.1, there is
no risk. If PEC/PNEC ratio varies between 0.1 and ≤ 1 there
is a low risk. If PEC/PNEC ratio is >1 and ≤ 10 there is a
moderate risk, and later if PEC/PNEC ratio is > 10 there is a
high risk in the environment [11].
Results and Discussion

MEC and NOEC values of antibiotics considered in this
study were adopted from the literature as summarized
in Table 2. MEC values vary from one country to another according to their consumption [15]. For instance, in a
probalistic risk assessmentstudy for four antibiotics Trimethoprim was found to be the most analyzed compound
in UWTP effluent. Authors reported that among those four
antibiotics (Norfloxacin, Trimethoprim, Ciprofloxacin and
Ofloxacin) tested in their study Trimethoprim was the least
toxic one with no reported effects below 10 mg/L [17].
Table 2. MEC and NOEC values for antibiotics question in
this study [Adopted from 15].
*EC50 values ; AF: Assessment Factor

According to Jones et al. [18], antibiotics could be classified as extremely toxic to microorganisms (EC50 below
0.1 mg/L) andvery toxic to algae (EC50 between 0.1 and
1 mg/L). This statement is also indicated by NOEC values
shown in Table 2 thatNOEC values of the antibiotics in question in this study vary in the range of 0.05-1 mg/L.
Based on MEC, NOEC and AF values given in Tables 1 and
2, PNEC values were calculated according to equation 1 (Table 3).
Coınsequently, HQ values were assessed based on Table

2 and 3 (Table 4) using equation 3. As shown in Table 4,
among those20 antibiotics, which were in question in this
study, for which ecotoxiciological data were available on at
least 2 species from different taxonomies, a few of antibiotics were assessed causing low hazard to algae in surface
water (Erithromycin,Spiramycin and Chlortetracycline), in
UWTP influent (Tetracycline) and UWTP effluent (Ofloxacin) in accordance with the other studies [19,20].

According to risk assessed for Crustacea, mainly, Daphnia
magna, Lincosamide- Lincomycin and Sulfapyridine resulted incausing low risk while Sulfamethoxazole and Oxytetracycline are to cause medium risk in surface water. Besides,
Sulfamethoxazole was calculated to cause medium risk in
UWTP influent and Sulfadiazine, Sulfamethazine and Sulfamethoxazole were observed to cause medium risk in UWTP
effluent. z
Table 3. PNEC values calculated using data sets given in
Table 2.
Table 4. Estimated Hazard Quotients (HQ) values of antibiotics for algae and crustacean.
Conclusions

The
environmental
risk
assessment
of
the 20 human use antibiotics are calculated based on ecotoxicological data sets reviewed
from the correspondent literature. The calculated risk quotients showed to raise concern for some of them as mentioned in the literature [21]. This study is to draw attention
to the risk posed by antibiotics, in particular, in those countries where no regulation still exists to control them in the
environment.
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