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Isolated from Inland Pollution Sources in the Drainage Basin of Iwon-
myeon (Taean-gun), South Korea
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Fecal contamination levels of discharge water from inland pollution sources were investigated in Iwon-myeon (Tae-
an-gun), South Korea. Gram-negative bacteria were isolated during the investigation and the antimicrobial resistance
patterns of the isolates were examined to estimate their impact on the coastal environment. The ranges of total coli-
form and fecal coliform of 12 samples from four major inland pollution sources were 79-490,000 MPN/100 mL and
2.0-490,000 MPN/100 mL, respectively, with the highest level of fecal contamination at Station No. 3. A total of 137
strains (14 genus) were isolated, of which 86 strains (62.8%) were Enterobacteriaceae. The identified isolates were as
follows: Pseudomonas spp. (35 strains), Klebsiella spp. (20 strains), Serratia spp. (20 strains), and Escherichia spp.
(19 strains). The isolated Gram-negative bacteria showed the highest antimicrobial resistance to ampicillin (81.8%),
followed by amoxicillin/clavulanic acid (64.2%), ceftiofur (61.3%), and cefoxitin (59.1%). Antimicrobials in which
less than 10% of isolates showed antimicrobial resistance were ciprofloxacin (3.6%) and gentamicin (2.2%). Resis-
tance to one or more antimicrobials was observed in 121 strains (88.3%) and 84 strains (61.3%) showed a tendency
for multiple antimicrobial resistance.

Keywords: Antimicrobial resistance, Gram-negative bacteria, Inland pollution source, Iwon-myeon (Taecan-gun),
Multiple antimicrobial resistance (MAR)

M B SHEAL TP Y, ZAs710] Hgs, 94 1 5k 5
o o, Al B oh et T el WU E F-5F

F| L A= Aol A AREE = A WS 7HR = aglol g o A §-E A ol A4k AME
Algto] AEE L 9lon 53] =34 o 2 HE WAL= oA 2 =574 o] A aF Eitell e GRS vl A 92171 ITHRippey,
W/d=to] ZA17F =L Aek(Chitanand et al., 2010). o]2{gt W 1994; Ha et al., 2013; Park et al., 2018; Roh et al., 2018; Kwon

dat TS| = Ao 2= MY W ARSAH R R HEE &
FAA 2 A WS THRL QI s w2
5ol AL, 7L Qfof| = thEF 75 & ES 52 kel o8 &
goll EAet= Wdwtol 2 o= {-9E 4= Yrh(Ikehata et
al., 2006; Knapp et al., 2010). SAF 2 AU FFo+= ojoFst

etal, 2019).

FRAIE Al A AR E 918l FREA] Hagh oforgolA|
RE A2 Q1 FA ARE- R 2 F-8-2 FAA At B eRAIY
Aot &8 0] = Yelo](WHO, 2014; Kwon et al., 2019), H
g Aol A 4L BET A9 AL FFuY
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o] A7} ¥hAEk 4= 91t} World Health Organization (WHO)
ol A= T8 Ao W& 71 65-9] B9 /dAl=t ESKAPE
(Enterococcus faecium, Staphylococcus aureus, Klebsiella
pneumoniae, Acinetobacter baumannii, Pseudomonas aerugi-
nosa 2 Enterobacter species)ol| that A 22 3287 2] 7jdto]
Algslthal Bt WHO, 2017; Oliveira et al., 2020). T
Sk g=-o] AAITARS] Jim O'Neill& YA iAol tist 2
A3t 2 npskA] =tk 2050 ol WA o= QIst
APGALZE TATE 71A] s A 0 2 o 5519 th(Vindenes et
al., 2016; Kim et al., 2019).

A XA = A W+ D HHAWEHS] S o= QIgh
EA7FeAskaL Qlow, 11 % 1354 Enterobacteriaceae’=
B-lactamaseS AYAddlo] carbapenemi} 22 B-lactam#| & 2]
A W= 71 o= SAtk(Paterson, 2006). ERF 5ol A]
T4 A WAl A Q12K (plasmid, transposon X! inte-
gron)= 2R ol A 77 AEo| 7He Rt RS dqtoll Kol
o] A 22 sl o] YA W dwto] W E 4= AtH(Moura et
al., 2012; Kotlarska et al., 2015; Park et al., 2018).

A7) 5499 2ol Tk 2l el e] g b T4
] o] £FO LK(Shim et al., 2012; Ha et al., 2013; Shin et al.,
2018) = S/ Gl A 2 A WAt 2 oAl A
2] EA0] High 9191 E. coli®} Z-2 T Alto] 55 o]
Qloj(Park et al., 2013; Kwon et al., 2016; Kwon et al., 2019)
choket ol ek S WA B4 AT B AR,

Bl ot o] 392 Afsidtoll A A%F 200 ton o] 9] s
7F A= Aol A4, 917} R SAbET oA v E = w4
E AT 5 = AEg Alo] glo] S Aol sfeler
A4 7l 7FsAd ol Sitt. oo whet 2 ol A = EQhE ©]
A ool A% =8 Yo Hds e r EHe
s B7FHAAL, S Yo v e toltt 103+
eote] Al WA S48 SRITHe =M A id+t ¢
79| 7|2At = 2 Alskaat sheith

Mz W U
ZARIE & Az ®HF

SAHE o o™ i ol AR SAFedd =
5o RO QRS Totshy, wiESRE ReE 1%eA
2O A L A WA SAE 24 Slste] nheR
we ooz wEEol sl silel AYH G2
u]d 4 908 A0 sebEls 2AF A 4744S A
(Fig. 1). 3 Al71= Alateta L d=7t 571 4= Q= sHa 7]
%0} 33](2020.6.17, 2020.7.6, 2020.8.19)°] A Z 127) A
22 AHsheon], Y 7% 304 24 TAE 0001
mmo| il 7] -2 21.6-26.5°Co| Tt Al R | LE Faf A4
H(New international science corporation, Namyangju, Korea)
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Fig. 1. Sampling stations of major inland pollution sources (®) in
the Iwon-myeon (Taean-gun), South Korea.
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SRR SIS Setelr] SI thg W B
Ath A+ AL laboratory procedures for the examination
of sea water and shellfish (APHA, 1984) Bl of ul2} Ag s}
At A E o+ lauryl sulfate broth (Oxoid, Basingstoke,
UK)E AH§-3le] 350.5°Coll ] 2448+ 2412k st ot 4t
7} 7haE AAEHE T A0 Slol BNl A8l
t}. @A Al of+= brilliant green bile lactose broth 2% (Oxoid,
Basingstoke, UK)2} EC broth (Oxoid, Basingstoke, UK)E- A}
gatglom 747k 35+0.5°Col| A 24-48 + 24|17k, 44.5+0.2°C
ofl A 242417+ 53k eFaloict. AgATHE 7+ Slek
2 5709 A ETS ARESE g (most probable number,
MPN)© & AF&3}o] MPN/100 mL O &2 3%7]3}% T}
azleNEe 22 U X

It Eele e ARolA e r EelE
lauryl sulfate broth B} EMB agar (Merck, Darmstadt,
Germany) HjZ]of] =sto] T colonyE <=4~ w]5}3iTh
Tryptone soya agar (Oxoid, Basingstoke, Hampshire, UK)
o #e] ¥ #E Alhuidste] 3 mL 0.45% NaCl -§o] 0.5
McFarland”} = =% & E}3t & VITEK2 system (BioMerieux,
Marcy, France) 2 & 57 taL gH8A| W/d Al ofl AR&-53ict
S LA Al

S Yoz e BejE I A WA Al
2 =7} YA AR 2 YA RUEFH(MFDS, 2019)2] W



of w2} KRNVS5F panel (Sensititre, East Grinstead, UK)E A}
£310] A YA 5= (minimum inhibitory concentrations,
MICs) 2.2 A 5k3ith. Panelof= 1659 4417 a2 d =
] o] Qlom A i thaah oAl = 1 9,
ug/mL): amoxicillin/clavulanic acid (AmC; 2/1-32/16), ampi-
cillin (AMP; 2-64), cefepime (FEP; 0.25-16), cefoxitin (FOX;
1-32), ceftazidime (CAZ; 1-16), ceftiofur (XNL; 0.5-8), chlor-
amphenicol (CHL; 2-64), ciprofloxacin (CIP; 0.12-16), colis-
tin (CL; 2-6), gentamicin (GEN; 1-64), meropenem (MEM;
0.25-4), nalidixic acid (NAL; 2-128), streptomycin (STR; 16-
128), sulfisoxazole (FIS; 16-256), tetracycline (TET; 2-128),
trimethoprim/sulfamethoxazole (SXT; 0.12/2.38-4/76). Tryp-
tone soya agarol| A ¥Rt 7} w25 3 mL Hat 5ol dE
3}0] 0.5 McFarland=2 2%+ - cation adjusted muller hinton
broth (Sensititre, Lenexa, KS, USA) 11 mLe|| 10 uL¥ H%
slo] w43} 814t Cation adjusted muller hinton brothef|
Z5 oS KRNVSF panel®] 7} wellubct 50 uLA 5ol
E310] 35+0.5°Cof|A] 18-24A|7H50F uljoFst & Optiread
(Sensititre, East Grinstead, UK)Z Z7%35}9111 Ayv}o] #A-L
Clinical and Laboratory Standards Institute (CLSI, 2017)<
AR sl LT SIS slekst] 91t
¢] MAR (multiple antimicrobial resistance) index& AR5}
o1, MAR index+= Al ol AHEH & %“”Xﬂ Zhg=oll chet
e R A9 Fi4e] Hlee Akkste] Uer ol
(Titilawo et al., 2015; Govender et al., 2021).

Q4RO M B}

A sl YRS AT AN e EHe
HEE ofslr| f15ke] 20201 69FE 8Y7HA] o] A=A
(St 1), SEZ3HA(St 2), AHSR(SE 3), FAFZ B84
(St4) QI S/ AY 4x]d o 2 HE F 1272 AR E A3
sto] oAt W ERAN TS A s on, A A1 HH
AT Fig. 20f Yeti it 2AF A3 ootk 2 A
) A#2] Wl zkz} St 19)4] 79-240 MPN/100 mL 2 2.0-
13 MPN/100 mL, St 2¢]14] 1,300-3,300 MPN/100 mL 2 49-
79 MPN/100 mL, St 3¢]|4] 330,000-490,000 MPN/100 mL
2l 170,000-490,000 MPN/100 mL, St 4]4] 4,000-14,000
MPN/100 mL % 3,400-11,000 MPN/100 mLo| ¢, th7h
W 7 7P A AEE AR AR Il f1A|gE St
322 490,000 MPN/100 mLS- LER 1L St 4, St 2, St 1 <=
O 2 =0kt Bt B AN At St 3 (AHgsR) A el
] 490,000 MPN/100 mL 2.2 714 =7 A& =913 St4, St2,
St 1520 & o} oAttt FUgh A Bk

gt W EAA ] @ A= 7P =2 St 39t St 4
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Fig. 2. Level of total coliform and fecal coliform of major inland
pollution sources in the Iwon-myeon (Taean-gun), South Korea.
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A o2 e B 0 Aw 5 YEPl AL ti At 2ol
Blel] B A =7 o WA HEE Al o] et Aat

ol& X H 2| 2 PGB = o] 98t 0 JRIt= B, 4]
5] Apg oA gk Aol thitRg AR5 2o
sehE T Ha et al. (2013)2 Haljo A4 &)< o] 2] okt
‘J | 2T S4e A W&o Alatstd 9% B7H 4

Ho| FA R o] Fol A QL A Ql7k A2 A% 9] 5h

W = AN 27F okl ukeE BEste] 32 5t
Mo M BRIANG T 27t w=ohe 23 Ueblolct E5t
Shin et al. (2018)2] Wajot Ak uj4=g-of] SJx|at 2AFS.
A viEso] ERANST L AEE AR AatolAE <l
T7h A Qoo e B dES b uhd, Al
20 & QIF7} il 5A] FRlo| AT SAF LAY HHA
bt = WA AEE T Baste] 2 ArATkel GAb
3l A3k Wit

S AU EHeAEE e E 240 wha} QI 8
ool m|2= 7 Db 5 vk AFATT) Qo
(Haetal., 2013), Q< o] ™ al{ S 2] 79 3pd7] o= 2
A Al EHOAET 22 S Ad MiEsT sl o g &
A= 7hsAdol ol A&A] w7t B as Ao ' At )
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Fig. 3. Number of total Gram-negative bacteria isolated from inland
pollution sources in the Iwon-myeon (Taean-gun), South Korea.

genus: Klebsiella spp., Serratia spp., Escherichia spp., Provi-
dencia spp., Morganella spp., Proteus spp., Citrobacter spp.,
Kluyvera spp., Enterobacter spp.)”} Enterobacteriaceae®l <
SF AL, 71EF 519+5(5 genus: Pseudomonas spp., Aeromonas
spp., Alcaligenes spp., Pantoea spp., Burkholderia spp.)= &
2] = ]l

Bl 5 7P w2 v1&2 HE 9 Pseudomonas spp. (35
W) T2 S Egolu & 5 Adg ol 9] REsh=
At &2, T B A/ o] A|at U P aeruginosa®t 22 <t
T2 AA Hd, 9 5o S e Ao R g
2] Ath(Wiehlmann et al., 2007; Hesse et al., 2018; Oliveira et
al., 2020). 2 AFollAl= o] v o= 22w 3l
Ot YR A|BA= P aeruginosa (8vHF) = #-2] =] Slct. 1
thEo2 Wol {28 Klebsiella spp. (20xt7 )= A iAlat
of &atm Ap¢dof o] EAsH= Alet 22 K. pneumoniae %
K. oxytoca®} o] AlgtolAl 574 HE 4 835 4o 4
Q= WY a2 32§51l Qltk(Zhong et al., 2013; Jung et
al., 2016; Latifpour et al., 2016). & Fo| A= BE A571
A4S Yell+= K. pneumoniae ¥ K. oxytoca® = £-2] %}
t}. Serratia spp. (20+5%) GA] Aol d 2] EAsh= FUAlt
O 7 TA = v UG At o2 AR U F o= 257
a9, LR, 8 5o HaES YRl o® o AL 9]
t}H(Buffut-Bataillon et al., 2009; Mahlen, 2011). & Lo A=
DE d7F A Mt 2 A% S, marcescensO 2 F-2
= ict. Escherichia spp. (19v5°)%] 7-¢- W24 %1 Al
o7 B O] A3 Algto] il -2 v /S e
ARk, E. coli O157:H7} o] 54 k& 7H Z-f-oll= B4
A4 vehdithar & A 9l v (Kaper et al., 2004), 2 ¢52o]]
A& BUAE 7H= E. coli= HE=A] 234t

Jang et al. (2015)2 =y spoA Eeld I833447 &
Ao A Enterobacteriaceac (41.0%)% Pseudomonada-

(]

Lo

ceae (30.0%)7}F &&= ek Baskgl=d], o= 2 A5t
A E2)% Enterobacteriaceae (62.8%) L Pseudomonada-
ceae (25.5%)%} A 43S H itk WhHA| Belachew et
al. (2018)> Ethiopia T=A| P o)A Ea|gt 283449 &
A Aol A Klebsiella spp. (39.0%)7} 74 Wo] Ea]w] g1,
E. coli (26.0%), C. freundii (11.0%)2:0.2 Be]s|lck 1
138} o, Lee et al. (2006)2> 31°87] A 251400 A]
Bt o)t A A7} Enterobacter spp. (65.0%)7} -
AFo 2 Be|E 1oL, Klebsiella spp. (13.0%) Y Serratia spp.
(10.0%)=C. 2 F2|H Qlekal Harsto] i Aoh= 4ol gt 2
5 UER Sl o] 9 Zo] £ H= Alat/de] Aol & Kol
olfr= FeHH FFRAS, S, w98 5), +H
278, A3 A7), Y] Fke 7] g 2 ke ch

Bkt o] I St e Al o] A1 = e genusE Fig. 4
off tretsiet. St 1 (o] z=A)ell A= & 39++(10 genus)
7} 22| = 31 Pseudomonas spp.7} 107-55(25.6%) 2 714 &
Qrem Klebsiella spp. 8w5+(20.5%), Providencia spp. 6w+
Z(15.4%), Escherichia spp. 5w(12.8%)=0.2 Ha|= 9]
o} St 2 (FE8 )0l A= 2856 genus)7t 2] E GO,
Klebsiella spp.7} 8w-5(28.6%)% 714 Wkl Pseudomonas
spp. 71-5(25.0%), Serratia spp. 7d5(25.0%) 0.2 Hajg]
Atk St 3 (AHsal )l A= F 28+F(7 genus)7t 22 =%
1! 71 % Pseudomonas spp.7} 8w5(28.6%)= 7173 @3kom
Escherichia spp. T155(25.0%) 2 Serratia spp. 53(17.9%)
o2 gol EHEIh St 4 (FAFE seEA)olA=
427F(11 genus)7} E2]E 2™ Pseudomonas spp.7} 10
T5(23.8%) 2 74 Wol e |13l Escherichia spp. 6w
(14.3%), Serratia spp. 63+5=(14.3%), Kliebsiella spp. 4+t
(9.5%), Morganella spp. 44+5(9.5%)7} &) = it}

Biokt o] ¥ vl o] S A viEollA Eett
23R o) BRI AR ATk 13785 8635
(62.8%)7} Enterobacteriaceael 2 2] = o] $--ES 245}
= Ao2 RIS E3F HF A AlatdollA tha 2t
o2 Urehf gt St 3 (A8 #) A Mol Al Escherichia spp.
2] vjgo] AiE ez A HEEHU ol= St 34 9] 7
I EHA Aol Y|l qlom, Qltel s8] ]3] 3]
lof Y7 o] EQlo] gromg FHO ALY} wole How
etk 55 S4AY A5 AlRA P aeruginosa, K.
pneumoniae, S. marcescens's 2 -2 WA Alatol AEE 1L
9lof QI aelolx] AAFEl SabbEe] SIAAE o] 3RS
w2 e} Qlom Ak Has BeerS vlelalor 8 A

OS2 AlmHL)

SYHEC2RE FalE STl A WY
EM

— O

Bh oled® SR SAeAY vigrRRE 22 1
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Fig. 4. Rate of Gram-negative bacteria isolated from inland pollution sources in the Iwon-myeon (Taean-gun), South Korea by sampling

point.

TSt 1373050 A W 54 A7) fl5ke] 13
N AL 1650] Al thgt A Alde AAlskaier, 2
H= Table 1of Uetgleh 228 2328+ diiito] 14
oo YAl WS vehl $l=tl, 2L % aminopenicillin
A4 2] ampicillin (81.8%)°14 71 &2 /&2 HERH L
a1, amoxicillin/clavulanic acid (64.2%), ceftiofur (61.3%),
cefoxitin (59.1%)z=2. 2 =7 et E3F colistin (51.1%),
meropenem (43.8%), chloramphenicol (37.2%), cefepime
(34.3%), tetracycline (34.3%) SolA = =& WAES YE
o, 10%0He] WAES vebd 384l ciprofloxacin
(3.6%), gentamicin (2.2%)°] i t}.

Ampicillin- 19605 43-§-3t=]o] WHO Z4=2]ok%

EE5o A=Y = Al AH A BAZ(WHO, 2019), &
A7HA E3EE of g A5 5-5to] ampicillin®] &2 W/l
HuEa 9l om 53] thefgt -3H7 0 R K e E e gt At
2 ampicillinof| 4] 50.0-98.4%% =2 WAES YeERY it
X 11 5] 0(Silva et al., 2006; Chitanand et al., 2010; Okai et al.,
2019; Adinortey et al., 2020; Zagui et al., 2020) = A2} &
ALeE 78S e Rl

Bt o] S A viErE R E 2ot EAd
= F 14 genus7h 22| = Qlom, 7P Wol 2] ¥ IS4
4 genus th3k YA WS- Table 20 e Sith. 71 =
S Hl& 8 B89 Pseudomonas spp. (350F)& HE w50
Al 17 o]/de] gAA of thet WA LERH e, cefoxitin

ISV
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o,

(100%), ampicillin (97.1%), ceftiofur (94.3%), amoxicillin/
clavulanic acid (91.4%), chloramphenicol (91.4%) <=0 2
2 WAES UEtSle gk 71 22 WA ES YhEkd 3
A= gentamicin (5.7%)3} ceftazidime (5.7%)°] AT} 2]=+2]
ShpAI A A i, 34 B 58 0. 2 e 2] Pscudo-
monas spp.2] A W/dell gt of 7 A2 2K (Odjadjare et
al., 2012; Devarajan et al., 2017; Govender et al., 202 1)°]| 4] =
ampicillinol] that WAEo] 81.0-93.0%= HilF Hl glo] &

Table 1. Antimicrobial resistance of Gram-negative bacteria isolat-
ed from inland pollution sources in the Iwon-myeon (Taean-gun),
South Korea

No. of isolates (%) (n=137)
Resistant Intermediate Susceptible

Antimicrobial agents

Aminoglycosides

Gentamicin 3(2.2) 1(0.7) 133 (97.1)
Streptomycin ...37(27.0) 0(00) 100 (73.0)
Aminopenicillin
JAmpiilin .M2(818)  429)  21(153)
B-lactam/B-lactamase inhibitor combinations

,aA(r;?;xicillin/clavulanic 88 (64.2) 6 (4.4) 43 (31.4)
Cephamycin
Cefoxiin _..B1(591) 6(44)  50(365)
Cephalosporin lll

Ceftiofur 84 (61.3) 5 (3.6) 48 (35.0
Ceftazidime ~~ 30(219) 9(66)  98(715)
Cephalosporin IV
Cefepime .....A7(B43) 13(95)  77(56.2)
Carbapenem
Meropenem  ..60(438) 14(102) 63 (46.0)
Fluoroquinolone
_Ciprofloxacin _ 5(36)  8(58) 124 (30.5)
Folate pathway inhibitors

lﬂgﬁ;ﬁg&g’( o 22(164)  0(00) 115 (839)
_Suffisoxazole 30(219)  0(0.0) 107 (78.1)
Phenicols
.Chloramphenicol ~ 51(37.2) 37(27.0) 49 (358)
Polymyxins
Colistin ... 700611 0(00) 67489
Quinolone
Naelidixicacid ~~ 20(146)  0(00) 117 (854)
Tetracyclines

Tetracycline 47 (34.3) 10 (7.3) 80 (58.4)

I

54 - 924

QAT AR TS e ek,

Klebsiella spp. (201+5)2] -9 ampicillino]] 100%2] WA
E2 B3 sulfisoxazole (35.0%), colistin (20.0%), ceftiofur
(10.0%) &08 =2 YAES 2o} vhHol| gentamicin,
streptomycin, cefoxitin, ceftazidime, cefepime, meropenem,
ciprofloxacin, trimethoprim/sulphamethoxazole, chloramphen-
icol, nalidixic acide]| | A= 2= Al e Qi) o) @F
2-& Aak= 20194 Tokyo2] Tama7) 810l A £-2] % Klebsi-
ella spp.= ampicillinef] 100%2] WA UEFH 1L, gentami-
cin, ceftazidime, meropenem, chloramphenicol | 4| 25 7=
A& Urep Qloka B ek ufeh o 2|5k chOkai et al., 2019).
ESHAdinortey et al. (2020)+= o] 740 2 HE E2|H K.
pneumoniae 2 K. oxytoca®l| <] ampicillintjdE©] 100%=
yelgon, BeH E K pneumoniae’} gentamicinof] 7=
A Uehiiglohn marste] = - stel X3,

Serratia spp. (204-5)°| 4]+ ampicillin, amoxicillin/clavu-
lanic acid, ceftiofur, colistin®]] tfa}o] 100%2] WAS YEY
%13l 1 9 cefepime (95.0%), meropenem (95.0%), cefoxitin
(85.0%), tetracycline (75.0%)°]l th3ll A= =2 WAES el
W &let. B gentamicin, ciprofloxacin, trimethoprim/sulpha-
methoxazole, nalidixic acidol| A+ 25 A4S e AT
Serratia spp.©] YA W78 A= F2 AollA o] FoiF e
W, 27 0 SAh0 ol A Belsl Wtel Beisl ATl 3
3] A2 7o wolw| it Adinortey et al. (2020)= o] FoF
Ao m R e 158529 S. marcescenss ] sto] YA WA
L A E A3}, ampicillin, chloramphenicol, tetracyclineo] A]
100%4] U&= 2320, gentamicinol| 7 ZHpAd2 HATh
1w mslel 2 ook ol gk 49 o,

Escherichia spp. (19v5%)2 ampicillin (15.8%) % colis-
tin (15.8%)A 7F =2 WAES E I streptomycin,
amoxicillin/clavulanic acid, cefoxitin, ceftiofur, ceftazidime,
cefepime, meropenem, sulfisoxazole, tetracyclineof| A+ X5+
10.5%2] WAES H ¥ 2™, gentamicin, ciprofloxacin, trim-
ethoprim/sulphamethoxazole, chloramphenicol, nalidixic acid
ol A= /dS UEb AT EA7EA] g A%t S A
of|A] 2|5 E. coli®] A W S0 wet S+ vk 7l
Y] o] £k (Kwon et al., 2016; Kwon et al., 2018; Park et
al., 2018; Kwon et al., 2019), 2016-2019d¢] Fajete] shak
AATE, AR ARS8 o9 S oA e
% E. coli=ampicillin®]| 4] 3.2-16.9%2] W& LI St
10 a0 2 Q1o Aak ZakE el o). wa slok 2
& AFolHE A oitet FAA) hAES) 2ol7) thas vehd
=l o= S/ A Y TRl AR ALY, Q7Y S4bs
7F B FAT S)olA ARSE YA 9] Fioll whek Eebd
RO, AA 7] &} ZF-Fol| tiet ke WS 4= QS Ao
2 AR
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w3 137555(14 genus) 5 7P W w57k 2] 4 genus
(Pseudomonas spp., Klebsiella spp., Serratia spp., Escherichia
spp.) 94at=ofl thet A 4 5/ eRlgt A, o 7o
ol A 22 ampicillin g WERH 1AL, W2 WA ==
T8 Hol&= A= gentamicin®] %I T}, Pseudomonas spp.
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224441 (10 genus: Aeromonas spp., Providencia spp., Mor-
ganella spp., Proteus spp., Alcaligenes spp., Citrobacter spp.,
Kluyvera spp., Pantoea spp., Burkholderia spp., Enterobacter
spp.=> A WA E-300 digt F=7H4Ql A=rt Had Zle

5 1Btk 8HH Escherichia spp.2 7]E} genus©] B]5}o] Abth
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Table 2. Antimicrobial resistance of four major Gram-negative bacteria isolated from inland pollution sources in the Iwon-myeon (Taean-

gun), South Korea

Number of resistance isolates (%)

Antimicrobial agents Pseudomonas spp.  Klebsiella spp. Serratia spp. Escherichia spp.
(n=35) (n=20) (n=20) (n=19)

Aminoglycosides

Gentamicin 2(5.7) (0.0 0 (0.0) 0 (0.0)

Streptomycin 1@ 0.0 . 3(15.0) 2(105)
Aminopenicillin

Ampicilfin 34 (971) (100.0) 20 (100.0) 3(158) .
B-lactam/B-lactamase inhibitor combinations

Amoxicilin/clavulanicacd 32(914) (5.0) 20 (100.0) 2(105) .
Cephamycin

Cefoxitn 35(100.0) (0.0) 17 (85.0) 2(105)
Cephalosporin [lI

Ceftiofur 33 (94.3) (10.0) 20 (100.0) 2 (10.5)

Ceftazidime 267) (0.0) 10 (50.0) 2(105),
Cephalosporin IV

Cefepime 5(143) (0.0) 19 (95.0) 2(105)
Carbapenem

Meropenem 22(629) (0.0) 19 (95.0) 2(105)
Fluoroquinolone

Ciprofloxacin 5(143) (0.0) 0(0.0) 000
Folate pathway inhibitors

Trimethoprim/sulphamethoxazole 17 (48.6) (0.0) 0 (0.0) 0 (0.0)

Suffisoxazole 10(286) (35.0) 2 (10.0) 2 (10.5)
Phenicols

Chloramphenicol 32(914) (0.0) 9 (10.0) 0000) .
Polymyxins

Colistn 16 (457) (20.0) 20 (100.0) 3(158)
Quinolone

Nalidixicacid 18@7Y) (0.0) 0(0.0) 000) ..
Tetracyclines

Tetracycline 7 (20.0) (5.0) 15 (75.0) 2 (10.5)
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Table 3. Antimicrobial resistance patterns of Gram-negative bacteria with MAR index isolated from inland pollution sources in the Iwon-
myeon (Taean-gun), South Korea

No. of antimicrobials Resistance patterns No. of isolates Total (%) MAR index

L M6 MT 000
AMP 10 7.3

1 CL 1 0.7 0.06

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ FOX L 0T
AmC/AMP 2 1.5
AmC/FOX 1 0.7
AMP/CL 5 3.6
AMP/FIS 4 29

2 AMP/TET 1 0.7 0.13
AMP/XNL 2 1.5
CHL/STR 1 0.7
CL/TET 1 0.7

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ STRITET L 0T
AmC/AMP/MEM 1 0.7
AmC/FOX/STR 2 1.5

3 AMP/CL/FIS 1 0.7 0.19
AMP/XNL/FIS 2 1.5

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ CLISTRITET e A
AmC/AMP/FOX/XNL 2 1.5

4 AmC/AMP/MEM/STR 1 0.7 0.5
AmC/AMP/XNL/MEM 1 0.7

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ AMP/FOX/XNLICHL e 0T

5 AmC/AMP/FOX/XNL/CHL 3 22 0.31

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ AMC/AMP/FOX/XNLIMEM L2 A5
AmC/AMP/FEP/FOX/CLITET 1 0 7
AmC/AMP/FOX/CL/STR/FIS 1 0.7
AmC/AMP/FOX/XNL/CHL/CL 1 0.7

® AmMC/AMP/FOX/XNL/CHL/MEM 4 2.9 0-38
AmC/AMP/FOX/XNL/CL/TET 1 0.7

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ AMPIFOX/CHLICIP/CLISXT 1 A
AmC/AMP/FEP/FOX/XNL/CL/MEM 1 0.7

7 AmC/AMP/FOX/XNL/CHL/CL/MEM 5 3.6 0.44

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ AMC/AMP/FOX/XNLICHLINALISXT AL 29

<8 55 40 1

Total 137 100.0

AmC, amoxicillin/clavulanic acid; AMP, ampicillin; FEP, cefepime; FOX, cefoxitin; XNL, ceftiofur; CHL, chloramphenicol; CL, ciproflox-
acin; CIP, colistin; MEM, meropenem; NAL, nalidixic acid; STR, streptomycin; FIS, sulfisoxazole; TET, tetracycline; SXT, trimethoprim/
sulfamethoxazole.
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71¢] A A (amoxicillin/clavulanic acid, ampicillin, cefoxitin,
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OF YA WAt 32 2] AFRHAIE whetstr] flsiAl= Al
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L 1095 o] 218 4 genust] U4 S5 AAshe At
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