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Abstract - Contamination levels of seven antibiotics, namely
Ampicillin ~ (AMP), Cifadroxil (CIF), Cefpodoxime
(CEFPO), Cloxacilin (CLO), Ciprofloxacin (CIP), Ofloxacin
(OFL) and Tinidazole (TIN) were identified in samples of
wastewater of the three hospitals in Kota. HPLC with a
VWD detector, C-18 column, and solid-phase cartridges
were used to analyze antibiotic residues. In wastewater
concentration level of residual antibiotics were found in the
range 0.26 to 3.24 mg/L. Higher levels of residues were
detected for CEF from Cephalosporins with residual levels
of 3.24 mg/L. Other antibiotics were found in the level of
AMP 1.24mg/L, CEFPO 0.28mg/L, CLO 0.31mg/L, OFL
0.28mg/L, CIP 1.35mg/L and TIN 0.26mg/L. OFL and
CEFPO were found in minimum concentrations in all three
hospitals wastewater. The contamination level was much
higher in wastewater samples as it is the primary source of
antibiotics entering the environment.
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I. INTRODUCTION

Antibiotics are used to treat and prevent epidemic
diseases in humans, plants and animals. Antibiotics are
naturally occurring, semi-synthesized or synthesized
complexes with antimicrobial action. Many times the
unused drugs or unmetabolized antibiotic substance is
disposed into the sewage system. The presence of
pharmaceuticals in the environment, gaining importance
and it is a national and international issue nowadays.
Although the concentration levels of pharmaceuticals in
the environment may be very low, but they may be
enough to have adverse effects on the environment and on
humans. The long term exposure to the trace amounts and
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mixture of pharmaceuticals may have an effect on
vulnerable population, including pregnant women,
newborns and children [1, 2].If the drugs are not degraded
or eliminated during sewage treatment plant, in soil or in
other environmental compartments, they will reach
surface water and ground water and potentially drinking
water [3-7]. The wider use of pharmaceutical substance is
scary for human health not only in terms of spreading
resistant bacteria but also other environmental damage (8-
10]. Fluoroquinolones like ciprofloxacin (CIP), ofloxacin
(OFL), Penicillin like ampicillin (AMP), cloxacillin
(CLO), Cephalosporins  like  cefadroxil  (CEF),
cefpodoxime proxetil (CEFPO), and Nitroimidazole like
tinidazole (TIN) antibiotics are broad-spectrum
antibiotics as they are effective against a wide variety of
infectious diseases. These antibiotics are manufactured in
generous quantities due to their extensive use in human
and veterinary treatments. The use of therapeutic doses
inanimal to promote growth can lead to antibiotic
resistance and food residues.

I1. SOURCES OF ANTIBIOTICS IN THE
ENVIRONMENT

Antibiotics have been polluting the environment since
their introduction through human waste (medication,
farming), animals, and the pharmaceutical industry.
Along with antibiotic waste, resistant bacteria follow,
thus introducing antibiotic-resistant bacteria into the
environment. The elimination of unmetabolized
antibiotics by humans and animals is one of the main
causes of antibiotics in the environment [8]. Additional
sources include the disposed of expired antibiotics and



leftovers from medical and industrial practices [11].
Residential and commercial facilities are identified
suppliers of antibiotics to community wastewater [12].
The presence of stagnant water, the absence of scientific
drainage, improper water-management, soil, etc. are also
the reason of bacterial resistance. Frequent contact of the
bacteria with even minor concentrations of antibiotics can
cause the occurrence or persistence of resistant bacterial
strains [13-17]. Many research proved that the
concentration of the antibiotics in the environment
showed hazardous properties [18, 19] and bad effects [20-
22].

I1l. FATE AND OCCURRENCE OF ANTIBIOTICS IN
THE ENVIRONMENT

Antibiotics have been found in a distinct environmental
chamber all over the world, along with (i) sewage water
[23-25] (ii) hospital wastewater [26, 27] (iii) ground and
river water [28, 29] and (iv) soil and manure [30-32]. The
lowest concentrations are generally found in the ground
and river water while much higher concentration may be
present in hospital effluents. The concentration of
antibiotics decreases as they extend further into the
environment due to some factors like: (i) phase
distribution into STP (ii) their fate in STPs in terms of
degradation and sorption (iii) dilution in recipient waters
and (iv) a biotic and biotic degradation.

Fate of Antibiotics in the Environment of Kota

To my knowledge, this was the first study has been done
in Kota region. There are three large government
hospitals and approximately twenty private hospitals in
the Kota city. Only the government hospitals are having
sewage treatment plants, whereas these private hospitals
which are surrounded by urban populations and are
located in different areas of Kota and none of these
hospitals have a treatment facility for the removal of
antibiotics and other pharmaceutical compounds from
their wastewater. Usually wastewater from hospitals
directly drain into the sewage system that in turn enters
the canals used for crop irrigation. On the other hand,
some amount of wastewater reaches ponds of stagnant
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water. These ponds are also a source of drinking water for
animals. Aquatic life is affecting the most of this habit. So
the most immediate need is to develop an easy, economic,
reproducible, precise, and accurate method of
quantification of residual levels of antibiotics in such
samples. Ciprofloxacin (CIP) and ofloxacin (OFL) from
fluoroquinolones, ampicillin  (AMP) and cloxacillin
(CLO) from penicillin, cefadroxil (CEF), cefpodoxime
proxetil (CEFPO) from Cephalosporins, and tinidazole
(TIN) antibiotics were selected for this study. The
selection of antibiotics was based on five aspects:1)
frequency of use 2) analytical instruments available in the
laboratory 3) identified or assumed environmental impact
4) presence in aqueous environments and 5) previous
detections in wastewater, surface water, and groundwater
[33, 34].

IV. OBJECTIVE OF THIS STUDY

The aims of the studies underlying this thesis were to: (i)
To develop a method for determining a wide range of
antibiotics in environmental samples (ii) investigate the
occurrence and to some extent the fate of antibiotics in
the Indian environment, especially via STP and untreated
municipal wastewater samples (iii) assess the potential
antibiotic contaminants in wastewater.

V. EXPERIMENTAL

As for most trace substances, appropriate methods had to
be developed and validated in order to measure the low
guantities of antibiotic substances present in
environmental samples accurately and precisely. In
addition, the methods used had to be time- and cost-
effective and to consume low amounts of material and
solvents.

VI. CHEMICALS AND REAGENTS

Reference standards used for HPLC analysis of AMP,
CLO, CIP, CEF, CEFPO, TIN and OFL were used from
Oxigen Analytical Laboratories Baddi, Distt. Solan H.P.,
India. Methanol (HPLC-grade), Phosphoric acid,
Potassium  dihydrogen  orthophosphate  (KH2PO,),
Dipotassium hydrogen phosphate anhydrous (K:HPO,),
Sodium chloride, Sodium hydroxide, Acetone were



purchased from Merck Germany. Purified water
(resistance, 18.2M€Q cm) was prepared by passing water
through an Ultra- Q, waters HPLC (Agilent) equipped
with an VWD detector. All the other chemicals were of
analytical grade unless otherwise stated.

VII. EQUIPMENTS USED

The HPLC performs with the system, Agilent 1260
Infinity Series with quaternary pump equipped with a
detector, column component, sampler, quaternary pump
and trigger. The chromatographic column was C18 ODS
(250 x 4.6 mm, 5 pum Agilent Technologies, USA).
Residual quantification of antibiotics was performed on
the HPLC system. The liquid chromatograph is prepared
with the particular wavelength of particular antibiotic and
a 4.6 mm x 25 cm Intersil column that contains packing
C18. A gradient program is used to with the mobile phase
combining solvent A (Monobasic potassium phosphate at
pH 5) and solvent B (methanol). The flow rate is about
1.0 ml / min and the injection volume was 100pl.
Chromatograph the standard preparation as directed under
the procedure and records the peak response under
procedure.

VIII. SAMPLING SITES

Three sites (A, B and C as shown in Fig. 1) were selected
for the collection of aqueous wastewater samples. These
three sites were different from each other. The first
sampling site is a Maharao Bhim Singh Hospital (MBS
Hospital), the second sampling site is Jay Kay Lone
Hospital (JK Lone Hospital) and the third sampling site is
New Medical College Hospital (NMC Hospital). Total
nine samples were taken from these three hospitals. Out
of these nine samples, three samples from municipal
supply water, three samples from the surgical ward
sewage tank and three samples were taken from sewage
treatment plant tank. 500ml of wastewater sample from
each sampling point was collected in narrow mouth high
density polyethylene (hdpe) amber bottle. The depth of
the surgical ward sewage tank was in ~3-4feet while the
sewage treatment plant tank was almost ~8-10 feet. The
sewage sample was collected through the cleaning and up
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keeping staff of the hospital. The sample from the tank
was taken with the help of a bucket and after removing
solid matters the sample poured into the amber bottle.
After collecting the sample, the bottle was tightly closed
& kept immediately into the dry ice box so that the
sample is maintained -10°C temperature and may not be
degraded by the sunlight or UV rays. Necessary
precautions were taken in collecting samples from
hospital sewage tanks from a well mixed zone avoiding
floating materials. All nine samples were collected during
12.00 to 2.00 PM. All samples were taken between 18"
April to 23 April 2017. Temperature and pH of each
sample were noted at each site. Any kind of filtration or
preservation (except for storing on dry ice) was not done
before transfer to the laboratory.

Fig. 1. (A) Municipal supply water, (B) Surgical ward sewage
tank and (C) Sewage treatment plant tank

IX. SAMPLE PREPARATION

Wastewater samples collected from each site were treated
for purification and each sample was passed through solid
phase cartridges and eluted with methanol. Purified
samples were analyzed quantitatively for CIP, CEF, OFL,
CLO, AMP, CEFPO, and TIN. For CIP, OFL and TIN a
filtered and degassed mixture of buffer (3.4ml of H3PO4
in 1000ml of water, Adjust pH 3.0 with Triethylamine)
and Acetonitrile in the ratio 870:130 delivered with the
flow rate is about 1.0 ml / min. For AMP and CLO a
filtered and degassed mixture of buffer (5.44gm of
KH2PO, in 1000ml of water; adjust the pH 5.0 with
KOH) and Acetonitrile in the ratio of 750:250 delivered



with the flow rate 1.0ml/min. For CEF a filtered and
degassed mixture of buffer (6.8 gm of KH,PO, in 1000ml
of water, Adjust the pH 5.0 with HsPO,) and Acetonitrile
in the ratio of 960:40 delivered.

X. QUANTITATIVE ANALYSIS

Treated samples were analyzed quantitatively using high
performance liquid chromatography (HPLC). The
chromatographic system was equipped with a column of
4.6 mm x 25cm dimensions. A gradient program is used
to with the mobile phase combining solvent A
(Monobasic potassium phosphate at pH 5) and solvent B
(methanol). The flow rate is about 1.0 ml / min and the
injection volume was 100ul. Chromatograph the standard
preparation as directed under the procedure and records
the peak response under procedure. The retention time for
each analyte is mentioned in Table I.

Xl. ETHICAL APPROVAL

Approval for the study was obtained from the ethical
committee of the New Medical College Hospital, Kota.

XIl. RESULTS AND DISCUSSIONS

In this study, seven antibiotics were selected and in order
to attain the separation a combination of methanol and
0.1M monobasic potassium phosphate was used as mobile
phase. The samples were injected to HPLC with regard to
the separation among the seven target antibiotics and the
sharpness of the peaks obtained upon injection of equal
amounts. The complete separation of CIP, OFL, AMP,
CLO, CEF, CEFPO and TIN and their peaks were
obtained by a C-18 column (4.6 mm x 25 cm) and a
methanol and 0.1 M monobasic potassium phosphate was
used as the mobile phase with a flow rate of 1.0 ml / min
and the injection volume was 100pl.

XII. SAMPLE ANALYSIS

Nine samples of wastewater from three sampling sites of
three different hospitals were analysed for determination
of residual levels of selected antibiotics. It was observed
that the residual concentration of CEF was much higher
in each of the hospital wastewater samples. The hospital 1
has the highest level of CEF (4.0892 mg/L), the
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concentration level of CEF was in hospital 2 (2.6498
mg/L) and the level of CEF was in hospital 3 (2.9754
mg/L). The highest level of CIP was found in hospital 1
(1.8304 mg/L) and in hospital 2 and 3 the level of CIP
was (1.6493 and 0.7253 mg/L).The Tinidazole was found
in least quantity. The lowest level of antibiotic of TIN
(0.0200 mg/L) was found in hospital 2. Hospital 1 was
found to be most contaminated by selecting antibiotics
levels and hospital 3 the least. In wastewater sample
contamination levels the order of hospitals were1>2>3.

XIV. CONCLUSION

Antibiotics are a major source of contamination that
reduces immunity in people as well as animals. Humans
take antibiotics directly or indirectly from food items,
meat, milk, and vegetables, etc., and these are
accumulated in the body. Combination of methanol and
0.1M monobasic potassium phosphate was used as mobile
phase in this method is useful for determining residual
levels of antibiotics in hospital wastewater. We have
found that three selected sites were contaminated by these
antibiotics. No antibiotics were detected in the samples of
municipal water supply from each three of the hospitals
[35]. The residual levels were found in the range 0.26 to
3.24 mg/L in wastewater. Higher levels of residues were
detected for CEF from Cephalosporins [36] with residual
levels of 3.24 mg/L and CIP was detected at the second
highest concentration [35]. Another fluoroquinolone,
OFL, was detected in the lowest concentrations. High
values of concentration of CEF indicate the presence of
comparatively large amount of antibiotic due to (i) high
dose consumption and (ii) 60% of drug eliminate
unchanged. Other antibiotics were found in the level of
AMP 1.24mg/L, CEFPO 0.28mg/L, CLO 0.31mg/L, OFL
0.28mg/L, CIP 1.35mg/L and TIN 0.26mg/L. OFL and
CEFPO were found in minimum concentrations in all
three hospitals sewage water. These results demonstrated
that Cefadroxil and Ciprofloxacin is widely used in Kota
district.
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Table |
Retention time (RT) of different antibiotics at Amax

Antibiotics RT Amax
Ampicillin 5.3 230
Cefpodoxime proxetil 10.5 317
Cloxacillin 8.0 210
Ofloxacin 7.6 270
Cefadroxil 2.9 226
Ciprofloxacin 8.9 320
Tinidazole 45 315

Table I

Average concentrations of antibiotics in three Hospital wastewater (in mg/L)

Antibiotics— AMP | CEFPO CLO OFL CEF CIP TIN
Hospitals |

MBS Hospital (1) | 1.4589 | 0.3206 0.5289 0.1846 4.0892 1.7379 0.5964
JK Lone Hospital | 1.1676 | 0.3276 0.2583 0.2556 2.6498 1.5969 0.0200
2

NMC Hospital (3) | 1.07 0.1758 0.1364 0.3891 2.9754 0.7065 0.1409
Mean Range 1.2322 | 0.2747 0.3079 0.2765 3.2382 1.3471 0.2525
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