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Abstract: Water samples were collected from 18 sampling sites including the three hospitals their Municipal
Wastewater (MWW) drains receiving the hospital sewage and from the river Ravi. The occurrence and fate
of ofloxacin (OFLX) and resistance of Vibrio cholerae due to the presence of OFLX was studied. It was found
that 16 out of 18 sites were contaminated by the antibiotic. Highest concentration was observed in hospital
wastewater (HWW) ranged from 7.31 to 39.13 ug/L and amount of OFLX in the municipal wastewater before
mixing the hospital sewage was 0.26 to 0.43 pg/L and after mixing it raised up to 0.54 to 1.29 pg/L. At the
entering point of the MWW drains to the river, concentration 0.44 and 0.31 pg/L were obhserved in the two
drains carrying the HAW to the river, respectively. Upstream concentration from the point of entering of the
first and second drains was 0.14 and 0.22 ug/L while the downstream concentration was 0.18 and 0.37 ug/L,
respectively. The antibiotic was not detected from both the samples collected from the entering point of the
river to the city and before entering of the first MWW drain, whereas the after mixing the first drain the
concentration 0.043 pg/L was observed. The bacteria isclated from HWW, MWW drains and the river Ravi
were 83% 66% and 83% resistant to OFLX, respectively.
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INTRODUCTION

During the last many vyears, production of
pharmaceuticals rapidly increased and approximately
3000 compounds are in use as medicine and annual
production reached up to hundreds of tons (Sim et al,
2011). Among the large number of pharmaceutical
compounds antibictics are special because of their wide
use in humans and animals, multiple sources and
ability to produce resistant bacteria in the environment
(Karthikeyan and Meyer, 2006). The first antibiotic
discovered by man was penicillin produced by fungi.
Now both synthetic like sulfa group and semi-synthetic
like cephalosporin group antibiotics are available
(Kummerer, 2009). It was estimated that worldwide
annual consumption of antibiotics is about 100,000 to
200,000 tons. Most of antibiotics are not completely
metabolize in bodies of human and animals and about
25 to 75% of added antibiotics excrete into the
environment in active form through urine and feces, so
antibiotics used by humans can be found at various
concentrations in  hospital effluents, municipal
wastewater and discharge of wastewater treatment
plants. (Zheng et a/., 2011; Brown et al., 2006 and Chee
et af., 2001). Antibiotics used by animals, reached to
soils by grazing animals or manure used as fertilizer
and the antibiotics can be reached to rivers by rainwater
from the top soil (Zarfl ef al. 2009). Antibictics reported in
groundwater (Sacher ef a/., 2001), soil (Jacobsen et af,,

2004) sediments (Kim and Carlson, 2008) and even in
drinking water (Watkinson et af., 2009).

In natural environment some antibictics degrade very
fast while some are can persistent for a long time (Jiang
et al., 2010). The removal processes of antibiotics from
the environment include thermolysis, photolysis,
oxidation, hydrolysis and biodegradation (Kummerer,
2009). The release of antibiotics into the aquatic
environment is responsible to produce single and multi
drug resistant strains that belong to pathogenic bacteria
(Servais and Passerat, 2009). The resistant bacteria can
be found from lakes (Edge and Hill, 2005), rivers (Ash et
al., 2002; Watkinson et al., 2007), estuaries (Parveen et
al., 1997) and in costal wastewaters (Erdem ef af,
2007). In most of aquatic environments the
concentrations of antibiotics are very low but they have
tendency to convert nonpathogenic bacteria to
pathogenic bacteria by increasing the resistance against
antibictics (Kim et al, 2007, 2010). The continucus
exposure even to low concentrations of antibiotics can
produce resistant strains of bacteria in environment
(Herwig ef al., 1997, Kemper, 2008; Duong ef a/., 2008;
Yu et al, 2009). During the recent years antibictics
became to know as high risk pollutants because of their
toxic effects on bacteria and algae at very low
concentrations and also due to their capacity to create
resistant amongst natural bacterial populations
(Watkinson ef af., 2009).
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Present study was carried out to address two main
issues: To investigate the presence of an important
fluoroquinolone antibacterial agent (OFLX) from hospital
effluents and also from municipal wastewater drains of
Lahore receiving the hospitals wastewater.

To explore the persistence of antibiotic-resistance-
bacteria from wastewaters of selected sites.

To create awareness about the vital significance of
aquatic environment.

MATERIALS AND METHODS

Hospital wastewater samples were collected from three
hospitals of Lahore i.e., Mayo, Services and Jinnah.
Composite samples were collected from the hospital
wastewater during different timings (7-11, 11-15, 15-19
and 19-23 hrs.) to study the temporal variation in the
concentration of the targeted antibiotic. Composite
samples were also collected from municipal wastewater
drains that are receiving the wastewater from the
hospitals under study. Quantity of each sample was 4 L
and were collected in amber glass bottles and
transferred to laboratory in ice box and preserved with
Na:EDTA at 4°C (Chang et al., 2010).

The raw wastewater samples were filtered through 0.45
Hm membrane filter and H:S04 was added to attain 3
pH. (Lindberg et al, 2004). Extraction of the antibictic
was carried out by Solid Phase Extraction (SPE); the
cartridges were first rinsed with 2 ml of methanol
followed by 2 ml of water. The required compounds were
eluted from the cartridges by using 2 ml of methanol.
The extracted samples were analyzed by high
performance liquid chromatography (HPLC) equipped
with UV-visible and photodiode array detector. The
analytical column RP-18e 250mmx4.6mm, 5 pm
manufactured by Merck was used at room temperature
for analysis. Five ml methanol-water (50:50), pH 3.0
used as conditioning solvent, 5 ml water (pH 3.0) as
washing solvent and 5 ml tristhylamine 5% in methanol
was used as elution solvent (Brown ef al, 2006;
Seifrtova et al., 2009).

Identification and isolation of Vibrio cholerae was
carried out by selective growth media Oxoid TCBS, hy
incubating at 35°C for 24 hours. Yellow flat 2-3mm
diameter colonies were selected as Vibrio cholerae.
The isolated Vibrio cholerae were subcultured on the
nutrient agar and then kept at 4°C for further examination
(Koczura et al., 2012; Luczkiewicz et al., 2010).

To observe the resistance level of Vibrio cholerae
different concentrations of ofloxacin i.e., 0, 0.015, 0.086,
0.2, 1, 10, 30, 50, 100 pg/ml were prepared by using
Oxoid Iso-sensitest broth, the pathogens were incubated
at 37°C for 24 hours and monitor the growth of the
bacteria (as turbidity) by measuring optical density at
600 nm. Duplicate samples of each antibiotic
concentration were grown (Baines, 1993; Roychoudhury
et al.,, 2001, Theron et al., 2000).

RESULTS AND DISCUSSION

The concentration of OFLX was measured in untreated
sewage of the three hospitals ranged from 35.62 to 7.31
pg/L (Table 1). The results are comparable to the
findings of Verlicchi et al (2012), who reported
concentration of OFLX ranged from 3.7 to 31 pg/L in
hospital sewage. Comparable value of the targeted
compound was also recorded as 13.6 g/l by Lin ef af.
(2008). While the values are higher than 4.2 and 7.6 ug/L
of OFLX in hospital sewage as reported by Chang et af.
(2010) and Lindberg ef al. (2004), respectively. Temporal
variation in concentration of OFLX was observed in all
the samples of each hospital collected from 7:00 to
23:00 hrs (Table 1). Lindberg et al. (2004) investigated
ofloxacin, ciprofloxacin, sulfamethoxazol, trimethoprim,
metronidazole from hospital wastewater and reported
temporal variation in concentrations of all the antibictics
under study. Variation in the concentration of antibictics
were observed 8:00 am to 11:00 pm, these variation are
due to different factors like time of consumption and
excretion through urine and feces (Duong ef af, 2008).
Verlicchi et af, 2010 studied different pharmaceutical
compounds in hospital wastewater and reported
variation between 12:00 AM to 10:00 PM.

Amount of OFLX in the three municipal wastewater
drains before mixing the respective hospital wastewater
ranged from 043 to 0.3 pg/L and after mixing
concentration increased up to 1.29 to 0.54 pg/L (Table
1). Concentration in Shadman drain carrying the
wastewater of services and Mayo hospitals and
Satokatla drain carrying wastewater of Jinnah hospital
for river Ravi were 0.44 to 0.31 pg/L just before entering
the river (Table 2). A similar concentration range for
OFLX in treatment plant has been recorded as 0.44-3.1
pg/L (Gac et al, 2012). Peng et al, 2006 investigate
sulphadiazine, sulfamethoxazole, ofloxacin and
chloramphenicol in the effluent of sewage treatment
plant and found the concentration of ofloxacin ranged
from 3.52 to 5.56 pg/L. Deblonde et al, 2011 reported
2.275 pg/L ofloxacin in effluents of wastewater treatment
plant Lee et al (2007) reported .034 to 0.251 pg/L in the
wastewater is also comparable to the values of the
present study.

Concentration of ofloxacin in the river before mixing the
Shadman and Satokatla drain were 0.14 and 0.22 pg/L
and after mixing range was 0.18 and 0.37 ug/lL,
respectively (Table 2). Upstream and downstream
concentrations of ofloxacin at the point where first
wastewater drain entered to the river were also
examined. Ofloxacin was not detected upstream
whereas downstream concentration was 0.043 pg/L
(Table 3). The presence of ofloxacin in different rivers
reported by number of studies (Dinh et a/, 2011;
Tamtam et al, 2008; Jiang et al, 2011; Xu et al., 2007,
Yiruhan et al, 2010, Zhang et af, 2012; Zhou et af,
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Table 1: Concentration of antibiotics in wastewater of the three hospitals

Concentrations in (ug L")

Municipal wastewater drain

Time of sampling ¢hrs)

17 hrs composite sampling

Antibictic Hospital 07:00 to 11:00 11:00 to 15:00 15:00 to 19:00 19:00 to 23:00 Before mixing After mixing
Mayo 22.19b+1.40 35.62b+0.82 18.41b%1.13 32.76b+0.19 0.26b+0.07 0.85+0.06

Oflaxacin Services 27.32a+0.62 39.13a+1.05 20.33a+0.35 35.21a+0.81 0.43a+0.03 1.2940.18
Jinnah 9.23c40.52 14.42c+0.11 7.31c0.61 11.80c+0.94 0.33c20.03 0.54+0.06

Treatment means followed by different letters in each column for Ofloxacin are significantly different at p = 0.05 according to Duncan’s

Multiple Range Test

Table 2: Concentration of the antibiotic in wastewater drains and river Ravi

Concentrations (pug L™")

River Ravi
Just before entering to the river Upstream Downstream
Shadman drain (Mayo and Services) 0.44+0.03 0.14+0.02 0.18+0.02
Satokatla drain (Jinnah) 0.31+0.06 0.22+0.03 0.37+0.06
Table 3: Concentration of the antibiotic before and after entering the first 1.0
MWW drain 0.9 4 SMWV 1
- - = : -0 SMWV 2
Concentrations of ofloxacin (ug L™ 08 SMWV 3
. . - 0.7 7 —>— SMWV 4
Before entering Before entering first After mixing first ' SMWV 5
Lah VWY drai drai 0.6 1
ahore rain rain a | —0— SMWV 6
ND ND 0.19+0.004 o) 0.5
1.0 0.4
: —— SHV 1 0.3
—— SHV 2 ’
—— SHV 3 0.2
—— SHV 4 0.1 1
—*—SHV'5 0.0 — = —
—O0— SHV 6

0.0 ] —
0 0015006 02 1 10 30 50 100

Ofloxacin (pug/ml)

Fig. 1. Resistance of Vibrio choferae collected from
hospital wastewater

2011 and Zou et af, 2011) supporting the results of
present study.

The Vibrio cholerae isolated from the hospital
wastewater sample, 83% were found resistant for
ofloxacin (Fig. 1). Isolates collected from municipal
wastewater drain before mixing the hospital
wastewater, 66% were resistant to the antimicrobial
agent (Fig. 2). It is very much clear from the Fig. 1 and 2
that isolates from the hospital wastewater can

0 0.015 0.06 02 1 10 30 50 100
Ofloxacin (ug/ml)

Fig. 2: Resistance of Vibrio cholerae isclated from
MWW drain before mixing hospital wastewater

survive at higher concentrations as compare to the
isolated of municipal wastewater drain.

The bacteria isolated from the river water sample
collected from downstream after mixing of the Satokatla
drain, the last drain entering in the river with municipal
wastewater of Lahore were found 83% resistant (Fig. 3).
Moore et al. (2010) reported resistance for bacterial
isolates of river water for different antibiotics ranged from
21 to 92.9%. £ coii collected from Dongjiang river of
China were found resistant up to 89.2% Su ef al. (2012).
Hoa ef af (2011) found that bacteria were resistant to
sulfamethoxazole ranged from 2.14 to 94.44% and 0.01
to 38% bacteria were found resistant to erythromycin.
Dias ef al. (2012) isolated 238 bacteria from bottled
water of different brands and studied for antibiotic
resistance. They reported that all the isolates were
resistant to at least three antibictics. Isolates from
clinical wastewater showed high resistant to antibiotics
than the wastewater isolates. About 50% clinical
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Fig. 3: Resistance of Vibrio cholerae collected from river
Ravi after mixing Satokatla wastewater

isolates were resistant to antibiotics whereas the
sewage isolates were found resistant upto 38%. So it is
clear that the sewage which receiving untreated hospital
wastewater is found to be a major source of multidrug
resistance bacteria to environment (Santoro et a/., 2012).

Conclusions: The results illustrated that the
concentration of OFLX varied from time to time in the
wastewater of the hospitals. Hospital wastewater was
found main contributor of the antibiotic to the MWW
drains. The river Ravi was not contaminated by the
antibiotic before entering the first MWWV drain. Therefore,
the amount of antibiotic found in the river was only due
to the MWWV drains of Lahore entering the river from
different points. The wastewater of the hospitals carrying
more resistant Vibrio cholerae as compare to MWW
drains. The river water is using for irrigation and
livestock; the use can cause serious health problems to
both humans and livestock because of the resistant
bacteria. Hospitals must be equipped with wastewater
treatment plants and municipals wastewater of Lahore
must be treated before entering into the river.
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