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Antimicrobial Agent and Chlorine Susceptibility of E. coli Group
Isolated from Natural Drinking Water in Northern Gyeongbuk Area
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Abstract

We examined 165 unchlorinated natural drinking water samples for the presence
of E. coli group resistant to antimicrobial agent and chlorine in nothern Gyeongbuk
area in 2007. Among 165 water samples, 21 samples( 12.7%) were positive to
total coliforms and Six genus, 16 strains of E. coli groups isolated from 16
samples showed resistance against more than one antimicrobial agent such as
Ampicillin, Tetracycline and Chloroamphenicol. Among 16 strains, 14 strains
resistant to Ampicillin, 9 strains resistant to Tetracycline and one strain resistant
to Chloroampenicol. but all 16 strains did not contain any integron gene cassettes,
which contribute to the spread of antimicrobial resistance alleles by lateral gene
transfer of gene cassettes in a variety of enteric bacteria. The minimal inhibitory
concentration(MIC) of 14 strains which showed resistant to Ampicillin was between
12pg/mé and 32pg/mé, Nine strains resistant to Tetracycline showed between 32ug/mé
and 128pg/ml and one strain resistant to Chloroampenicol showed 128ug/mé. The
chlorine sensitivity of 16 strains isolated from unchlorinated natural water sample
didnot show any difference among strains by the concentration of initial free
chlorine and elapsed time after chlorine treatment. All 16 strains were killed after
lhr. exposure at 0.2mg/m¢ of free chlorine per liter or 30minutes exposure at 0.4mg

/m¢ of free chlorine per liter.

Key words : Natural drinking water, £ coli group, Antimicrobial agent and chlorine susceptibility
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BGLBHI Aol A 7p2=mbAio] &l Al
o] wjeFN  10mE  FHstel, Ampicillin,
Chloroamphenicol, Gentamicin, Streptomycin,
Tetracycline, Trimethoprim/Sulfamethoxazole
So] A7 HAAHs ez H7kE 20ml
Fol A ARFIR] 36T, 24417
Araiich. Tkl AstelE = Alwo
HjoFel  10uS  Hsh 219] EMB(Difco,
USA) wfj=]oll grdste] &

o, EMBAA o4 %gﬁi

Astel mAGPA o 2 A5ho]
A Beleon,
20E(Biomerieux, USA
o woz 3t

5 A WAAE

taasibs olgaklal, Al Hx
A+ BBL[Becton Dickinson Microbiology
systems, Cockeysville, Md.)AF] Ampicillin (AM
10ng), Chloroanphenicol(C, 30ug), Gentarricin (GM,,
10ug), Streptomycin(S, 10ug), Tetracycline(TE,
30ug)
(SXT, 1.25/23.73ng)
i A2 Committee
Clinical Laboratory Standards (NCCLS) 7]
Z=7 @ Azl AA) o] whgky,

2 Trimethoprim/Sulfamethoxazole
TS ARESIITE A

=

w National
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=

=
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MA AAPHiquid assay method)<
AL Balg #S 7HzF 10mee] Tryptic soy
broth (Difco, USA)ell ZE3ste] 35T, 204
Zb wiFskelct. widE w9S 5000rpm, 4C,
1023 aldlste] Htdh &, 4T 2a
Hit QAR N(50mM, pH7.0)22 2
AlFatal, 593k gzl #AE dEst
o] 580nmel] S3%(OD, optical density) 10m¢<]
4T ‘ﬂi‘ 50mM 14k 2FER(50mM,
pH7.0)ell &3¢t 5 7PiA W&sisitt o=
3 It & A= 9F 2.0 X 105~3.0
X 105 cfu= YERth Axd 7 o FE
&t 20meet Ad AHA 4T "He 50mM
AL4E=AG0mM, pH7.00o.2 #A|ZzH A}
A2} E H(sodium  hypochlorite)&oie
HE5EEE Omg/t, 0.2mg/0, 0.4mg/l, 0.6mg/l,
1.0mg/¢, 2.0mg/t, 4.0mg/t7} ¥%=5 FAsI]
7HRA Ejtetaitt o] NS 20TolA W
2sPAA 0%, 10+, 30, 1AIZF 2A17F 5
AIZE, TAIZY, 10A17E wiel 7h

A

P

So it

o rle

s

}‘

o
N o2

)

Oﬂ/\lc.xztg =

o —

s 1mRS Fska, 20T B 0.03
% B ELIEMIEF 10uE 7lste] 71
A 23k EFs 202 YA F o
WAES AAbEeR AES 7 #Ee @5
g SA9R, A 25 A5 28 wEa
5 5 Hgke AEsel

m. 29t ¥ 0z

1 itAld, ST, B9 daT 2
FEARET A

i

oEE

J. of ESE, Vol. 23, No. 2, 2008



\,
o
rt
U]
4
(=]
A
10
IS
fuul
HL
Jz
My
I
Pl
pal
M
(=]
0
e
LA
-
02
O
0x
i
Qﬂ
o

Arr=A7} AZEA Fo mpSakR T(fecal coliforms)Fd Alm 2 AU
16571 ez &A% ArkHT(total gdtte] HE Als Y Ay Figo 13
colony counts) 100cfu/mie]d A&, F 2}

T (total coliforms) YA AR, =LA

160
140
41 20
100

se1e|0sl JO
(o))
o

N
o

AR

N
o O

No. of samples Total colony Total coliforms Fecal coliforms Antimicrobial agent

counts(100<) resistant coliforms
ltem

Fig 1. Detection rates of total coliforms, fecal coliforms, total colony count(100<) and
antimicrobial agent resistant coliforms isolated from 165 unchlorinated drinking

water samples in northern Gyeongbuk area.

THAdT AEATFE 2170% W] ddAWdE] M- Eee
13%(21/165)¢] HEES Weha, &4 @ty 2ot HEES

gge] A9 97ow 55%(9/165)° A% A 9] we Aeu Solde vrhhA
9 G SUdEE 9% AR 217 @t 9 Sudwe 2280 Ui 7
F AMAEE 100cfu oVme DE7F 117 AR B uAe] ool @ Alge] JRL
o yepdth AR 1657 % 16719 A= 1-1L 7 NEE B, pHel Asbshe il

MM FAA] gk Wdate] HEH], F & o= Yepth(=t= 1] AA).
A=A ] 9.7%(16/165)2 AEEFS U

ittt T HAE AR 21d T 2 AW S

16719 AlgolA  dtAldte]l HEH O

76%(16/21)° =& HEES HERIH 9 L FANE Y] 7 #
o} Zo] ¥ Aol HEE ANE F FY ¥ Table 13 Zth ¥ 63(genus), 11%
o] AEEO] 13%= =4 et A& n} (species) EAEAY}. Citrobacterds 2% 2
LA FoA] PhAkEo] HA RS AEE . Enterobacterds 2% 25, Klebsiella®s 2
Adste] Agsialr] wiel, 402 FE e & A%, Serratia®; 3% 5% [Escherichae
0FH FUAAT o] LPE] A coli 27, Hafania alvei 177} 2|5 dth

2137} =97 wEoz Azt =R (Table 2). ol &gl WA 165+ 5 14
T HE ARIAAM A WdHE HEEC] T7F 5E5H 9¥Fdd wEHA, 10€e) 1
76%= =A YEldt S 5w, xFAA A
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T, 118 1577F 8= A o9 2 4
W= HEE ST 2270] 5ERE 99
of 194, 10¥€ 24, 11¥ 149 A=A}
FrARE S UERISIT olet e A

A& F AR A%l 9FL FE pH, HE
So] AR gh] 2 Aol7} gl AHAR 1]
ANE B o, Ad w2 el A

B el Aol o WFFE A% B3
Apolol el% GgFow Azharh,

Sulfamethoxazole(SXT) 2kA ol
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Table 2. The resistance pattems of 16 strains

isdlateed from unchlarinated drinking water
sanples in northern Gyeongbuk area.
Strain lgg?ggd Name of strain 5)?12?(5‘?;;;)
C1-2 May 2007 Citrobacter freundii Te, C
Mi1-2 May 2007 Citrobacter braakir Am
Ml1-4 May 2007 Serratia marcescens Am, Te

Table 1. Specification of total coliforms M1-5 June2007 Klebsiella pneumoniae Am, Te
idaed fran 16 mawd didkirg weer M1-7 June 2007 Enterobacter cloacae Am
sarrples in northemn GWX]'@)UK area S1-2 July 2007 Klebsiella pneumoniae Am

S1-2 Aug. 2007 Serratia marcescens Am, Te
No. of Antimicrobial agent _ P . .
No. Odf coliforms resistance bacteria S1-4 Aug. 2007 Hatania alvei Am, Te
;Suiit&e positive G Species  No. Ul-2 Aug. 2007 Klebsiella pneumoniae Am, Te
enus .
samples(%) of strain A1-2 Aug. 2007 Serratia liquefaciens Am
Citrobacter Zr EUI;:_{I_I i Y1-2 July 2007 Serratia marcescens Am, Te
raakii
Fochorichae colr 5 B1-2 Aug. 2007 Klebsiella oxytoca Am, Te
cloacae 1 Y1-3 Sept. 2007 Escherichae coli Am
Fnterobacter B2-3 S ; 5
aerogenes 1 ept. 2007 Serratia odorifera Am,
165 16(9.7) Hafania  alver 1 Y2-3 Oct. 2007 Escherichae coli Te
Klebsiella pneumoniae 3 W2-3 Nov. 2007 Enterobacter aerogenes Am
oxytoca 1
marcescens 3
Serratia bquefgfraens 1 4 FFAE HAASAA S
odorifera 1
e WAAAS dide®  Ampicillin,
LA A oEA} . .
3 A N8 Chloroamphenicol % Tetracycline kel
dete]  AnAKAASES AT Av
WA 3 (phenotype) At

M
L)
og, Fﬂ

AW S Table 29 2t F 167 %
857F kA ofAlel WS ‘JrEPH?i , H
Hx] 8F7F F7HA ekAlel WS UrFJr‘ﬂ

o} ok Wdde] 7% 157} Tetracycline
o WS YeEMIA, 7571 Ampicillin ©ll
WS YRS 7 7EA oAl WA
742 757} Ampicillin®} Tetracyclineo] =
o WS dEbiiRlaL, 1559 739 Tetracycline
7} Chloroamphenicol ©] &3shiAS eRY
At 2y 7ol wWE AU e
S YRR gt 2 Aol e
H 859 294 WA+ T 757} Ampicillin
3} Tetracycline®] Wds vFERIID, Trimethopriny
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Table 3% ).

Citrobacter braakii ¢ 1357} WAL
Ehdl Ampicillin 9FA19] 49 HA2EFAAE
EE A 12u/miFH FHO 32ug/ml &= o}
Elgton oyt 59 HAASAEE
7} 16pg/mlE YeRTE Chloroamphenicol €
HAAFAA T ==

o -1

Citrobacter freundi 1
F7} 128ug/mt = et ow,  Citrobacter
freundii 9 857F WAS YER Tetracycline
oFAo] 7, 32ug/miFE 128ug/me= LFERR:

J. of ESE, Vol. 23, No. 2, 2008



N
()]
it
0
5
=)
i
10
ou
@
T
la
i
e
P
]
i

Table 3. The MC o 16 strains isdated fram drirking

water in northern Gyeongbuk area.
- Resistance  MIC
No. Strain (phenotype) (ug/ml)
. .. Te <128
C1-2 Citrobacter freundii C 64
M1-2 Citrobacter braakii Am <12
. Am <16
M1-4 Serratia marcescens Teo =96
- . . Am <16
M1-5 Klebsiella pneumoniae Te 296
M1-7 Enterobacter cloacae Am <16
S1-2 Klebsiella pneumoniae Am <32
. Am <16
S1-2 Serratia marcescens Te ~i8
- . . Am <16
S1-4 Hafania alver Teo 43
. . Am <32
Ul-2 Klebsiella pneumoniae Teo =30
Al1-2 Serratia liquefaciens Am <16
. Am <32
Y1-2 Serratia marcescens Teo 64
. Am <16
B1-2 Klebsiella oxytoca Te 64
Y1-3 Escherichae coli Am <32
B2-3 Serratia odorifera Am <32
Y2-3 Escherichae colr Te <48
W2-3 Enterobacter aerogenes Am <16

A7 wE A

9 £S5 o= Gitrobacter
sp., Serratia sp., Klebsiella sp. 2 Enterobacter
sp..s 4%5U@)3} Hatania alvei 1% 3}
Escherichae coli 2&(fi)S ez z7]
AasEE JEFA ] e Ao 1A
S ZAFSFSItHTable 4, Table 5, Table 6,
Table 7, Table 8).

Table 49] 7% Ampicillin, Chlorampenicol
oFAlel WS uERd
Citrobacter %(J#)S 1oz x27] 4%
H AEFAIR ] B A4S dERA Ao
0.2mg/ ¢ Al 108743 F
ldcfu/m7} AEdh= Aoz Yesew, &
Asieolld 30274 Fol= s APEE]
= o2 eyt 18la da%E 0.4mg/
¢ A= 1024 Foll% $bd AbEEE A

o2 YEbgt

sl
H

=

=

2 Tetracycline

ArEsE

o

tE S8t M23d 25

1o
1o
=
)
oF
0x
i
Qﬂ
o

Tade 4. The ssoeptihility - Girabadar . by daire:

Conc. of
chlorine
(mg/0) 0 0.2 04 0.6 1.0 2.0 4.0
Elapsed
time
0 210000 L20 20 2 O O O
10min. 200000 14 O O O O O
30min. 190000 O O O O O O
lhr 20000 0 0 0 0 0 0
2hr 1900000 0 0 O O O O
3hr 1900000 0 0 O O O O
Shr 18000 0 0 0 0 0 O
Thr 18000 0 0 0 0 0 O
10hr 190000 O O O O 0 O

Table 5% Ampicillin®} Tetracycline ¥l

YAS el Serratiats S Aoz %7

Py WEAL) G g 2
—

“ R
2 Ul Qew, 27 dak
9

Ut a18al 27 9A4AFE 0.4mg/l A=
A o & APEEE Fe® YER

Tde & The susoeptihility of Saratia sp. by dilarine,

Conc. of
chlorine
(mg/0) 0 0.2 0.4 0.6 1.0 2.0 4.0
Elapsed
time
0 290,000 1,000 52 34 O 0O O
10min. 270,000 8 O 0 0 0 O
30min. 270,000 O O 0 O 0 O
lhr 260,000 O O 0 0 0 O
2hr 270,000 O O 0 0 0 O
3hr 260,000 O O 0 0 0 O
5hr 260,000 O O 0 0O 0 O
7hr 260,000 O O 0 0 0 O
10hr 220,000 O O 0 0 0 O

Table 62 Ampicillin® Tetracycline 2
of WS Yeli= Alebsiella 45 tiido
2 Z7] fdasEE ASARR nE A
ZAHEARE Uil Zlolth 7] dawk
0.2mg/¢ oA 10273 Fol 22cfu/m7F A
E319a1, 30 o= 2efu/me7t A=)
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Table 6. The asotihlity f Aebsdla 2 by daire

A mE A A METE YER A
o2 %7] 9A4E% 0.2mg/t oA 108743}
o\ Escherichae coli ¢ Hatania alver (A}
5 1 AR BF b ApdEE Ao® o

ERst}.

Conc. of
chlorine . . . .
(mg/0) 0 02 0406 1 2 4 TeHe & Tre sstihlity Fomidee adif ad Faara
Elapsed ava'by daire
time
0 270,000 1,100 52 19 0 O O Conc. of
10min. 250,000 22 0 0O O 0O O C&O%e 5 04 L0 90 4
30min. 260,000 2 0 0 0 0 O ﬁ 0 020406102040
lhr 230000 O O O 0 0 O e
2hr 220,000 O 0O 0 O 0 O 0 260,000 89 33 0 O O O
3hr 220000 0 0 0 0 O O 10min. 260,000 0 0 O O 0 O
Shr 230,000 0 0 O 0 O O 30min. 230,000 0 0 O O O O
“hr 230,000 O 0 O O O O lhr 230000 0 0 0 O 0 O
10hr 210,000 O 0O 0 O 0 O ohr 220000 0 0O 0 O O O
3hr 230,000 0 0 0O O 0 O
_ 5hr 220,000 0 0 O O O O
Table 72 Ampicillin®} Tetracycline®] 7hr 210000 0 O O O O O
LH/\(S]—% I%E}—LH-‘E— FEnterobacter —i\‘—‘%— q}%g 10hr 190,000 0 0 0 0 0 0
2 27 daFret HEFAT g 1A
2 ARE ek Aom, 7] Ax HewE 5 deAUES YeEile e
0.2mg/t A 108743 Fo| 13cfu/m7} A E4 A WA E S AAAREE 53
Eatglon], 30843 Fol gs apgme  AUWA VIS viddeRTE ddws A
Ao bt e 29aE Odmy DS T SR ARG wS e
¢ M= 10549 o obd AP E o e Hal gl Telal ofed FAA vidS
e ) = fEo 93 "HeEEe] 2973y
THe7 The Hity o Frterchecter s by dictie UERY —%-l o3t Hi=E9 -ulﬁ}
FES, 53] 2 fdo dAAA
o Bgel % o9 wEE e =
Chorly 0 0204 06 1.0 2.0 4.0 b AEmAE 018 2% fHT A
“Elapsed A7} kAR HEE FES siE 24F
time o] o roltl B oltlo] Aylm B mx
0 210,000200 18 0 O O O 2 gl = Aol Ak 2, e
10min. 190,000 13 0 0 O 0 O QA Al 7P Wol o] fHE AAhATe
30min. 190,000 0 0 0O 0 0 O AL 27 Ga%EE HlEA] 0.4mg/l o)
1thr 190,000 0 0 O 0 O O o s Al a5 o o -
ohr 200,000 0 0 0 0 0 0 = TFX]UE L Xlﬂ—v}\]Zl'T: SOTT_? OATEi 1
3hr 200,000 0 0 0O O O O A BFEA] f4] oo stth= RS &
?:f 1228888 8 8 8 8 8 8 G vk AA 2t w49 »4
r ’ O~ A I~ 57
10hr 200,000 0 0 0 O 0 O 2N 7 FEHRAM] AT DA
ol da HAFAZI] FEHA S o=
dArETE  ALFoA %7 dAiREnU)
Table 82 Ampicillin®} Tetracycline ¥ ° " . ‘;O]O _
of WAS UEN:  Escherich i o 0.4mg/t ooz AHIHT, 94 FY T 1
i oot o o) Srses g G OIBe AFAe Bastel, e
Hafania alver o7 %7 AEEQ} %
° e Y R daEEst 0.2mg/t o) FAH
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5% stolof FAAWY BFTTol AbEE
AT RS ANT F Ue Aoz A%
A},
v. 2 &
2007 495E 119704 AABE 25
A9 &7 MHeAF F GarcEA} AE
A e HERe ggon ggTE, @

1. 16579 A& FollA 21(13%)72e] A=
oA FulFol AEHUIL, ELAU
e 9A(B.5%)0] AEH UL

2. FAANE bt AEE2 9.79%(165/16)=
Uelgtow, #5¥ ¥3X= Citrobacterds
2% 27, Enterobacterds 2% 27 Klebsiella
& 2% A5, Serratia 3% 5+ Escherichae

coli 27, Hafania alvel 17+ & % 167 &=

UEh,

rer

N

3. A WS F 167 5
7HA] oRAle] WAdS dERAAAL, vA] 8
F7F 7 7HA kAl WS eI
ok Upde=e] 79 157} Tetracycline
opAlell WS el 757F Ampicillin
oRAlel WdS YERSITE 7 7HA oFA
updete] 75 771 Anpicillin®} Tetracycline
ofAle] 53 WS WERNAL, 159 4
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9~ Tetracycline®} Chloroamphenicol ©F

Aol H3hhds veRiicth

. KA HAAS A == Citrobacter

braakii 2 1357} WAS ¥ Ampicillin
o] A9, HA 12pg/miFE FH 32u8/ml
olar, -] #F7F 16pg/mi= LFEb
t}. Chloroamphenicol®] 739~  Citrobacter
freundii 1577} 128pg/mé = YERgEoH,
Citrobacter freundii ¢ 857} Wd&
B}l Tetracycline®d] 3%, 4 32ug/ml
B Hol 128pg/ml Abo] 2 LERRTE
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