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Study on Distribution and Identification of Total Coliforms Isolated
from Drinking Water
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Abstract

A total of 157 coliform bacteria isolated from springwater and groundwater, submitted to Busan Metropolitan City

and Institute of Health & Environment from June to July in 2008, were investigated identification and antibiotic

resistance pattern. Twenty two known to species, 28 isolates (17.8%) were E. coli, 27 isolates (17.2%) were Citrobacter
freundii, 24 isolates (15.3%) were Klebsiella pneumoniae, 11 isolates (7.0%) were Raoutella planticola, 10 isolates (6.4%)
were Klebsiella oxytoca, 5 isolates (3.2%) were Enterobacter aerogenos, 4 isolates (2.5%) were Enterobacter cloacae, Kluyvera

cryocerescens 3 isolates (2.5%) were Citrobacter braakii, Serratia liquefaciens, Serratia marcescens, Buttiauxella agrestis,

Pseudomonas aeruginosa and 1 isolates (0.6%) were other bacterial species. As results of antibiotic resistance test, Most

of species were resistant to ampicillin, ticarciline in penicillin, to cefazolin, cephalothrin in cephalosporin, all species

were susceptible to gentamicin, amikacin, cefepime, ciprofloxacine, imipenem, chloramphenicol.

Key Words : Coliform bacteria, Springwater, Groundwater, Antibiotic resistance

S
QIgkel AR A4S F9N3N Wb] AsA Y Fo
4% st ARS Bolh et A3 BAE
2 Qstel Qzke] el A WY HAAT, 1o

o %

ot
N )
uitA rl
=4
Y k_;] E
N
02;‘3 E“:,
oo
s, ol
3 o
o
Z 5
J —
E, rlr
2 oF
o,
jg o
ox &
>~
_>|i [e=3
s
ok T

=

1 Corresponding author. E—mail:im3632528@korea.kr
Tel: +82—51-758—6123, Fax:+82—51-753—1424

of bk WAl Qe et ohtie) setEa
3} g FYAES Fustel Wel Auk et 2
A el g #Farel ezt v Rl ool w$
Fos?. AN 4B EAARE Ve B B 5
ook o1y AW vddel ¥AT 5 dAod 4HF
QL Uy VAR A WY gols Aadow
ofelgol wrk. mebd HMel WAoo Frpgarolt
P4 R, O, 98 AR 2o A
BV YES AgEtel SR F delel #AY o
AFE AR Awdtel FAY WS v egstn
A, olZo] Mt BM bR FH AAE S B4
ofv et FUARTE AR Aol 5 A
Wo) A e Uehls 2a4 0 A gt
FHFTES HEBAAY PEH AFTE folnm o
W 7B A HeE a9 AR 1450 ok

A7 FuiAlgstel &dhe Algoz @59 Gbile
oA FHEAA Q] Z A8t A



Sgror AEY S (Total Coliforms) o] o 574 @ B3 xA}eI4 163

36C~37CeA frd= walste] At 7tA~E A=
a3 54, H]OPE@ MO 2 oxidase o4 MTE TH
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Table 1. Number of springwater and groundwater
from each region

Region Springwater Groundwater
Haeundae-gu 19 63
Busanjin-gu 26 45
Geumjeong-gu 17 67

Total 62 175
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el Hegs ’d‘:’uﬁ}oﬂ Nutrient  Agar (Merk.
Germany) 9|4 = 2] 3 & Gram's 94, 1854
2t A2S #3lo] VITEK 2 Systems (Vression:03.01.
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o2 FEsAdE TuddTed dist S8A gAY
AAEAE AENS Nutrient agarell =7 229 o
37TColA 20~24A17F vleF & Hy W02 4~57)
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turbidity No. 0.5 9 & ARESISITh d9s Hdd
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ol FoE ¥ A discE 7H4el 24 mmold A E]
S5 ux] ®de] =9tk M—H agar plate: disk 2
% 15% Yol 37C Incubatorel %71 24x13F wjokatich,
XA oA 8ke] =7]+ inhibition zone? 274 Caliper
£ o] &3to] mm ©W9E ZAskelon, A¥ ¥ BBL
Sensi—Disc zone interpretation setE& sl A
(Resistant, R), S&%=454 (Intermediate,D), 73
(Susceptible,S) 0.2 A3} TE o] Aol AFEE A
A diski= BBL sensi disk(Becton—Dickinson) & k]
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Table 2. Zone Diamter Interpretive Chart

Cod Antimicroial Dick Zone diameter interpretive standards (mm)
ode
agent potency Resistant Intermediate Susceptible
C Chroamphenicol 30ug <12 13-17 >18
M Imipenem 10ug <13 14-15 >16
Am Ampicillin 10ug <13 1416 >17
Teracycline 30ug
TE <14 15-18 >19
Ticarciline 75ug
TIC <14 15-19 >20
Trimethoprin/ 1.25ug
SXT <10 11-1 >16
Sulamethoxazole 23.75ug °
CRO Ceftriaxone 30ug <13 14-20 221
Cz Cefazolin 30ug <14 15-17 >18
SAM Ampicilline/ 10ug <11 12-14 >15
cIp Sulbactam 10ug <15 16-20 >21
rofl . -
GM Ciprofloxacine Sug <12 13-14 >15
Gentamicin 10ug
AN <14 15-16 >17
Amikacin 30ug
NA <13 14-18 >19
Nalidixic Acid 30ug
TT <12 13-15 >1
¢ Cefotetan 30ug 15 0
CF Cephalothrin 30ug <14 15-17 >18
REP Cefepime 30ug <14 15-17 >18
Aup 2 aEk o el wlwslel KW Klebsiella oxytoca 2275
(21.6%), [Escherichia coli 13(12.7%), Raoutella
EfAAFD M 2 2| EM ornithinolytica 95(8.8%), Citrobacter freundii 77
FAAI 2785, FARE, St 37 #]ed okrH (6.9%), Enterobacter sakazakii 55 (4.9%), Klebsiella
I MER A Al XS 23732 tAte R E1 pneumoniae, Serratia liquefaciens, Serratia odoritera 4
% = 5 T(3.9%), Serratia fonticola, Enterobacter cloacae,

FHH(Table 3). Tt &3> Gram—negative
identification (GNI) cardE ©]€3F] VITEK 2 Systems
(Vression: 03.01. bioMerieux. France)?] 5 Ay} A%
ol 90% o7l A& AREsHTh

ke A et e AN Escherichia coli 71°)
187 (27.3% = 718 Hem,  Klebsiella
pneumoniae  15F(22.7%), Raoutella planticola 107F(
15.2%), Raoutella ornithinolyvtica 35 (4.5%), Citrobacter
77(10.5%), 15-(1.5%),
Enterobacter cloacae 35(4.5%), Kluyvera cryocerescens
37(4.5%),
marcescens 17(1.5%), Pseudomonas aeruginosa 1
(1.5%) Z18]aL w8kl o 25(3.0%) & YERSTH(Table
4). o]d A= 71570] 2005 Eu oFE] FojR

Wol =

freundii Citrobacter  braakir

Yoknella regensburgei 25(3.0%), Serratia

FEnterobacter aerogenes, Citrobacter youngae, FPantoea
spp. 257 (2.0%) F X113 100579 W xjo]lE Hol=
4] 53] UWHE 0 2= Escherichia colio] 71V o] HEH
W 71570] Wws =Rolli= Klebsiella pneumoniae
7} 74 ol AERvta vl 3 H% V0] 2005
AR 4ol 9gel] ke elA e s T
T 605l N3t A3}= Escherichia coli 215 (35.0%),
Enterobacter sakazakii 65(10.0%) 55 X1+ Ay}l
okzke] Aol & Mol Stk 53] & AT O] Raoutella
planticola 105-(15.2%) Q1e] ¥k & 5108 @ 1575 2
A vty Witk 53 BlEE]  Pseudononas
aeruginosa 2| 73-5- 23 WA o) AlitEo] wWol Ak 473
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Table 3. Classification data of total coliforms isolated from springwater

No.of Isolates(%)

Strain Springwater Groundwater Total Rate(0)
E coli 18(27.3) 10(11.0) 28 17.8
Klebsiella pneumoniae 15(22.7) 9(9.9) 24 153
Klebsiella oxytoca 0 10(11.0) 10 6.4
Citrobacter freundii 7(10.6) 20(22.0) 27 17.2
Citrobacter braakii 1(1.5) 2(2.2) 3 19
Enterobacter aerogenes 0 5(5.5) 5 3.2
Enterobacter amnigenus 1 0 1(1.1) 1 0.6
Enterobacter amnigenus 2 0 1(1.1) 1 0.6
Enterobacter cloacae 3(4.5) 1(1.1) 4 25
Serratia liquefaciens 0 3(3.3) 3 1.9
Serratia marcescens 1(1.3) 2(2.2) 3 19
Raoutella planticola 10(15.2) 1(1.1) 11 7.0
Raoutella ornithinolytica 3(4.5) 1(1.1) 4 25
Pantoea spp 0 2(2.2) 2 1.3
Buttiauxella agrestis 0 3(3.3) 3 19
Kluyvera cryocerescens 3(4.5) 1(1.1) 4 25
Yoknella regensburgei 2(3.0) 1(1.1) 3 19
Cedcea lapager 0 1(1.1) 1 0.6
Acinetobacter junii 0 1(1.1) 1 0.6
Pseudomonas aeruginosa 1(1.5) 2(2.2) 3 19
Pseudomonas fluoresceus 0 1(1.1) 1 0.6
Pseudomonas putida 0 1(1.1) 1 0.6
Not Identification 2(3.0) 12(13.2) 14 8.9
Total 66(100) 91(100) 157 100
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Citrobacter freundii 205 (22.0%) 7V o] AZE =9
ow, I SO0 7E Klebsiella oxytoca 107(11.0%),

Escherichia coli 977(9.9%), Enterobacter aerogenes

5F(5.5%), Serratia liquefaciens, Buttiauxella agrestis
35(3.3%), Serratia marcescens, Citrobacter braakii ,
Pantoea spp. 27F(2.2%), 1 UHA #5F= 1571.1%)
2 UERgtH(Table 4). o]¥ Auhi= @570 324 9
Aol A Eelst (5 WX\ Escherichia coli 7}
7hd wol FEETHE BagkeE ot AbolE Koli gl
on w3 Katsunorie' Vo] 19864 1’34 (drinking
tank water) oA Klebsiella pneumoniae 265 (33.8%),
Klebsiella — oxytoca  115(14.3%),  Enterobacter
cloacae 155(19.5%)%5 + A Aiel= B2 Aol&
wola 9tk 53] Citrobacter freundii , Escherichia
coli 2 A01Z wty. w3 HTVo] 2005 FAAIY]
4gol|A] 9ol WIABIIFTAIA AstrelA e 5
st T 3470l Wist Ays Escherichia coli 97
(26.5%), Klebsiella pneumoniae 65 (17.6%)%°] ek
Wtk Baskgith old Ade # AT & AolE =



& Q=4 Citrobacter freundii 7F ¥ AF-o|X= 71
w S w1l whd HEYL Escherichia coli 7} 7}
ZHty B3 sgich o]

Clas AE Citrobacter
freundii 7F A 9 zAAAoA] BE EAEM= Z7H0)
1!, Escherichia coli + TWHFHH o 24 At <jn]
boavka AbRdE Bw ohlel R wEs @9
Acinetobacter  junii, Pseudomonas  aeruginosa,

Pseudomonas fluoresceus, Pseudomonas putida &
o] ¥ ¥4 Hrh= Zo] 50w LEhRTh
WeRdETAlAd Askrel AEE FuE Tl
e Auind 7h gl i}ﬂé}—t— T 44.0%, th
ox WY 16.5%% ekt
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Fig. 1. Classification of origin in total coliforms from
springwater
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Fig. 2. Classification of origin in total coliforms from
groundwater

e gl WU A Aekre] Y A9E
M or AVHH  Ecoli 285F(17.8%), Citrobacter

freundii 27F(7.2%), Klebsiella pneumoniae 24
(15.3%), Raoutella planticola 115F(7.0%), Klebsiella
oxytoca 105(6.4%), Enterobacter aerogenes 5

(3.2%), Enterobacter cloacae, Kluyvera
cryocerescens — 457(2.5%), Citrobacter — braakii,
Serratia liquefaciens, Serratia marcescens

Buttiauxella agrestis, Pseudomonas aeruginosa 3
(2.5%), WA #F+= 17(0.6%) & VFepstth £ A<
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(5.1%) 5ol Yebwtow 2 Al Aael ofzke] Aol &
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22 B4 ¥ A3 Ecoli 30F(31.9), Klebsiella
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Table 4. Results of Antimicrobial susceptibility test of total coliforms isolated from springwater and groundwater

Strain AM CZ CF GM AN FEF CIT CIX CIP IPM SXT C TE NA SAM TIC
E.coli S S S S S S S S S S S S S S S S
Klebsiella pneumoniae R S S S S S S S S S S S S S S R
Klebsiella oxytoca R S S S S S S S S S S S S S S R
Citrobacter freundii I R R S S S S S S S S S S S S S
Citrobacter braakii I R I S S S S S S S S S S S S I
Enterobacter aerogenos S S I S S S S S S S S S S S S S
Enterobacter amnigenus 1 S S I S S S S S S S S S S S S S
Enterobacter amnigenus 2 S R R S S S S S S S S S S S S S
Enterobacter cloacae R R R S S S S S S S S S S S S S
Serratia liquefaciens I S R S S S S S S S S S S S R S
Serratia marcescens R R R S S S S S S S S S R S R S
Raoutella planticola R S S S S S S S S S S S S S S R
Raoutella ornithinolytica S S S S S S S S S S S S S S S S
Pantoea spp. S S R S S S S S S S S S S S S S
Buttiauxella agrestis S S I S S S S S S S S S S S S S
Yoknella regensburgei S R I S S S S S S S S S S S S S
Cedeca lapagei R R R S S S S S S S S S S S R S
Pseudomonas putida R S S S S S S S S S S S S S S R
Pseudomonas fluoresceus R R R S S S R I S S R I S R R R
Pseudomonas aeruginosa - - - S S S - - S S - - - - - S
Acinetobacter junii - - - S S S - - S S - - - - - S

* R @ Resistant, I : Intermediate, S : Susceptible
C, Chloramphenicol ; IPM, Imipenem ; AM, Ampicillin ; TE, Tetracycline ; TIC, Ticarciline ; SXT,
Trimethoprim/Sulfamethoxazole ; CRO, Ceftriaxone ; CZ, Cefazolin ; SAM, Ampicilline/Sulbactam ; CIP, Ciprofloxacine ;
GM, Gentamicin ; AM, Amikacin ; NA, Nalidixic Acid ; CTT, Cefotetan ; CF, Cephalothrin ; FEP, Cefepime.

E.coli,  Enterobacter  aerogenes, Enterobacter — “1@|1l Citrobacter braakii, Yoknella regensburgei=
amnigenus 1, Raoutella ornithinolytica, Buttiauxella — cefazolin, Pantoea spp.<= cephalothrint]’d& ERY
agrestis, Pseudomonas aeruginosa, Acinetobacter — Pseudomonas fluoresceus®] 749+  PenicillinAl %]
JunireS FSAE A 71 AL AR AL 16 ampicillin, ticarciline, ampicillin/sulbactam, Sulfar#2l
e A 100% Aol U= Floz HoFEa glo Trimethoprim/Sulfamethoxazole, cephalosporinAl¢l W}
v Klebsiella  pneumoniae  Klebsiella — oxytoca, S etk 259 AagQuaEsio) 71438
Raoutella  planticola, Pseudomonas putida 73%-% A U Aol vusiEw] oifd dFolrds A+
PenicillinAl®] ampicillin, ticarciline W/, Citrobacter 3+ ZAIE HTh ovl  Ecoli®l 7%  ampicillin,

freundii, Enterobacter amnigenus 2i= cephalosporinZll  tetracycline, Chloramphenicol sl 40%~60%73 %
Ql cefazolin, cephalothrin W4, Enterobacter cloacae, — W’d¢] Itk 7]&3sk Wbd 2 A+ Aoy 167] &
Cedeca lapager= PenicillinA] 2] ampicillin, AR 7FpAdo] Qe Ao® et o)el Axpe] x}o)
cephalosporinZl@l cefazolin, cephalothrin®] thal] 43, = dAAE Az B8 skafolA g F9-9F A
Serratia liquetaciens= cephalosporinZl§l 13 eA] gt Zfo]= st Aog FAHTt = AT
cephalothrin, PenicillinZl€] ampicillin/sulbactamel] U Aol A Holst H2 Uit skxpsolAl wo] s 3l
A, Serratia marcescens|A+= penicillinA 9] ampicillin, ¥ penicillinZ] 2 cephalosporinAl 2] A4 T2 4F
ampicillin/sulbactam,  cephalosporinAl¢!  cefazolin, E°] A& veRA Holth

cephalothrin, tetracyclineZ|¢! tetracycline®] th3t 43,
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