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Highlights Graphical Abstract
e The discharge of antibiotic-resistant bacteria into the
environment through wastewater can have contribution
to the contamination of natural water sources, including Y :
rivers, lakes, and oceans. =
¢ Wastewater can contain a diverse range of bacteria, in- ~sf .ﬁ“
cluding both susceptible and resistant strains. et
¢ The presence of antibiotics in wastewater creates a se-
lective pressure that favors the survival and prolifera-
tion of antibiotic-resistant bacteria. g :
e The most frequently seen antibiotics in natural waste-  peesinguse of antibiotic
water were Doxycycline and Ciprofloxacin. oo P rasingae
¢ Microbial resistance to all three antibiotics was tested in
both raw and treated wastewater.

———

Increase mortality

Abstract

Antibiotics are released into the environment either directly in an unchanged form or in a partially metabolized form.
The discharge is usually through untreated waste or industrial treatment effluents. The potential concern is the uptake
of these antibiotics by crops irrigated by treated wastewater. This study collected wastewater from eight points at the
Pagla, Kadamtali, Dhaka treatment plant. Here we consider three crucial antibiotics, Doxycycline, Ciprofloxacin, and
Tetracycline, used mainly during the last two years of the pandemic. A PDA detector was used in high-performance
liquid chromatography (HPLC) analysis to determine the raw and processed effluent antibiotics. The most frequently
seen antibiotics in natural wastewater were Doxycycline and Ciprofloxacin, with the highest concentration of 0.23pgL-
land 0.20 pgL-1(raw water), respectively. Tetracycline was not detected in natural water. Contrarily, Doxycycline was
discovered in the Pagla plant>s completed water and had the highest concentration (0.12 gL-1), whereas Ciprofloxacin
and Tetracycline were not found in the dead water. The findings of this study showed that Doxycycline was still present
in both the raw and processed effluent. Both natural and finished wastewater was subjected to a microbial-resistant test
in the presence of all three antibiotics. The results revealed that the samples detected both heterotrophic bacteria and
total coliform. The viable aerobic heterotrophic bacteria ranged between 5.421 and 4.754 log cfu/ml. Total bacteria load
gradually decreased in the finished wastewater.
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1. Introduction

Globally, people are becoming more concerned about anti-
biotic pollution of the environment in general and aquatic
ecosystems in particular [1,2]. Antibiotics are necessary
medications in hospitals, and significant volumes of antibiot-
ics are excreted and disposed of in hospital wastewater. The
extensive and unauthorized use of antibiotics in Bangladesh
has become an issue in addressing the presence of residual
antibiotics in wastewater. Wastewater is of two types; ur-
ban wastewater includes shops, offices and factories, farms,
transport, fuel depots, and mines [3]. Domestic wastewater
is used in homes and offices’ toilets, showers, baths, kitchen
sinks, and laundries. Wastewater can be a significantly focus-
ing reservoir and environmental supplier of antibiotics resis-
tance organisms [4]. They have been proposed as hotspots
for gene transfer and can spread antibiotic-resistant genes
between bacterial species [5]. This wastewater contains an-
tibiotics which can form a selection pressure for antibiotic
resistance even in low concentrations [6]. Antibiotics come
from a variety of sources, including humans, animals, agri-
culture, aquaculture, and the pharmaceutical industry. The
majority of antibiotics are used by humans, who are also
largely to blame for the amount of antibiotics that end up
in sewage. The problem with the water cycle and food chain
is made worse by reusing treated wastewater containing
partially decomposed antibiotic residues [7]. Other sources,
disposal of unused drugs which are date expired, hospital ef-
fluent, pharmaceutical wastes, and animal waste contribute
to increasing the higher concentration of wastewater.

A wide range of research has been conducted in Europe and
other developed countries on residual antibiotics and identi-
fying resistant microorganisms [8]. Only a few review works
have been focused on residual antibiotics in Bangladesh
[9,10]. Yet, there needs to be more knowledge in Bangladesh
about the residual antibiotics that remain in wastewater
before it is released into the environment and the sewer-
age system. There needs to be comprehensive information
on residual antibiotics and resistant microorganisms. Mini-
mal work has been done in the plant, fish, and poultry feed
[11,12]. This study aims to develop quick methods for de-

tecting mainly used residual antibiotics Doxycycline, Cipro-
floxacin, and Tetracycline in wastewater collected from the
treatment plant of Pagla, Kadamtali, Dhaka from eight dif-
ferent treatment steps. The extension of the study also iden-
tifies the bacterial species present in the waste water and
transformed resistant to two significant antibiotics.

2. Materials

All three standard antibiotics were purchased from Sig-
ma-Aldrich (Germany). All other solvents of HPLC grade
were purchased from Sigma Aldrich (Germany) through lo-
cal certified vendors; Deionized water was used for standard
and sample preparation. 0.45um cellulose acetate Millipore
microfilter was purchased from Pall ® Corporation, India,
and the PTFE syringe filter from Membrane Solution.

3. Methods

Pagla Wastewater Treatment Plant: Dhaka has only one
wastewater treatment plant located at Pagla, Kadamtali,
Dhaka. The factory can produce 130,000 m3/day. The facility
has 49,000 household sewer connections, 778 km of sewer
lines with various diameters, 20 lift stations for sewers, one
pump station in the center, and three truck interceptor sew-
ers. The neighboring river Buriganga receives the treated
wastewater for discharge [13].

3.1. Sample Collection

Collection jars were washed per the laboratory’s washing
protocol and dried in an oven for wastewater collection.
About 200mL of wastewater was collected from 8 different
points of the treatment plant at Pagla, Kadamtali. Samples
were collected and named as A-Raw sewage [bar screen
chamber], B-Equalization collection tank, C-primary settling
tank, D-aeration tank, E-Secondary settling tank, F-chlori-
nation dosing tank, G-dual media filter tank and H-treated
water for reuse Table 1. Samples of aliquots were made and
preserved at 4oC for further study. One part was sent for
microbiological analysis, and the other was used to detect
the presence of residual antibiotics by HPLC. All wastewater
samples were tested for temperature, pH, TDS, EC, Time, and
Location, shown in Table 2.
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Table 1: Name of samples collected from different steps of waste water plant at “Pagla”

Sample name Waste water Treatment step

A Bar screen chamber

B Equalization collection tank
C Primary setting tank

D Aeration tank

E Secondary setting tank

F Chlorine contact tank

G Dual media filter

H Treated water for reuse

Table 2: Location: Pagla Sewage Water Treatment Plant, Pagla, Kadamtali, Dhaka

Location Coordinates

Sample No.

Temperature

pH TDS (mg/1) EC (S/m)

A Inlet 23°68'38.56” N 33°C 5.16 1280 2650 11:14 am
90°45'11.14” E
B Distribution | 23°68'24.45"N 33°C 4.23 1635 3266 11:25 am
Chamber 90°45’19.45”E
C Measuring 23°68'16.63"N 33°C 4.19 1583 3260 11:35 am
Distribution | 90°45’20.09”E
Chamber
D Left A La- 23°67'85.96”N 34°C 5.12 1580 3280 11.55 am
goon 90°45’'38.75"E
E Right A La- 23°68'81.68"N 34°C 4.64 1480 2680 12.01 pm
goon 90°45°37.38"E
F Outfall Pump | 23°67°67.62”"N 31°C 5.11 1482 2960 12.18 pm
90°45’78.53"E
G Discharge 23°67'67.36” 31°C 6.23 1380 2760 12.24 pm
Chamber 90°45’85.08”E
H B Lagoon 23°67'46.55"N 34°C 7.07 1080 1160 12.39 pm
90°45’45.09”E

3.2. Sample Preparation

All collected samples, about 200 mL of water, were filtered
with 0.45um of nylon membrane filter to remove impurities.
Samples were air-dried for several hours and reached a vol-
ume of 180mL.

3.3. Instrument

Devices used included the HPLC high gradient pump system,
autosampler, degasser, heated oven, and photodiode array
[PDA] detector. HPLC analysis of antibiotic content in the

wastewater samples was performed according to previously
published method [14,15]; the mobile phase used was 5%
acetic acid, Methanol, and Acetonitrile [v/v 55:20:25] for
Doxycycline at a flow rate of 1.0 mL/min, with a wavelength
of 347. At the same time, Ciprofloxacin and Tetracycline were
run separately with 10% acetic acid and Acetonitrile [90:10]
at a flow rate of 1 mL/min and wavelength at 280 nm. Chro-
matography used 20 uL of the injected liquid at ambient tem-
perature on a reverse column C18 [250 mm x 4.6 mm]. HPLC
condition is shown in Table 3.

Table 3: HPLC condition for determination of three antibiotics in waste water of Pagla treatment plant

Compounds Solvent combination Column Flow Rate Absorbance Retention Time
(ml/min) (nm) (min)
Doxycycline 5% Acetic acid: C18 (250 mm, 4.6 |1.0 347 4.67
Methanol: Acetonitrile | mm)
(50:20:25)
Ciprofloxacin | 10% Acetic Acids: C18 (250 mm, 4.6 | 1.0 280 3.66
Acetonitrile mm)
Tetracycline 10% Acetic Acids: C18 (250 mm, 4.6 | 1.0 280 9.95
Acetonitrile mm)
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3.4. Standard Preparation

Weighing the approved standard [Doxycycline, Ciprofloxacin,
and Tetracycline] and dissolving it in double-distilled water
produced stock solutions of 10 mg L-1 [16]. All working solu-
tions and standards were created using these solutions. At
-20°C, all solutions were kept in a brown glass bottle. By di-
luting sections of the stock with double distilled water and
filtering through 0.45 m nylon membrane micro-filters, the
standards [1, 2, 4, 8, and 10 ppm] were created [17].

3.5. Analysis of wastewater for antibiotics by HPLC
Shimadzu Model SPD-M20A High-Performance Liquid
Chromatography [HPLC] was employed. The material was
injected into the HPLC column at about 20 L. Antibiotics in
wastewater samples were determined by contrasting the
HPLC peaks with the appropriate standard solution peaks. A
calibration curve from conventional solutions and retention
times was used to calculate the concentration.

3.6. Standard Preparation

Microbiological Analysis: Using the accepted techniques for
examining water and wastewater, water sample analysis for
bacterial analysis was performed [18]. The total heterotro-
phic bacterial count and total coliform were determined as
part of the bacteriological examination utilizing the serial
dilution method and pour plate procedures [19]. Aerobic
heterotrophic bacteria were counted and isolated using
tryptone soy agar [TSA; Oxoid Ltd., Basingstoke, UK]. The
identification and isolation of coliform bacteria were car-
ried out using MacConkey agar [Difco], SS agar (Diagnostic
Pasteur), and Thiosulphate citrate bile-salt sucrose [TCBS]
agar media. Fecal coliform Plates were incubated at 44.5 °C
for 24 hours, while inoculated Petri dishes were incubated at
37 °C. Immediately following the counting, isolated bacterial
colonies were discovered. Gram-positive aerobic heterotro-
phic bacterial isolates were identified using Bergey’'s Manual
for Systematic Bacteriology [20]. The Manual for Laboratory
Investigations of Acute Enteric Infections was used to de-
termine enteric bacteria, on the other hand [21]. Following

the manufacturer’s instructions, an API 20E kit was used to
identify and separate the Gram-negative bacteria of the En-
terobacteriaceae family.

Antibiotic susceptibility testing: According to CLSI's advice,
antimicrobial susceptibility testing was performed using
the disk diffusion method on Muller Hinton agar [MHA] af-
ter the Kirby-Bauer procedure [22]. According to Panda et
al’s instructions, the bacteria were aerobically cultivated in
TSB at 37 °C for 24 hours before being suspended in sterile
saline at a density corresponding to the 0.5 McFarland stan-
dard [23]. Mueller Hinton agar plates were inoculated by
spreading 100 1 of the bacterial suspensions evenly across
the surface of the agar, letting the plates dry, and then cover-
ing them with antibiotic discs. Three antibiotics—Ciproflox-
acin [5 mg], Doxycycline [30 mg], and Tetracycline [30 mg]
were examined. The plates were then incubated at 37°C for
24 hours, after which the zones of inhibition were quantified
and categorized as susceptible [S], intermediate [I], or resis-
tant [R] using the CLSI chart [24].

4. Result

For the quantitative evolution of residual antibiotics and mi-
crobial resistance and sensitivity test in the raw and finished
water, HPLC was used on all eight samples obtained from the
Pagla wastewater plant’s eight distinct treatment phases.
The natural and finished wastewater were numbered A to
H. Qualitative assessment of all eight water samples shows
acidic to neutral [4.19 to 7.07] pH and temperature ranging
about 310C to 34 oC. Both Electric Conductivity [EC] and To-
tal Dissolve Solids [TDS] are above average in all steps and
gradually decrease in the finished water sample (H) Table 2.

Doxycycline and Ciprofloxacin were frequently detected in
all eight samples, but no Tetracycline was seen in any of the
samples. The statistical analysis shows a significant differ-
ence (p=0.02) between antibiotics detected in raw and fin-
ished water samples Table 4. And Fig. 2. shows the HPLC
peaks of all three antibiotics in eight water samples.

Table 4: Antibiotics found in eight different waste water samples collected from Pagla Treatment Plant.

Sample no. Doxycycline (mg/L) Ciprofloxacin (mg/L) Tetracycline (mg/L)
A 0.023 0.021 Nil
B 0.036 0.026 Nil
C 0.099 0.020 Nil
D 0.044 0.022 Nil
E 0.038 0.020 Nil
F 0.029 0.020 Nil
G 0.026 0.009 Nil
H 0.011 Nil Nil

The study also determines the bacterial load in eight different steps of water samples. Table 5 shows the average number of

heterotrophic bacteria and total coliforms.
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Table 5: Total bacterial counts log cfu/ml of water samples

Samples Aerobic heterotro- Coliform Faecal coliform Total bacterial load
phic bacteria on TSA

A 5.017 2.033 1.380 8.43

B 4.783 2.004 1.716 8.503

C 4971 1.812 0.602 7.385

D 5.146 2.706 0.602 8.454

E 5.421 3.402 0.477 9.3

F 4.857 2.716 1.459 9.032

G 4.754 2.170 0.246 7.17

H 4.985 1.014 00 5.999

The viable aerobic heterotrophic bacteria ranged between
5.421 and 4.754 log cfu/ml. The highest load was observed
in a sample of Secondary setting tank-E [5.421 log cfu/ml],
while the lowest count [4.754 log cfu/ml] was found in the
sample of dual media filter-G. The maximum values of total
coliforms were [3.402 log cfu/ml] in the sample of prima-
ry setting tank-E, and a minimum count [1.014 log cfu/ml]
was observed for the sample in finished water for re-use-H.
The highest load for fecal coliform was observed in a sample
of equalization collection tank B [1.716 log cfu/ml], and no
fecal coliform was found in the treated water sample for re-
use-H. However, the total bacterial load decreases from the E
step [9.3 log cfu/mL] to H [5.9 log cfu/mL].

During this study, 160 discrete bacterial colonies were pri-
marily isolated, and finally, 30 selected bacterial isolates
were studied in detail for identification and their drug resis-
tance pattern to Doxycycline, Tetracycline, and Ciprofloxacin.
All of the chosen isolates were catalase-positive and aerobic.
Most organisms could hydrolyze starch, were motile, and
were methyl red positive. Tests on the isolated organisms’
physiological and biochemical makeup revealed that they
belonged to nine different genera, viz., Bacillus, Alcaligenes,
Escherichia coli, Enterobacter cloacae, Klebsiella, Salmonel-
la, Pseudomonas, Citrobacter freundii, C. youngae and Staph-
ylococcus (Table 6).

Table 6: Identified bacterial isolates recovered from Pagla Waste water plant.

Isolate identification Sampling site

Bacillus sp. A B,DEG
Staphylococcus sp. G DE
Alcaligenes G H
Escherichia coli A CDEF
Enterobacter cloacae F H
Citrobacter freundii B,CE

C. youngae C,D
Klebsiella A B
Salmonella AH
Pseudomonas ADF

Antibiotic susceptibility testing: Antibiotic susceptibility
analysis to detect resistant bacteria was performed using
Doxycycline [30 pg], Ciprofloxacin [5 pg], and Tetracycline
[30 pg]. Any bacterium presenting a resistance phenotype in

3 classes of antibiotics is a multi-drug resistant [MDR] bac-
terium [25]. According to the resistant pattern definition,
Escherichia coli, Klebsiella, and C. youngae were MDR [Table
7].
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Table 7: Antimicrobial resistance profile of selected bacteria

Sampling sites Bacterial isolates

Antibiotic susceptibility

A Bacillus sp.
Escherichia coli
Klebsiella
Salmonella
Pseudomonas

DOX 30

B Bacillus sp.
Citrobacter freundii
Klebsiella

C Staphylococcus sp.
Citrobacter freundii
C. youngae
Escherichia coli

= ng|lmwnn|lnunnmg—un

D Bacillus sp.
Staphylococcus sp.
Escherichia coli

C. youngae
Pseudomonas

E Bacillus sp.
Staphylococcus sp.
Citrobacter freundii
Escherichia coli

F Enterobacter cloacae
Escherichia coli
Pseudomonas

G Alcaligenes
Bacillus sp.

H Alcaligenes
Enterobacter cloacae
Salmonella
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Most of the isolated Bacillus sp. were resistant to Doxycy-
cline, and all were sensitive to Tetracycline. All the selected
E. coli isolated from Site-A, C, D, E, and F were resistant to
the tested three antibiotics. Klebsiella isolated from site-A,
Staphylococcus isolated from site-C, and C. youngae isolated

from site-C and D were found resistant to all the tested an-
tibiotics. Enterobacter cloacae and Salmonella isolated from
different sites were susceptible to all the tested antibiotics.
[Fig. 2.].

ECIP5 mDOX30 ®WTE30

Percentage (%)

Bacterial isolates

Figure 1: Percentage of selected isolates resistant to tested antibiotics
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5. Discussion

The “Pagla” wastewater plant’s antibiotic residual levels
have been measured in the current investigation. Samples
were taken at eight different treatment stages. The frequen-
cy of antibiotic prescriptions in hospital inpatient wards, the
stability of the environment, and the effects of antibiotics
on the environment are known or suspected. The antibiotic
prescription pattern in hospital inpatient wards, the envi-
ronmental stability, and the suspected and known environ-
mental impact of an antibiotic.

In this study, all eight collected samples were subjected to
HPLC for qualitative and quantitative evaluation of residual
antibiotics in raw and finished water. Physical analysis of the
samples; temperature, pH, TDS, EC, time, and location were
also analyzed. The higher value of TDS and ES indicates the
presence of impurities and solid particles in the water. Wa-
ter’s TDS concentration indicates the presence of inorganic
salts and trace amounts of organic matter, while its EC value
indicates how well it can conduct an electric current [16].
Natural phenomena, including geological conditions and
seawater, as well as human activities like residential and in-
dustrial waste and agriculture, are the material sources for
TDS and EC [17-19], which shows the existence of impuri-
ties and solid particles in the water.

Although pH has no direct effect on the consumer, it is one
of the most crucial operational water quality characteristics
because it affects the aquatic life, solubility of solids, taste
and odor of solids, and the ability of solids to dissolve oxy-
gen [26]. The pH of the water should range from 6.5 to 8.5,
as suggested by the WHO, [27], which is consistent with this
finding for G and H steps. Increased concentration of Doxycy-
cline and Ciprofloxacin is used not only for humans but also
for animals and fish. Doxycycline and Tetracycline are used
for many types of infection, including respiratory tract infec-
tion. The high concentration of Doxycycline in the finished
wastewater indicates the effective use of Doxycycline rather
than Tetracycline and Ciprofloxacin.

Another reason is that the pandemic facilitated Doxycycline
and Ciprofloxacin use. Studies show hospital and pharma-
ceutical waste also contribute to these residual values. It has
been suggested that its lack of detection in the last phase of
the treatment plant is due to the easy destruction of the -lac-
tam ring, its high metabolic rate, and the process of decar-
boxylation [28]. Only used for animal therapies, enrofloxacin
can occasionally be converted to Ciprofloxacin under specific
circumstances [28]. Therefore, it is important to consider the
likelihood and severity of pollution from animal sources.

To lessen toxicity and increase biodegradability, complex
organic molecules cannot be broken down by conventional
wastewater treatment facilities. New technologies, such as
sophisticated oxidation processes, must be created to meet
this need. It is found that the studied wastewater treatment
plant efficiently reduces the total coliform and total bacterial
load except for Aerobic heterotrophic bacteria. This might be
brought on by aerobic heterotrophic bacteria that are Doxy-
cycline- and other antibiotic-resistant in the absence of dox-
ycycline residue.

In this study, the maximum total viable count was found in
Secondary setting tank-E [9.3 log cfu/ml], and the lowest
count (5.999 log cfu/ml) was found in the treated water. A
similar observation was also reported by Saha et al [29]. In
Saidabad Water Treatment Plant, 3.78 log10 cfu/100 ml was
the average of the maximum and least values of total coli-
forms in raw water. Coliforms were not detected in treated
water in Saidabad Water Treatment Plant [30]. The present
study found coliforms in treated water [1.014 log cfu/ml],
but fecal coliforms were not detected in treated water.

The study showed that the Pagla sewage treatment plant
significantly reduced bacterial counts in the final treatment.
There was no fecal coliform found in site H. However, coli-
form and heterotrophic bacterial counts in effluent from the
treatment plant exceeded according to WHO [31].

Three different antibiotics were used to assess the suscep-
tibility of the isolates, and from the results, their antibiotic
resistance profiles and numerous antibiotic resistance phe-
notypes were compiled. Antibiotic resistance is one of the
world’s most burning public health concerns. Antibiotic-re-
sistant bacteria can spread swiftly and consequently threat-
en the environment with new strains of infectious disease.
Among bacterial isolates, E. coli and C. youngae were 100%
resistant to Tetracycline, Doxycycline, and Ciprofloxacin, fol-
lowing the study conducted by many research groups where
most isolates were also resistant to Doxycycline, erythromy-
cin and Tetracycline [92.9%] [32,33]. This is not in agree-
ment with yet another observation, where all the isolates
were found to be susceptible to Ciprofloxacin in E. coli and
Pseudomonas was observed [34].

6. Conclusion

According to the study’s findings, Ciprofloxacin and Doxycy-
cline were found in both the finished and raw water. This can
lead to the emergence of bacteria that are resistant to anti-
biotics, which has grave consequences. Due to the adverse
effects of lifetime exposure to Ciprofloxacin and Doxycycline,
even at low levels, the potential persistence of these drugs in
water sources is a serious concern. As traditional antibiotics
cannot treat some diseases caused by pathogenic resistant
bacteria, antibiotic contamination of drinking water must be
addressed immediately. It was a good sign that, Tetracycline
was not detected in the Pagla wastewater treatment plant.
This study has underlined the significance of a sewage treat-
ment facility in lowering environmental bacterial contami-
nation. However, cleaned wastewater may still contain germs
that are resistant to antibiotics. Additionally, the wastewater
treatment plant’s high bacterial numbers and antibiotic-re-
sistant bacteria may contribute to the spread of water-borne
illnesses and the broader spreading of antimicrobial resis-
tance. This study thus emphasizes the demand for a thor-
ough strategy to address antibiotics. Hospital wastewater is a
significant source of antibiotic contamination in nations like
Bangladesh. Further analysis is required to determine the re-
lationship between the amounts of antibiotics prescribed in
hospitals and the amounts of antibiotic residues discovered
in hospital effluent. Further investigation is needed into this
impact on environmental bacterial resistance development
and its eventual public health implications.
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