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ABSTRACT: The phenotypic prevalence of antibiotic-resistant E. coli (ARE) in the sewage of Bangkok City, Thailand,
during the conventional activated sludge (CAS) process was evaluated. The relationship of ARE in the CAS
effluent/receiving water was investigated. The CAS E. coli isolates were tested against 20/21 antibiotics in 6 classes:
4 aminoglycosides, A; 3 tetracyclines, T; 1 chloramphenicol, C; 11 quinolones, Q; 1 sulfonamide, S; and 1 beta-
lactam, B. The results showed that the sewage contained 84% ARE, of which 28% was single drug-resistance and 56%
was multidrug-resistant E. coli (MRE). Poor removals of ARE/MRE were found in the CAS. Inversely, a more susceptive
E. coli population to all tested antibiotics was detected in the CAS effluent (24%). When MRE was classified into low
(L)-, medium (M)-, and high (H)-levels based on number of resistant antibiotics, it showed that the effluent L-MRE
(2 to 5 antibiotics) was highest (46%) compared to the others (29-38%), while H-MRE (11 to 16 antibiotics) was
relatively dominant in the dewatered sludge (24%). Additionally, Q-S-T was the most phenotypic resistant pattern in
sludge, while Q-S was highly frequent in effluent. ARE in receiving water showed a high correlation to MRE of CAS

effluent along receiving water due to high contamination of coliforms and E. coli.
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INTRODUCTION

Over 2 decades, there have been many reports that do-
mestic wastewater contains mixtures of various resid-
ual chemical pollutants from the daily use of pharma-
ceutical products including flora/pathogenic microor-
ganisms from human excreta [1]. Thailand is one
of the largest consumers of antibiotics in the SEA, in
which top-five antibiotics released into the water envi-
ronment via discharged effluent from hospital waste-
water are determined including amoxicillin, tetracy-
cline, ampicillin, ciprofloxacin, and imipenem, respec-
tively, mainly from the suspended growth systems [2].
The National Antimicrobial Resistance Surveillance
Center of Thailand [3] reported that antimicrobial-
resistant Enterococcus spp. from urinary tract infection
patients from 2011 to 2022 showed very high an-
timicrobial resistance (AMR), especially to tetracycline
(81.8% to 91.7%), erythromycin (67.5% to 72.6%),
penicillin G (40.9% to 52.5%), and gentamycin (32.9%
to 50.0%). While those of healthy adults working
on farms showed 75.5%-77.3% positive for extended-
spectrum beta-lactamase (ESBL) producing E. coli in
stool specimens [4].

Domestic wastewater has been proven to be one
of the important sources of surface water contamina-
tion of antibiotic-resistant bacteria (ARB) [1,5]. A

wastewater treatment plant (WTTP) is the most im-
portant facility to remove these impurities and elim-
inate waterborne pathogens in sewage before being
discharged into the environmental water. However, the
migration of human enteric microorganisms into water
bodies/environments has been ubiquitous especially
from WWTPs where disinfection is omitted [6]. ARB
contamination is neither necessarily local nor depen-
dent on the environment; they can disseminate among
different bacterial species and distinct habitats [7].
The wild types of E. coli show a high correlation to
antibiotic microbial resistance characteristics in envi-
ronment water [8-10]. To understand ARB develop-
ment, addressing the study of antibiotics and AMR
genes, not only in the clinic but in natural non-clinical
environments, is suggested [10]. Advanced biological
techniques of AMR genes in WWTPs have been applied
in Europe, Australia, America, and South Middle Asia
[1,11,12]; however, few studies have been performed
on ARB dissemination from WWTPs in Southeast Asia
(SEA) region [13]. Unfortunately, the detection of
ARGs in WWTPs is currently reported in units that can-
not be directly used for assessing health consequences
and risks [13]. Because disinfection of the effluents
from many WWTPs in Bangkok metropolitan is rarely
done [6] with a direct discharge of large volumes
of treated wastewater into the canals and then the
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Chao Praya River, the main river in the central part
of Thailand, a large amount of enteric ARB has been
reported in the Chao Praya River [14].

Because migration of ARB is possible world-
wide [1], information on ARB sources in various parts
of the world is still required to understand ARB devel-
opment and transport behavior. Worldwide transport
and commercial activities are helping the dissemina-
tion of bacteria even between different oceans and
continents with rare reports from Southeast Asian
countries. The number of coliform bacteria including
ARB in the domestic wastewater and in the treatment
process relative to those in the receiving water had
been investigated. This study reports the prevalence of
viable ARB in municipal WWTP and its receiving canal
water. In this study, E. coli was used as the indicator to
evaluate antimicrobial resistance prevalence in WWTP
and receiving canal water.

MATERIALS AND METHODS

Wastewater treatment process and sampling
location

Dindaeng WWTP is the biggest central treatment plant
in Thailand. It receives wastewater from 2.3% of
the total Bangkok metropolitan area (37 km?) serving
1,080,000 people in 8 districts: Phomprapsatruphai,
Samphanthawong, Patumwan, Rajtawee, and some
parts of Phranakhon, Dusit, Phayathai, and Dindaeng
districts. Dindaeng WWTP is a conventional activated
sludge (CAS), one type of suspended growth treatment
systems, with a treatment capacity of 350,000 m®/d
with an inflow of 204,000-206,000 m®/d. The oper-
ation condition of the WWTP is 4 h-HRT (hydraulic
retention time) with mixed liquor suspended solids
(MLSS) of 6,000 mg/l in aeration tank [15]. The
excess sludge from the clarifier is concentrated to
20% biosolids by the belt filter press. Then, lime
powder (Ca(OH),) is mixed into the dewatered sludge
to control odor during transportation. The treated
wastewater (effluent) is discharged without disinfec-
tion into the pond, namely Rama VI, joined to the
“Samsane canal”. In this study, 2 sampling rounds of
E. coli collection were performed in the dry period of
the year to avoid interference with rainwater effect.
The 1st round (January to April) was to evaluate the
phenotypic alteration of E. coli in WWTP (300 colonies
in total), thus E. coli isolates from each location of
WWTP (each n = 100): influent, effluent, and dewa-
tered sludge, had been performed monthly with 20-30
E. coli colony collection. The 2nd round was carried
out monthly from November to December by 20-30
E. coli colony collection to investigate the phenotypic
alteration of E. coli in receiving water in correlation
to those from WWTP The E. coli was isolated from
influent/effluent of WWTP including the water sam-
ples from the receiving canal at 1, 2, 3, and 4 km
from the WWTP effluent discharged point (each n
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= 60, and 360 colonies in total). The samples for
biological analysis were kept in 500 ml sterile bottles
stored in the ice box and immediately transported to
the laboratory. All samples were microbial analysis
within 2 h. Concurrently, separate sample bottles (1 1)
for the common chemical properties of wastewaters (n
= 6) were determined according to standard methods
of wastewater analysis [16] to evaluate the monthly
general performance of WWTP

Bacterial enumeration and examination of
antibiotic resistance of E. coli

Total coliforms/fecal coliforms/E. coli and Enterobacter
spp. were enumerated by the 5 tubes-MPN technique
for the 1st sampling [16]. In addition, E. coli was
isolated by spread plate method and membrane filtra-
tion technique using Chromocult coliform agar (Chro-
moCult® Coliform Agar, Merck KGaA, Darmstadt, Ger-
many) [17]. It is noted that for the samples with high
bacterial concentrations such as influent/dewatered
sludge, the spread plate method was used, while for
those of low bacterial concentrations such as effluent,
the filtration technique was employed. For the 2nd
sampling, only total coliforms and E. coli were enu-
merated using the spread plate method (influent) and
membrane filtration technique (effluent/canal water).
For susceptibility test, the E. coli isolates were cultured
in Tryptic soy (TS) broth (Perlcore, EIKEN Chemi-
cal®, Tokyo, Japan) at 35+2°C until the turbidity
was equivalent to the McFarland No. 0.5. Thereafter,
each E. coli culture was smeared on Mueller Hinton
agar plates (MH Agar, BBL™, New Jersey, USA) for
disk diffusion test. Twenty antibiotics were placed
on MH agar to assess E. coli antibiotic resistance.
All test plates were incubated at 35+2°C for 18 to
22 h [18]. Evaluation of antibiotic resistance of each
antibiotic was carried out by measuring a clear diame-
ter around the disks. Three characteristics of antibiotic
susceptibility for sensitive (S), intermediate (I), and
resistant (R) were assessed according to the leaflet of
the EIKEN Chemical®. The susceptible control in disk
assay was E. coli TISTR780 (Microbiological Resources
Centre, Thailand Institute of Scientific and Techno-
logical Research, Thailand). Those tested antibiotics
(KB Disk®, EIKEN Chemical) are different bacte-
rial resistant mechanisms categorized into 5 classes:
(1) aminoglycosides, 4 types: kanamycin (KM); gen-
tamycin (GM); tobramycin (TOB); amikacin (AMK),
(2) tetracyclines, 3 types: tetracycline (TC); doxy-
cycline (DO); and minomycin (MNO), (3) chloram-
phenicol (CP), (4) quinolones, 11 types: nalidixic acid
(NA); cinoxacin (CIN); norfloxacin (NFX); ofloxacin
(OFX); enoxacin (ENX); ciprofloxacin (CIP); lome-
floxacin (LFX); fleroxacin (FLX); levofloxacin (IVX);
gatifloxacin (GFLX); and sitafloxacin (STFX), and
(5) Sulfonamide (ST). It is noted that only cephalothin,
(beta-lactams, KF) was tested additionally for the 2nd


http://www.scienceasia.org/
www.scienceasia.org

ScienceAsia 50 (3): 2024: ID 2024069

round strains of E. coli because high prevalent AMR of
beta-lactams in healthy worker adults in Thailand has
been reported [4].

RESULTS AND DISCUSSION
Wastewater characterization and CAS performance

The chemical characteristics of sewage treated effluent
of the CAS are shown in Table 1. Overall properties
indicate that treatment efficiencies (22-88%) for the
major chemical parameters had been achieved for the
quality standard of domestic discharged wastewater
of Thailand. In terms of bacterial elimination, it
was found in the range of 92-94% equivalent to a
reduction of 1.0-1.7, 0.9-1.3, 0.3-1.4, and 0.4-1.5
log MPN/100 ml for total coliforms, fecal coliforms,
E. coli, and Enterobacter spp., respectively. These
efficiencies were slightly higher relative to the general
CAS performance of microbial removal (80-90%) as
reported elsewhere [19]. This discharged bacterial
concentrations of the CAS was above the guidelines of
wastewater reuse for agriculture and the standard wa-
ter quality of the surface water (Type 3) for agricultural
applications in Thailand (Table 1).

Alteration of antibiotic-resistant E. coli population
in CAS

Table 2 shows changes in the antibiotic resistance of
E. coli strains in various samples of CAS (the 1st
sampling). It is noted that MRE was classified into
3 categories by amount of resistant antibiotics: a
low resistant degree (2 to 5 antibiotics); a medium
resistant degree (6 to 10 antibiotics); and a high
resistant degree (>10 antibiotics). In the case of
E. coli resistance to only one antibiotic in 20 tested
antibiotics, it was classified as ARE. It shows that
ARE was eliminated by the WWTP by about 37%.
Inversely, a more susceptive E. coli population to all
tested antibiotics was detected in the CAS effluent
(24%). It seems that the antibiotic resistance character
of E. coli disappeared after the CAS process. Likewise,
in the case of MRE, only the medium resistance (6 to
10 antibiotics) decreased from 12% to 9% of effluent,
while the low resistance (2 to 5 antibiotics) increased
from 38% to 46%. This evidence suggests that the
number of antibiotic resistance expressions of the MRE
in the effluent could reverse after the CAS process.
Although most activated sludge processes treating ur-
ban wastewater generated high ARE concentrations
with 5 to 7 antibiotic resistances in various antibiotic
groups [20], the mechanisms by which biological pro-
cesses/conditions influence the development/selection
of ARB and ARG transfer are still poorly understood
up to date [5,21]. Unfortunately, there has not been
the same classification of MRE in the previous study
as this study presented. Therefore, information on
antibiotic resistance alteration of E. coli in a WWTP

has been limited. Nevertheless, there have been few
reports on the removal of ARB in domestic WWTPs.
Some studies suggest that multidrug-resistant and sus-
ceptible microbial populations are not equally affected.
It is proposed that the removal efficacy of ARB by
a WWTP is influenced by many factors such as the
bacterial species, influent properties, bacterial loads
[1,2] as well as the design/operation of the WWTP
[13,22]. Pathogenic ARB seems to be removed highly
in WWTP relative to the coliform ARB. The percentage
of coliforms and fecal coliforms carrying transmissible
resistance genes was higher in the treated sewage com-
pared to the raw sewage, while the number of selected
resistant pathogens was reduced up to 99% [20]. It is
mentioned that the mechanism of antibiotic resistance
development is via horizontal transferring of the mo-
bile genetic elements such as plasmids, transposons,
and integrons between bacterial species in the acti-
vated sludge process [13]. Inversely, the reverse of
antibiotic resistance expression could be found in bac-
teria that live in a non-stress condition. It is proposed
that the main biological parameter that influences the
rate of development of resistance, the stability of the
resistance, and the rate at which the resistance might
decrease if antibiotic is used was reduced [23].

In the case of the dewatered sludge, the dewa-
tered sludge of this CAS with lime addition showed
a higher proportion of susceptibility to the resistance
of E. coli relative to that of the influent and efflu-
ent. However, disinfection of sludge by chemicals
such as Ca(OH), can generally reduce the significant
number of microorganisms [24]. However, given the
selection pressure, bacterial strains with appropriate
mechanisms of resistance may have a better chance
of survival [24]. Remarkably, the MRE of 11-16
antibiotics increased about 4 times (24%) compared
to those of the influent/effluent (6%). Oppositely, only
29% of medium MRE (2-5 antibiotic resistances) was
a lower proportion than that detected in the influen-
t/effluent. Because dewatered sludge contains high
condenses of biomass (20%, ~200,000 mg solids/1),
which are very high compared to those of influent and
effluent (11-26 mg/1). It is stated that horizontal gene
transfer is possible in technical equipment wherever
bacteria concentration is high [13,25]. It might be
presumable that medium MRE altered to high MRE
during sedimentation or dewatered process.

Table 3 shows the total 26 phenotyping classifica-
tions of 300 resistant E. coli strains in the CAS samples
into 5 resistant antibiotic groups. Considering the
ARE of each antibiotic group, the highest percentage
(10.3%) of ARE belonged to Q. The Q resistance per-
centage tended to reduce from the influent (19%) to
the effluent (7.9%) and the sludge (13.2%). For other
antibiotics, the percentage of ARE in all samples was
lower (0% to 7.9%). In the case of 2 groups of antibi-
otic resistances, there were 9 phenotyping patterns of
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Table 1 Performance of the studied CAS of Bangkok during studied period.

Range (min-max) Thailand surface

Parameter Thailand WWTP water quality
INF EFF Removal, % effluent standard
standard (Type 3)

BOD, mg/1 32-40 4-6 85-88 20 <2
COD, mg/1 160-320  32-60 79-84 - -

SS, mg/1 18-26 11-14 22-54 50 -

TKN, mg/1 16-19 3-4 74-77 - -

TN, mg/1 33-34 8-9 73-77 20 -

pH 6.6-6.8  7.3-7.5 - 5.5-9.0 -

Total coliform, log MPN/100 ml 7.2-7.5 5.6-6.3 1.0-1.7 log - 4.3
Fecal coliform, log MPN/100 ml 7.1-7.5 6.7-7.4 0.9-1.3 log - 3.6

E. coli, log MPN/100 ml 6.1-7.0 5.6-6.0 0.3-1.4 log - -
Enterobacter spp. log MPN/100 ml ~ 6.0-7.3  5.6-6.2  0.4-1.5 log - -

INF, influent; EFF, effluent; and WWTP, wastewater treatment plant (chemical parameters, n = 6; biological parameters,

n=4).

Table 2 Resistant percentages of E. coli strains of the CAS samples to 20 antibiotics (the 1st sampling).

Resistant percentage of E. coli isolate (%)

Number of resistant antibiotic(s)

Influent Effluent Dewatered sludge
(n =100) (n =100) (n =100)

Sensitive to 20 antibiotics 16 24 32
Resistance (ARE+MRE) 84 76 68
ARE 28 15 11
MRE Category

a) Low: 2-5 antibiotics 38 46 29

b) Medium: 6-10 antibiotics 12 9 4

¢) High: 11-16 antibiotics 6 6 24

ARE: antibiotic-resistant E. coli and MRE: multidrug-resistant E. coli.

antibiotic resistances. The Q-S MRE was mostly found
especially in the influent/effluent (10.7% to 13.2%)
relative to the other group of antibiotics (0% to 4.8%).
The similarity of the bacterial resistance mechanism
of quinolone and sulfonamide is an alteration of the
target site in DNA synthesis, while that of quinolone
and tetracycline is an active efflux pump [26]. Dif-
ferent from the S-T MRE, it was found in the range
of 7.1% to 10.3% of all samples. Nevertheless, the
highest percentage of resistance phenotypes belongs
to the Q-S-T MRE of the sludge sample (17.6%). The
Q-S-T MRE had increased markedly relative to that of
the influent. Likewise, the Q-S-T-C-A MRE showed the
same trend as the Q-S-T ARE. Nevertheless, the Q-S-
T-C MRE was slightly decreased because of a decrease
in the C-ARE percentage. Overall results suggest that
ARE of the CAS tended to decrease after the treatment
process, while more MRE was detected in the sludge.
The Q-S-T MRE was mostly found in the sludge while
the Q-S MRE was more frequently detected in the
effluent.

Antibiotic-resistant phenotypes of E. coli

Antibiotic-resistant phenotypes of E. coli strains in the
CAS sample against 20 antibiotics are shown in Fig. S1.

www.scienceasia.org

The top 3 highest percentages of resistance to antibi-
otics were NA (nalidixic acid, 54%), ST (sulfamethox-
azole, 50%), and TC (tetracycline, 42%), respectively.
After the treatment process, these high resistance per-
centages to 3 antibiotics remained in effluent/sludge.
The ST-ARE was remarkably high percentages relative
to that from previous reports in the activated sludge
processes (up to 20%, Table 4) in many countries
in Europe [24,27-29]. Nevertheless, the WWTP in
Portugal [19] addressed a constant ARE percentage in
influent/effluent (22%), and only one plant shows a
similar trend of ARE as of this study. Inversely, TC ARE
slightly decreased in the effluent but increased in the
sludge. TC is one of the common antibiotics that most
ARE in sewage tend to develop resistance to during the
treatment process (Table 4). It was reported that the
resistance to TC and ST is influenced by their residuals
in WWTP and temperature [11]. Different from NA,
ARE tended to decrease after treatment of both the
effluent and sludge. As compared to the available data
of NA-ARE in 10 years (4% to 10%) [24], the NA-
ARE of this CAS was about 4 times significantly higher.
Besides, it is seen that ARE in the sludge had higher
resistance to the latest generations of quinolones (LFX,
ENX, FLX, CIN, OFLX, LVX, NFX, and STFX). Neverthe-
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Table 3 Antibiotic resistance phenotypes of E. coli isolates in WWTP categorized by class of antibiotics.

Phenotype Phenotype Amount of resistant Total Frequency over total Total
pattern No. strain (n=100 each) (n=300) resistance (%) (%)
INF EFF SLD INF EFF SLD
1.1 Q 16 6 9 31 19.0 7.9 13.2 10.3
1.2 T 5 6 4 15 6.0 7.9 5.9 5.0
1.3 S 5 2 4 11 6.0 2.6 5.9 3.4
1.4 C 4 2 0 6 4.8 2.6 0 2.0
1.5 A 0 1 1 2 0 1.3 1.5 0.7
2.1 Q-S 9 10 1 20 10.7 13.2 1.5 6.7
2.2 Q-T 4 1 2 7 4.8 1.3 2.9 2.3
2.3 Q-C 0 3 0 3 0 3.9 0 1.0
2.4 Q-A 0 0 1 1 0 0 1.5 0.3
2.5 S-T 6 7 7 20 7.1 9.2 10.3 6.7
2.6 S-C 0 0 1 1 0 0 1.5 0.3
2.7 S-A 1 0 0 1 1.2 0 0 0.3
2.8 T-A 0 2 1 3 0 2.6 1.5 1.0
2.9 T-C 2 2 0 4 2.4 2.6 0 1.3
3.1 Q-S-T 3 7 12 22 3.6 9.2 17.6 7.3
3.2 Q-S-C 5 7 2 14 6.0 9.2 2.9 4.7
3.3 Q-T-C 2 2 0 4 2.4 2.6 0 1.3
3.4 Q-S-A 0 2 0 2 0 2.6 0 0.7
3.5 S-T-C 2 1 2 5 2.4 1.3 2.9 1.7
3.6 S-T-A 2 2 1 5 2.4 2.6 1.5 1.7
4.1 Q-S-T-C 8 6 6 20 9.5 7.9 8.8 6.7
4.2 Q-S-T-A 3 2 2 7 3.6 2.6 2.9 2.3
4.3 Q-S-C-A 1 1 3 5 1.2 1.3 4.4 1.7
4.4 Q-T-A-C 1 1 0 2 1.2 1.3 0 0.7
4.5 S-T-A-C 0 1 2 3 - 1.3 2.9 1.0
5.1 Q-S-T-C-A 5 2 7 14 6.0 2.6 10.3 4.7
Overall 84 76 68 228 100.0 100.0 100.0 100.0

Number of tested antibiotics; A: 4 aminoglycosides; T: 3 tetracyclines; C: 1 chloramphenicol; Q: 9 quinolones; S: 1
sulfonamide; INE influent; EFE effluent; SLD, sludge; and WWTE wastewater treatment plant.

Table 4 Antibiotic resistance percentages (disk diffusion assay) of E. coli isolates from wastewater treatment plants in
comparison to other countries.

Country Treatment Sample % of E. coli resistant strain
type KM GM TC CP NA NFX OFX VX CIP ST
Thailand AS INF 8 7 42 30 54 10 9 6 12 50
(This study) EFF 9 5 37 25 44 5 5 7 6 51
SLD 9 15 48 20 39 20 23 22 23 51
Finland [27] na INF na na 10-17  2-7 na na na na na 16-20
EFF na na 5-14 na na na na na na 0-7
Austria [24] AS INF na na 6-29 0 0-10 0 0 na 0 2-4
EFF na na 16-35 0-8 04 0 0 na 0 0-10
SLD na na 0-57 0-2 0-15 0-2 0-2 na 0-2 0-13
Germany [38] AS INF 0 0-15 0-5 0 na na na na na 0-15
EFF 0 0 0-26 0 na 0 0 na 0 0
Portugal [19] AS INF na 3.8 32.1 na na na na na 2.5 22.2
EFF na 5.6 36.8 na na na na na 9.7 22.5
USA [39] na EFF 0 na 14 na 1 na na na na na
Poland [29] AS EFF na 2 na na na na na 9.5 10.5 11.1

“na” = data not available; INE, influent; EFE effluent; and SLD, sludge.
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less, the ARE percentage tended to decrease with a new
generation, or in other words, the more generation, the
more decrease in resistant character (Table S1). Com-
pared to other sources of ARE in Thailand, the NFX-
ARE isolated from in-patients tended to increase from
78% to 87%, while a decreasing trend was reported for
the OFX-ARE from 72% to 62% from 1998 to 2010 [3].
There are reports of the correlation between antibiotic
usage and releases into domestic sewage. CIB the most
prescribed fluoroquinolone, has been detected at levels
of hundreds of ng/1 in surface water and up to 5 ng/lin
the effluent of wastewater treatment plants [2, 30, 31].
Most of the quinolones entering the wastewater treat-
ment system were mainly adsorbed on the sludge as a
major elimination mechanism in the range of 60% to
100% [2, 32, 33]. These findings explain that sludge is
the main reservoir of quinolones/derivatives. For this
reason, microorganisms including E. coli in the sludge
in the WWTP have high potency to quinolone exposure
subsequently in resistance development.

Relationship of antibiotic-resistant E. coli in the
CAS effluent and the receiving water

The total coliforms and E. coli in water samples of the
CAS and the receiving water at 1 km to 4 km of the
discharge point were enumerated and examined for
antibiotic resistance (Table 5). In 2nd sampling, the
total coliforms and E. coli population were eliminated
by the CAS about 2 log orders from 4-5 log orders
to 2-3 log orders which was a similar trend as in the
1st sampling, indicating consistency of the treatment
performance. Total coliforms and E. coli population
were about 1-2 log orders higher in the receiving water
along 1 km to 4 km. The known factors, i.e. available
organic substances and water temperature, are most
affected by the dynamic population of microorganisms
in wastewater [1,11]. Data from the Department of
Drainage, Bangkok Metropolitan, show that the BOD
concentration of the receiving water (Samsane canal)
was in the range of 10-20 mg/l [15], which was
significantly higher than that in the CAS effluent (4-
6 mg/1). Most of the canal water in Bangkok generally
had high BOD concentrations while the coliforms were
up to 7 log MPN orders [34]. This is because some
canals in Bangkok function as large open channels
directly receiving sewage from households. The high
population of coliforms and E. coli in the receiving
water provides more opportunity for resistance gene
exchanges between the same species/family of ARE of
the CAS effluent and the natural water bacteria [10].
Medium to high percentages of ARE in the CAS
samples in the 1st sampling were similar groups as of
the 2nd sampling data; NA, TC, ST, and CP showed
consistency of CAS bacterial loads/efficiency. The ARE
prevalence in the effluent and the receiving water was
plotted to find the least square correlation (Fig. 1). The
results show the high correlation of ARE prevalence
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of 6 antibiotics in the CAS effluent and that in the
receiving water (R*> = 0.81-0.96) along 1 to 4 km
downstream. The percentage of ARE of NA, ST, and
TC was high in the CAS effluent and tended to in-
crease with the canal distance. The ARE percentages
of those antibiotics increased to 30.0-66.7% at 3 to
4 km from the receiving point. When more antibiotics,
beta-lactam, KF and AMK were tested, the highest
percentage of ARE was KF resistance at 90% and 98%
ARE for the influent and effluent, respectively. KF
is the first generation of beta-lactams to which ARE
shows commonly high resistance in various sources
such as in patient specimens (71-88%) and leachate
from a solid waste carried truck (57-61%) [17,35].
Additionally, ARE of AMK in the samples from the
1st sampling shows high susceptibility (100%) in all
wastewater samples, but that from the 2nd sampling
shows intermediate susceptibility (23.3-36.7%) and
resistance (10.0-15.0%) of the E. coli strains (Table 5).
Increasing trends of antibiotic resistance prevalence of
many AMRs including AMK have been reported [3].
Resistance prevalence could be a result of the use of
antibiotics and the incidence of disease which varied
by season and year [36]. According to the reports
of NARST, increasing trends of AMK resistance of op-
portunistic AMR increase from 2000 to 2022 around
44.3% to 54.2% or ~0.5% per year [3]. Moreover, it
is seen that the AMK-ARE population increased 2 times
in the canal water (30%) relative to that in the effluent
(15%). Likewise, it has been reported that the propor-
tion of ARE was generally high in a WWTP effluent
and higher at 640 m downstream for trimethoprim
and sulfamethoxazole whereas tetracycline was fairly
constant across sites. It is mentioned that the resis-
tance changed quickly within a short distance from
640 m to 2000 m although chemical water properties
in effluent and the stream resembled [9]. Similarly,
the proportion of ampicillin- and tetracycline-resistant
coliform increased downstream up to 16 to 20 km
of WWTP effluent inputs [37]. In conclusion, ARE
generated from the CAS of Bangkok was the important
source of ARE dissemination in the receiving water.
As a result, ARE prevalence was highly enhanced and
more populous in the receiving water environment
with high coliforms and E. coli contamination.

CONCLUSION

The Bangkok sewage contained high percentages of
MRE (56%). The top 3 highest percentages of resis-
tance to antibiotics were NA (54%), ST (50%), and
TC (42%), respectively. The treatment plant, activated
sludge process, showed poor elimination of antibiotic-
resistant E. coli (ARE/MRE, <37%). Alteration of
antibiotic resistance of E. coli in the activated sludge
process was found. MRE population of 11-16 an-
tibiotic resistances remarkably increased in the dewa-
tered sludge. The Q-S-T (quinolones-sulfonamides-
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Fig. 1 Correlation of prevalence of ARE between the CAS effluent and the receiving water: (a) discharged point vs. 1 km
downstream; (b) 1 km vs. 2 km downstream; (c) 2 km vs. 3 km downstream; and (d) 3 km vs. 4 km downstream.

Table 5 Amount of enteric bacteria in sewage and treated sewage and their resistances to 6 groups of antibiotics.

Water sample Bacteria population Intermediate/resistance of E. coli isolate (%), n = 60-100 per sample

Total E. coli KF AMK TC CP NA ST

Coliform I R I R I R I R I R I R
Inf (1st sampling)®  7.2-7.5 6.1-7.0 nd nd 00 0.0 11.0 420 20.0 30.0 10.0 54.0 2.0 50.0
Eff (1st sampling)®  5.6-6.3 5.6-6.0 nd nd 00 0.0 3.0 37.0 12.0 25.0 7.0 440 3.0 51.0
Inf (2nd sampling)® 6.9x10° 7.0x10* 10.0 90.0 23.3 10.0 13.3 55.0 11.7 31.7 28.3 56.7 10.0 50.0
Eff (2nd sampling)® 6.8x10° 5.0x10> 1.7 98.3 36.7 15.0 16.7 43.3 283 15.0 33.3 56.7 26.7 41.7
1 km¢ 1.4x10* 8.0x10> 83 91.7 31.7 5.0 6.7 50.0 8.3 20.0 53.3 38.3 10.0 33.3
2 km® 1.5x10° 1.8x10* 83 91.7 21.7 30.0 1.7 55.0 16.7 21.7 45.0 46.7 10.0 43.3
3 km® 4.1x10° 5.0x10* 0.0 100.0 20.0 30.0 3.3 53.3 13.3 20.0 36.7 61.7 28.3 46.7
4 km® 2.5x10° 4.0x10* 11.7 88.3 51.7 11.7 1.7 66.7 20.0 26.7 31.7 56.7 83 55.0

2 unit is log MPN/100 ml; P unit is CFU/100 ml; © canal water at the distance downstream from the effluent
discharged point; TC, total coliform; I, intermediate; R, resistance; KE cephalothin; AMK, amikacin, TC, tetracycline;
CB Chloramphenicol; NA, nalidixic acid; ST, Sulfamethoxazole; and nd, not determined.
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tetracyclines) was the most phenotype resistance pat-
tern of MRE in the dewatered sludge while the Q-S
MRE was highly frequent in the effluent. There were
high correlations of antibiotic resistance prevalence to
the 6 selected antibiotics of E. coli strains in the dis-
charged effluent and those in receiving water along 1
to 4 km downstream. ARE generated from the CAS of
Bangkok was considered the cause of ARE dissemina-
tion in the receiving water. The ARE population was
abundantly found in the receiving water environment
with high coliforms and E. coli contamination.

Appendix A. Supplementary data

Supplementary data associated with this article can be
found at http://dx.doi.org/10.2306/scienceasial513-1874.
2024.069.
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Appendix A. Supplementary data

S1

Table S1 Resistance/intermediate/sensitivity to 20 antibiotics of the E. coli isolates from the CAS samples (the 1st sampling).

Antibiotic Percentage of E. coli isolate (n = 100 for each)
Group Name Abb® Dosage (11g) Resistance Intermediate Sensitivity
inf eff slu inf eff slu inf eff slu
Aminoglycoside Kanamycin KM 30 8 9 9 12 27 33 80 64 58
Gentamicin GM 10 7 5 15 0 0 0 93 95 &5
Tobramycin TOB 10 1 4 6 3 0 5 9 9% 89
Amikacin AMK 30 0 0 0 0 0 6 100 100 94
Avg? 40 45 75 3.8 68 11.0 92.3 88.8 81.5
Tetracycline Tetracycline TC 30 42 37 48 11 3 2 47 60 50
Doxycycline DOT 30 25 26 26 10 11 17 65 63 57
Minocycline MNO 30 11 8 7 9 5 18 80 87 75
Avg? 26.0 23.7 27.0 10.0 6.3 12.3 64.0 70.0 60.7
Chloramphenicol Chloramphenicol CP 30 30 25 20 20 12 5 50 63 75
Quinolone G¢-1 Nalidixic acid NA 30 54 44 39 10 7 4 36 49 57
Cinoxacin CIN 100 13 16 24 10 16 12 77 68 64
Avg? 33.5 30.0 31.5 10.0 11.5 8.0 56.5 58.5 60.5
G®-2 Norfloxacin NFX 10 10 5 20 5 3 2 8 92 78
Ofloxacin OFX 5 9 5 23 4 3 2 87 92 75
Enoxacin ENX 10 25 13 30 17 9 13 58 78 57
Ciprofloxacin CIP 5 12 6 23 23 12 10 65 82 67
Lomefloxacin LFX 10 32 23 33 24 27 22 44 50 45
Fleroxacin FLX 5 9 8 25 11 12 11 80 80 64
Avg? 16.2 10.0 25.7 14.0 11.0 10.0 69.8 79.0 64.3
G®-3 Levofloxacin IvX 5 6 7 22 4 2 3 9% 91 75
G®-4 Gatifloxacin GFLX 5 9 9 24 8 2 6 83 89 70
Sitafloxacin STFX 5 3 2 12 4 3 5 93 95 83
Avg? 6.0 6.0 193 53 23 4.7 88.7 91.7 76.0
Sulfonamide Sulfamethoxazole ST 23.75/ 50 51 51 2 3 0 48 46 49
(trimethoprim/trimoxazole) 1.25 50 51 51 2 3 0 48 46 49

2. average value of each group of antibiotics; P: abbreviation; ¢: generation; inf/eff/slu: influent/effluent/sludges samples.
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Fig. S1 Antibiotic resistance percentages of 100 E. Coli strains in influent, effluent, and sludge
Antibiotic classes: N Sulfonamides, £ Tetracyclines, ll Quinolones, Bl Chloramphenicol, and & Aminoglycosides.
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