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ABSTRACT

India, a country having a population of 1.27 billion is considered as the eleventh biggest consumer country in the
world. Due to globalization, a large variety of antibiotics are entering into the Indian market and subsequently, they
reach natural resources. Most of the Indian cities are located closer to natural resources and the contaminants get
discharged into the environment with or without treatment. Conventional treatment methods in the wastewater
treatment plant do not remove antibiotics. This necessitates a deeper analysis and study on the occurrence of antibiotics
in the water resources and treatment plants in India. This study is aimed to qualitatively detect the occurrence of four
common antibiotics, viz., Amoxicillin, Erythromycin, Cefixime, and Azithromycin from a wastewater treatment plant
at Perungudi and some of the water resources near to the wastewater treatment plant (WWTP). Samples were collected
and extracted by using solid-phase extraction (SPE). Analysis of the extracted samples was done in High-Performance
Liquid Chromatography (HPLC) to determine the presence of the four antibiotics. Amoxicillin was detected in all the
water samples. WWTP influent and effluent showed the presence of Amoxicillin, which indicates that the treatment
methods in the plant do not fully remove this contaminant. Cefixime which was detected only in WWTP influent,
indicating that it is completely removed in the treatment plant. Erythromycin, Azithromycin, and Amoxicillin were
detected in municipality water, which shows that surface washings from the landfill site are reaching the water
resources and the water treatment methods do not fully remove these contaminants.
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INTRODUCTION

Pharmaceuticals especially antibiotics play a vital role in our daily lives for the treatment of various
diseases. Antibiotics play a critical role in human health and animal growth promoters, but the scientific
community was unaware of its release into the environment till late 1990.The aquatic environment is
contaminated with antibiotics in different ways. Once the drug is administered to humans, the
unmetabolized part of the drug is discharged through excreta and it reaches the sewage treatment plant.
There are greater chances of introduction of this contaminant into the environment by runoff and
groundwater contamination from confined animal feeding operations’.

The conventional treatment plants are not designed to treat the antibiotic residues. So, the treatment plant
effluent may release the residues from the plant to natural resources. The unused drugs and expired drugs
are disposed of improperly to solid waste dumping sites. During the rainy season the antibiotic residues
washed away with rainwater and reach natural resources like river and lakes. Some part of the compound
leach through the soil and contaminate ground water also. The surface and ground water are used by the
people for many purposes. The municipality authorities also depend on surface and groundwater for their
source of water supply. Even if treatments are given to the water to meet the drinking water standards, there
is no particular treatment method to remove this kind of micro contaminants from water in a water treatment
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plant facility. In total, a cocktail of antibiotic residue reaches the human body, and generates antibiotic
resistance which has emerged as a global issue during this period.

A lot of studies have been conducted worldwide to determine the occurrence of antibiotics in wastewater
treatment plant as well as natural resources. These studies show that antibiotics are present in river water at
nanogram level and sewage treatment does not completely remove the antibiotic from water®*. The
objective of this study is to qualitatively determine the occurrence of different types of antibiotics in a
treatment plant and in water sources around the treatment plant facility.

EXPERIMENTAL
Material and Methods
A survey has been conducted with the pharmacies in the areas such as Guindy, Velachery, Gandhinagar,
Indiranagar which are the areas around Perungudi for the selection of antibiotics and it has been found that
Azithromycin, Cefixime, Erythromycin and Amoxicillin are the commonly prescribed and sold antibiotics
in the Perungudi area. The physicochemical properties of the compounds (Table-1).

Table-1: Physiochemical Properties of Selected Antibiotics.

Antibiotics Formula Molecular weight o
gmol’! Antibiotic Class
Azithromycin C3sH12N>O 12 748.984 Macrolide
Cefixime Ci33H15N507S, 453.452 Cephalosporin
Erythromycin C37Hs7NO13 733.93 Macrolide
Amoxicillin Ci16H19N305S 365.4 B-lactam

The chemical structure and pictorial representation of the selected antibiotics are shown in Fig.-1.
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Fig.-1: Chemical Structure of Antibiotics

The antibiotic standards were bought from Sigma-Aldrich and a stock solution of 1000 ppm was prepared.
The working solutions were prepared from the stock solution which is having concentrations of 500 ppm,
250 ppm, 100 ppm and 50 ppm. All the stock solutions were prepared by using methanol. The standard
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solutions were injected in HPLC and then followed by the samples to qualitatively detect whether the
antibiotics are present in the sample.

Sample Collection and Preparation

A total of 5 samples were collected from different sources around the Perungudi wastewater treatment plant.
The sampling points were as follows i.e., groundwater source, Perungudi lake, municipality drinking water
sample, inlet and outlet sample from Perungudi wastewater treatment plant. The samples were collected in
1 litre amber colored bottles. The bottles were rinsed with methanol and milli pore water prior to the
collection of samples. Samples collected were tested for pH and reduce the pH to 3 using 4M concentrated
H>SOq for better ion exchange during solid phase extraction. The samples were then filtered through a 0.45
um glass membrane filter to remove all suspended impurities.

Solid-Phase Extraction

A solid-phase extraction apparatus was used to extract the sample after acidification and filtration. An
anion-exchange HLB cartridge was used in the solid phase extraction. The cartridges were conditioned first
with methanol and then with milli-Q water, prior to extraction. The sample was allowed to pass through the
cartridge under vacuum at a flow rate of Sml/min. After loading of samples, the cartridges were allowed to
dry for one day and then eluted with 20ml acidified methanol. A pinch of anhydrous sodium sulphate was
added for dehydration. The extracted samples were analyzed inHigh Performance Liquid Chromatography
(HPLC) with UV detector.

High-Performance Liquid Chromatography

Following are the settings for the determination of the four antibiotics in HPLC. The column used was XDB
C18 column 250x4.6mm id, Sum particle size. The flow rate was 0.6 ml/minute. For azithromycin and
erythromycin, mobile phase A is 90 % water with 10% ammonium acetate, mobile phase B is 90%
acetonitrile and 10% methanol. For amoxicillin, mobile phase A was water with 0.2% formic acid, mobile
phase B was HPLC grade methanol with 2% HPLC grade formic acid. Flow rate was0.6ml/min with80%
of A and 20% of B. For cefixime, mobile phase A includes water with 0.5% formic acid and mobile phase
B was acetonitrile with 0.5% formic acid. Calibration graph for all the antibiotics were done with 5 trials
(1000ppm, 500ppm, 250ppm, 100ppm, 50ppm) where linearity was identified'’.

RESULTS AND DISCUSSION

Chromatogram and Retention Time of Standards
As a first procedure, all four standards were injected into HPLC following the conditions provided for each
compound. The retention time of all the standards was detected within the first seven minutes.
Chromatogram of all the standards azithromycin, erythromycin, amoxicillin and cefixime are shown in
figure-2. The retention time of azithromycin is 3.55 minutes and that of erythromycin, amoxicillin and
cefixime are 3.52, 3.79 and 5.24 respectively.
From the above-obtained chromatogram diagrams, the retention time for the standards azithromycin,
erythromycin, amoxicillin and cefixime were obtained and their presence in various samples was detected
by calculating plus or minus 2.5% of the retention time and the details of the retention time are shown
Table-2.

Table-2: Retention Time of Standards

Antibiotics Retentiqn Retention Time Retention Time (-
Time(min) (+2.5%) 2.5%)
Azithromycin 3.55 3.64 3.46
Erythromycin 3.52 3.61 3.43
Amoxicillin 3.79 3.88 3.69
Cefixime 5.24 5.38 5.12

By comparing the retention time obtained from standards and the samples, the occurrence of antibiotics
compounds were detected. Table-3 shows the occurrence of investigated antibiotic compounds in the
samples.
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Fig.-2: Chromatogram of Standards
Table-3 Occurrence of Selected Antibiotics in Samples

Compound Ground Treatrpent Treatment Municipality
water plant-inlet plant-outlet lake water Marshland
Azithromycin ND! D ND ND D ND
Erythromycin ND ND ND ND D ND
Amoxicillin D? D D D D D
Cefixime ND D ND ND ND ND

1-Not detected, 2- Detected

Amoxicillin is detected in all the samples. The chromatogram of amoxicillin in various samples is shown
in figure-3. The chromatogram for amoxicillin in municipality water shows a lot of interferences, so the
confirmation of presence compound in the sample cannot be done accurately. Amoxicillin is detected in the
inlet and outlet of WWTP. Studies from Delhi treatment plant also reported the occurrence of amoxicillin
in inlet and outlet of WWTP'!, Azithromycin and cefixime show its presence in inlet water sample of
WWTP and it is absent in the outlet sample of WWTP. It indicates that these two compounds are completely
removed in wastewater treatment processes. Out of the four compounds, except cefixime, all other
compounds are present in the municipality drinking water. This indicates that the source of water that the
city depends on its drinking water supply is contaminated with pharmaceuticals. The main sources of
drinking water supply inside the city are lakes. These lakes are not protected properly. People have a habit
of throwing the waste materials into the water bodies. So, there are chances of throwing unused medicines
into these lakes. And the water treatment methods do not have the facilities to treat these micro
contaminants. So, they end up in drinking water. In groundwater only one compound is detected which is
amoxicillin. Once the antibiotics are released into the environment, they undergo a different change in the
environment. Sorption to soil and sediments, chemical change such as hydrolysis, photo degradation and
biodegradation are some of the environmental fate of antibiotics in the environment'?. According to
different studies PB-lactam and its compounds are susceptible to hydrolysis easily under normal
environmental conditions'?.
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Fig.-3: Chromatogram of Amoxicillin in Various Water Samples

But this result shows the presence of amoxicillin in all the samples which may indicate that these are the
fresh sources of antibiotics. Low biodegradability of B-lactam compounds also reported by another study'.
Macrolide compounds also susceptible to hydrolysis but not under normal pH conditions. That may be the
reason erythromycin and azithromycin are detected only in some samples.
The chromatogram shows a lot of interferences with some other compounds, so the detection of the target
compound is difficult in the samples. The development of a new method is necessary to avoid interferences.
This can be done by changing the flow rate, changing the mobile phase and percentage mobile phase in A
and B.
CONCLUSION
The qualitative study indicates that antibiotic residues are present in the water bodies and wastewater
treatment plants. This may lead to the development of antibiotic resistance in the environment which may
become a critical public health issue. Inappropriate and misuse of antibiotics may increase the threat levels.
So, there should be some restrictions in prescribing the antibiotics to patients. The occurrence of antibiotics
in the wastewater treatment plant, indicates the need for development of innovative treatment methods,
which can remove various kinds of micropollutants. Furthermore, the study is to be required to
quantitatively measure the concentration of antibiotics in surface water and wastewater treatment plant. The
study can be conducted in a large area with an increase in a number of samples and with different
compounds.
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