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Abstract

The emergence and spread of antibiotic-resistant bac-
teria have been increasing with anthropogenic contami-
nation. Understanding the prevalence and distribution of
these resistant bacteria in environments is crucial for
effectively managing anthropogenic pollutants. Lake
Gyeongpo in the Gangwon Province of South Korea is
known for its diverse ecological features and human
interactions. The lake is exposed to pollutants from non-
point sources, including urban areas, agricultural practi-
ces, and recreational activities, which can introduce an-
tibiotics and foster antibiotic resistance in bacteria. The
present study investigates Lake Gyeongpo as a potential
reservoir for antibiotic-resistant bacteria in a natural eco-
system. A total of 203 bacterial isolates were collected
from six sampling locations in Lake Gyeongpo during
May, July, and November 2022. Most isolates were tax-
onomically identified as Pseudoalteromonas, Bacillus,
Shewanella, and Vibrio spp.; their abundance showed
a spatiotemporal distribution. An antibiotic susceptibility
test was conducted on 75 isolates using the disk diffus-
ion method with six drugs according to the CLSI guide-
line; 42 isolates were resistant to one or more antibio-
tics. Among these, 15 isolates were identified as multi-

* Corresponding author: Dukki Han
Phone: +82-33-640-1675; Fax: +82-33-640-2849;
E-mail: dukkihan@gwnu.ackr

169

drug resistant bacteria. This finding suggests the poten-
tial anthropogenic impact on Lake Gyeongpo and pro-
vides valuable insights into the dissemination of anti-
biotic resistance caused by anthropogenic pollutants.

Key words: Anthropogenic pollutants, Antibiotic resist-
ant bacteria, CLSI , East Sea, Lake Gyeongpo
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Fig. 1. Map of sampling stations in Lake Gyeongpo.
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Fig. 2. Distribution of environmental parameters in Lake Gyeongpo.
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Table 1. Number of bacterial isolates at phylum level
Location Month
Phylum (N=203) GP1 GP2 GP3 GP4 GP5 GP6 May Jul Nov
(N=36) (N=35) (N=34) (N=35) (N=35) (N=28) (N=59) (N=72) (N=72)
Proteobacteria (N=124) 15 23 22 24 22 18 42 24 58
Firmicutes (N=68) 20 10 11 8 10 8 48 12
Bacteroidetes (N=11) 1 2 0 5 0 9 0 2
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Fig. 3. (A) Spatial and (B) temporal distribution of bacterial isolates at genus level.
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Table 2. Recovery of bacterial isolates on Muller-Hinton agar

Phylum Genus Gram May (N=4) Jul (N=50) Nov (N=21) Sum (N=75)

Firmicutes Bacillus Positive 0 22 4 26
Firmicutes Priestia Positive 2 7 2 11
Firmicutes Rossellomorea Positive 1 5 0 6
Proteobacteria Vibrio Negative 0 3 1 4
Proteobacteria Psychrobacter Negative 0 0 4 4
Firmicutes Fictibacillus Positive 0 2 1 3
Firmicutes Metabacillus Positive 0 3 0 3
Proteobacteria Shewanella Negative 0 0 2 2
Firmicutes Peribacillus Positive 0 1 1 2
Proteobacteria Qipengyuania Negative 0 0 1 1
Proteobacteria Sulfitobacter Negative 1 0 0 1
Proteobacteria Acinetobacter Negative 0 1 0 1
Firmicutes Cytobacillus Positive 0 1 0 1
Proteobacteria Serratia Negative 0 1 0 1
Proteobacteria Cereibacter Negative 0 1 0 1
Firmicutes Pseudalkalibacillus Positive 0 1 0 1
Firmicutes Paenibacillus Positive 0 1 0 1
Proteobacteria Enterobacter Negative 0 1 0 1
Firmicutes Terribacillus Positive 0 0 1 1
Firmicutes Planococcus Positive 0 0 1 1
Proteobacteria Altericroceibacterium Negative 0 0 1 1
Firmicutes Calidifontibacillus Positive 0 0 1 1
Firmicutes Exiguobacterium Positive 0 0 1 1
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Table 3. Average of Inhibition zone diameter for six antibiotics against gram negative and positive bacteria

Size of inhibition zone (mm) for gram type

Antibiotics - — Pvalue
Negative Positive
CHL 26.03 22.04 0.12
TRI/SUL 22.98 27.07 0.05
AMX 24.41 24.79 0.89
STR 20.36 19.22 0.50
TET 23.03 21.94 0.57
ERY 21.69 23.55 0.44
Table 4. Number of antibiotic resistant bacteria
Month Location  CHL (N=13) TRI/SUL (N=15) AMX (N=31) SIR (N=18) TET (N=9) ERY (N=6)
GP1 0 0 0 0 0 0
GP2 0 0 1 0 0 0
May GP3 0 0 0 0 0 0
GP4 0 0 0 0 0 0
GP5 0 0 0 0 0 0
GP6 0 0 0 0 0 0
GP1 0 0 3 0 1 0
GP2 1 0 4 1 0 2
GP3 1 2 5 3 4 2
Jul
GP4 2 0 4 0 0 0
GP5 5 1 4 1 0 1
GP6 1 0 5 1 1 1
GP1 1 6 3 6 0 0
GP2 0 1 0 1 0 0
Nov GP3 1 2 2 2 2 0
GP4 1 1 0 1 0 0
GP5 0 2 0 2 1 0
GP6 0 0 0 0 0 0
Table 5. Occurence of multi-drug resistant bacteria
Month Location Phylum Genus Resistant to
GP5 Proteobacteria Vibrio CHL AMX STR
GP3 Proteobacteria Serratia AMX STR TET ERY
GP6 Proteobacteria Enterobacter AMX STR ERY
Jul GP3 Proteobacteria Cereibacter CHL AMX STR TET
GP2 Proteobacteria Acinetobacter CHL AMX STR
GP3 Firmicutes Bacillus TRI/SUL AMX TET ERY
GP5 Firmicutes Bacillus CHL TRI/SUL AMX  ERY
GP1 Firmicutes Priestia TRI/SUL AMX STR
GP1 Firmicutes Priestia TRI/SUL AMX STR
GP1 Firmicutes Peribacillus CHL TRI/SUL STR
Nov GP5 Firmicutes Exiguobacterium TRI/SUL STR TET
GP3 Firmicutes Calidifontibacillus TRI/SUL AMX STR TET
GP1 Firmicutes Bacillus TRI/SUL AMX STR
GP3 Firmicutes Bacillus CHL TRI/SUL  AMX STR TET

GP4 Firmicutes Bacillus CHL TRI/SUL STR
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