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Biochemical Classification of Coliforms Isolated from Drinking Water

Hee-Jin Ham', Mee-Jin An and Seog-Gee Park
Seoul Health & Environmental Research institute Seoul 100-310, Korea

ABSTRACT - A total of 136 coliform bacteria isolated from spring water (112 strains) and
ground water (24 strains), submitted to Seoul Health and Environmental Research Institute
from June to July in 1997, were characterized biochemically and microbiologically. Colonical
characteristics of each isolate were also noted, including color and texture on EMB agar. Among
the 136 isolates, 50.7% were greenish metallic sheen color, 44.2% were pink and 5.1% were vio-
let. The sixty four percent were smooth, 34.6% were mucoid and 0.7%. were rough. Twenty three
bacterial species were identified by IMViC and API 20E test. Among the 136 coliform bacteria
known to species, 39 isolates (28.6%) were Escherichia spp., 32 isolates (23.5%) were Klebsiella
ssp., 30 isolates (22.1%) were Enterobacter spp., 19 isolates (14.0%) were Serratia spp., 6 isolates
(4.4%) were Citrobacter spp., 4 isolates (3.0%) were Kluyvera spp. and 7 isolates (5.1%) were
other bacterial species. Strains, which were gas-positive in lactose broth but gas-negative in Kli-
gler Iron Agar were Ent. intermedium, Ser. liquefaciens, Ser. marcescenes and Salmonella ari-
zoge. Strains, which were H2S production were also Kleb. pneumoniae, Kleb. oxytoca, Kleb.
ornithinolytica, Ent. sakazakii, Ent. cloacae, Ser. liquefaciens, Ser. ficaria, Cit. freundii and Sal.
arizoae. In the present study, most of coliform isolated from spring and ground water were E.
coli, Klebsiella spp. and Enterobacter spp. Since coliform with pink colony in EMB agar was iso-
lated as frequent as coliform with greenish metallic sheen colony, coliform with pink colony
should be considered as important colony. Our results suggested that new coliform strains may
be emerging on the basis of biochemical and microbiological testes.
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B A F oA 448 A FPoE dAEEe &
23 1363FE ez + HE $4E A
7+ed 112%E 2@ (spring water)o| A, 245 Aok
(ground water)ollA] £2]3} T}

A EEHY
Standard methods for the examination of water and

6)

waste water”, Edward and Ewing's [dentification of en-

terobacteriaceae”, Bergey's manual of systemic bacteri-
ology"5-5 sl 4+ wiksta, ¥ sk
&2 ZA —Lactose broth [Digestive Ferments
Company(=Difco), USA] 10mle]l ZA 1mlE {53 £
36°C, 4817+ ¥l¥&le], Duhram tubeoll 7h27} AR 3
%= BGLB(Brilliant Green Lactose broth, Difco)oll 4l
36°C, 48417 T wietsted Bl 5, 3 AT vield
Ao el EMB(Eosin Methylene Blue, Difco, USA)
agarol A lactoseZ Waldh F =S A3k, Tryptic soy
agar(Difco, USAPIM &4 2&] &, Gram stainings &
Al @S I B tidteS RISkt
o5 ol S8 MY -EMB agmoﬂfﬂ o R &
Bl 4552 Brain Heart Infusion(=BHI) agar®ll
, 36°C HiFT101A 24417 ke & AF A HEE
1519 IMVIC test2 E. colis 4 E13ty, UHA] &
& API 20F kit(BioMerieux, France)®} tube method
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o 2o, 7t 4FES -70°CoA WE HASITHA
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ez &+ e 54 43 % 235'50] el
H9lom, 15 1 F gl vEl #FATK(Table 1).
o] 7}249| Escherichia £41°] 397(28.6%)% 7H¢ Wk
o1, Klebsiella Z#©] 325(23.5%), Enterobacter ]
305%(22.1%), Serratia £:7F°] 195°(14.0%), Citrobacter <
7#0] 65(4.4%), Kluyvera €0] 45(3.0%) ~L&]aL 71E}
67(4.4%)% ZH7h FERstT)

Table 1. Classification data of coliform isolated from spring
water and ground water

) No. of No. of
Strain [solates (o) genus (%)
E. coli 38 (27.9) 39 (28.6)
Es. adecarboxylata 1 0.7
Kleb. pneumoniae 12 8.8)
Kleb. oxytoca 12 (8.8) 32 (23.5)
Kleb. ornithinolytica 8 (5.9)
Ent. sakazakii 16 (11.8)
Ent. cloacae 7 5.0
Ent. agglomerans 2 (1.6)
Ent. intermedium 2 (1.6) 30 2.0
Ent. aerogenes 1 0.7)
Ent. gergoviae 1 0.7)
_Ent. amnigenus 1 0.7
Ser. liquefaciens 6 44
Ser. odorifera 6 4.4)
Ser. marcescenes 5 3.7) 19 (14.0)
Ser: ficaria 1 0.7)
Ser. fonticola 1 (0.7)
Cit. freundii 5 3.7 6 4.4)
Cit. diversus 1 0.7)
Kluyvera spp. 4 (3.0) 4 (3.0)
Sal. arizoae 3 (2.3)
Ps. aeruginosa 1 0.7) 5 3.7
Erwinia nigrifluens 1 0.7
Unclassified 1 (0.7) 1 0.7)
Total 136 100 136 100

HEEE AR E coli 385(27.9%), Kieb. preu-
moniae 127(8.8%), Kleb. oxytoca 127(8.8%), Kleb.
ornithinolytica  85+(5.9%), Ent. sakazakii 167(11.8%),
Ent. cloacae 75(5.1%), Ent. agglomerans 27(1.6%), Ent.
intermedium 27F(1.6%), Ent aerogenes 17(0.7%), Ent.
gergoviae 157(0.7%), Ent.  amnigenus 157(0.7%), Ser
liguefaciens 65(44%), Ser odorifera  67(4.4%), Ser.

marcescenes  SF(3.7%), Ser. ficaria 15(0.7%), Ser.

Jonticola 15+(0.7%), Cit. freundii 57(3.7%), Cit. diversus

135(0.7%), Kluyvera Z1t°0] 45(3.0%), Salmonella ari-
zoae 35(2.3%), Ps. aeruginosa 15(0.7%), Es. adecar-
boxylata 15(0.7%), Erwinia nigrifluens 15(0.7%) “12]3L
P11 15+(0.7%)4

o] Katsunoris"'°] 1986% Y]} 4*(drinking tank
water)oll X Kleb. pneumoniae 265, Kleb. oxytoca 115,
Klebsiella. spp. 25, Ent. sakazakii 15+, Ent. cloacae 157,
Ent. intermedium 75, Ser. liquefaciens 97, Cit. freundii

135, Cit. amalonaticus 15+, Kluy. cryocrescens 25, Kluy.
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ascorbata 15+ 18|5L Es. adecarboxylata 152 X138k
77k o kel Atold HAlE, 53] o) shew E coli
Ent. sakazakii, Ser. odorifera L2|3. Ser marcescenesol]
A & o1& KU, Sal arizoae 379 Ps. aeruginosa
1527F EMB 93 5ellA Eeje A g 53 F o))

O|i= Aer hydrophila, Acinetobacter <33} Pseudomonas
o] et &4 Aol 0F/E WE ¢ vhs B
0 dRElen, B3 & digwaay] diiEe] £
colZb obd H¥ e dz AA Ato] gl FoMT ol
AEE = Kleb. oxytoca, Ent. cloacae, Cit. freundii 52
HER 8l AAlET o VA Frkd 4 Qloks R
ofw AT

=2al7e| EEtge] 23 0t

Zh 2 #5782 e JulE BHI agar, EMB agar
X z}zb AHE A3} Table 29F 7+9kch. BHI agarol A
= AT 1365 7F2Hl Kleb. pneumoniae 15904 A

Ir

Table 2. Properties of colony in coliform cultured on EMB agar

B e (mucoid colony)E LERN A Qe 1355 &
*F smooth colony©™, EMB agardlM & 7zt F5H=E o
Wt B5g B

E colflMe 81.1%7F =4 F44 e 10.8%A =}
A 81%0A] g BEae ‘%E]'LHMJ_ E% smooth
colonyME]'.

Kleb. preumoniae| A= 273%7F =2 F54 Zd)
72.7%7F BEAS LERASIE, 90.9%7F HHA, 91%/}
smooth colonyM-JI] Kleb. oxytocad| A= 53.8%7) B%
A, 46.2%7F HA G454 FES e, 69.2%7F
ABgold e, Kleb. ornithinolytical A= 50.0%7}F =44
w549 FY, 37.5%7F S84, 12.5%7F A58 VRS
3, 70.5%7F e BTt

Ent sakazaku‘ﬂ]’\i 31.3%7F =20 F2A1 e 68.7%

7F S VRS, 81.3%7F HelA, 18, 7%7} smooth
colony‘ii_tﬁ, Ent. cloacaeol A= 100%7F H-322 vjeh)
A3, 50.0%7F HAA. 50.0%7F smooth colony‘ii}ltt],

Strain Color Shape
Green Metallic Sheen Pink Violet Smooth Mucoid Rough

E. coli(38) 81.1 8.1 10.8 100 0

Es. adecarboxylata(1) 100 100

Kleb. pneumoniae(12) 273 727 0 9.1 90.9

Kleb. oxytoca(12) 46.2 53.8 0 69.2

Kleb. ornithinolytica(8) 50.0 375 12.5 70.5

Ent. sakazakii(16) 313 68.7 18.7 81.3

Ent. cloacae(7) 100 50.0 50.0

Ent. agglomerans(2) 100 100

Ent. intermedium(2) 100 100

Ent. aerogenes(1) 100 100

Ent. gergoviae(1) 100 100

Ent. amnigenus(1) 100 100

Ser. liguefaciens(6) 16.7 83.3 83.3 16.7

Ser. odorifera(6) 80.0 20.0 100

Ser. marcescenes(5) 100 100

Ser. ficaria(1) 100 100

Ser: fonticola(1) 100 100

Cit. freundii(5) 80.0 20.0 100

Cit. diversus(1) 100 100

Kluyvera spp.(4) 80.0 20.0 100

Sal. arizoae(3) 333 66.7 100

Ps. aeruginosa(l) 100 100

Erwinia nigrifluens(1) 100 100

Unknown(1) 100 100

Total 50.7% 44.2% 51% 64.7% 4.6% 0.7%
100 100

*Number is percentage(%o)
*( ) is the number of isolates
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Ent. agglomerans®t Ent. intermedium oA 100%7F = o] & Sal arizoae® F-HE T-& 333%7F N G54
A FEA e HAXMS Eur aerogenest w8, Ent. e 66.7%7) 84S YERSUAL, 100% smooth colony
gergoviae‘f— A Ent. amnigenuses S ZZF HA Ao, Ps. geruginosa® FHE 4% EZM rough
, 33% &5 smooth colony$iTh. colonyXiTh. Es. adecarboxylatas 54 5470 F9& v+
Ser: liguefaciensoV A= 16.7% =3 244 39, 83.3% BRI smooth colony@&=Hl, Erwinia nigrifluenst 53
2o Jep T, 83.3% smooth colony$l o™, Ser A gongd Hetoldth
odorg/eraoﬂ*‘llé 80.0% A &4 Bl 20.0% EEAE ojAre] et Fe #hak Az, g AT 50.7%
LFERRIA,, =% smooth colony$ 2™, Ser marcescenes 7b wAFgaA AeS Wen 44.2%7F IS, 5.1%7F
A= 100% -34S VERNIS, 2% smooth colony$] A=A BedA Difco manual’)ollr AWske 479 2}
o, Ser ficaria®t Ser. fonticola\X e 100% =4 =5 o7} 9211, EMB agar iRl A] thabtt Q1A &2
A} 339 smooth colony%iTh. A o] malZaad gl 2R oA Fag AoR =o
Kluyvera &3904 80.0% =4 354 29, 20.0% ST},
RZAS JeERNLL, 100% smooth colony3iTh. o mE, ARgpiliyt B 5HS zhe At Klebsiella
Cit. freundii?lX1 = 80.0% 540 w54 F8, 20.0% spp'7t AAAd e JYEPA I, Enr. sakasakii, Ent.
F2 VERAA A, 100% smooth colony$ 2™, Cir. diver- cloacae, Ent.agglomerans, Ent. intermedium, Ser. liquefa-
susA = 100% A=A smooth colonySATE. ciensZE| 3. Erw. nigrifluensIM 1 A Fgho] EA 2 o]

Table 3. Biochemical properties of coliform isolated from spring water and ground water

Test 1 2 3 4 5 6 7 8 9 10 (I 1213 14 15 16 17 18 19 20 21 22 23 Total
Gas(KIA) 100 100 100 100 100 100 100 50.0 100 100 100 66.7 100 66.7 100 100 100 100 100 66.7 0 100 100 904
Methyl Red 100 63.6 76.9 100 50.033.350.0 100 0O

100 0 33.320.0 0 100 100 100 100 100 100 0 0 0 699

ONPG 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 0 100 100 98.2
Arginine 30.7 9.1 7.7 50 937833 0 0 50.0 0 100167400 167 0 0 20.020.0 100667100 0 0 375
Lysine 92.390.9 100 87.5313334 0 0 100 100 0 667 100 100 100 0 600 0 0 667 0 0 O 652
Ornithine 923 0 0 100937833 0 100 100 100 100 83.3 80.0 100 O 100 10020.0 100 100 0 0 0 643
Citrate 0 727923 10093.7833100 0 100 0 0 100 100 83.3 100 100 80.040.0 100 66.7 100 0 0 714
H2S 0 18223.1875188167 0 0 0 0 0 167 0 0 100 0 © 100 0 100 0 0 O 232
Urease 0 545769250188 0 0 0 O O 0 167 0 83 0 0 0 0 0 0 0 0 0 241
Phenylalanine 0 0 771250 0 0 0 ¢ 0 0 O 0 167 0 0 0 0 O 0o 0o o 0 27
Indole 100 0 100 100500 0 100 0 O O © O 800167 0 0 100400100 0 O 100 0 527
VP 0 727923 100 62.583350.0 0 100 100 100667800833 0 0 0 0 0 0 0 0 100 554
Gelatine 0 0 77 0 625167 0 0 0 0 O 833100 100 100 0 0 400 0 667100 0 100 32.1
Glucose 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Mannitol 100 100 100 100 100 100 100 100 100 100 100 160 100 100 100 100 100 100 100 100 0 0 100 982
Inositol 0 100 100 100 81.316.750.0 0 100 0 0 66.80.0 100 0 100 0 200 0 0 0 0 0O 5890
Sorbitol 100 100 100 100 87.583.3 100 100 100 0 100 100 100 83.3 100 100 60.0 100 0 100 0 0 100 9I.1
Rhamnose 92.3 100 100 100 100 83.3 100 100 100 100 100 16.7 100 0 100 100 100 100 100 100 0 100 100 90.2
Sucrose 61.5 100 100 100 100 100 100 100 50.0 100 0 100 80.0 83.3 100 100 80.060.0 0 0 0 100 100 83.9

Melibiose 84.6 100 100 100 100 100 100 100 100 100 100 100 100 27.3 100 100 100 100 100 100 100 100 100 95.5
Amygdaline 0 100 100 100 93.8 100 100 100 100 100 100 100 80.0 83.3 100 100 80.060.0 100 66.7 0 100 100 80.4
Arabinose 100 100 100 100 100 100 100 100 100 100 100 100 100 16.7 100 100 100 100 100 100 100 100 100 95.5
Oxidase 6 0 0 0 0 0 0 0 O 0O 0O O O O O 0 O 0O O O 10000 09
1" Escherichia coli 2. Klebsiella pneuro. ssp pneumoniae 3. Klebsiella oxytoca 4. Klebsiella ornithinolytica 5. Enterobacter sakazakii 6. E.
nterobacter cloacae 7. Enterobacter agglomerans 8. Enterobacter intermedium 9. Enterobacter acrogenes 10. Enterobacter gergoviae 1.
Enterobacter amnigenus 12. Serratia liquefaciens 3. Serratia odorifera 14. Serratia marcescenes 15. Serratia ficaria 16. Serratia fonticola
17. Kluyvera spp. 18. Citrobacter freundii 19. Cirobacter diversus 20. Salmonella arizoae 21. Pseudomonas aeruginosa 22. Escherichia
adecarboxylata 23. Erwinia nigrifluens

*KI1A=Kligler Iron Agar, ONPG=O-nitropheny!- 5 -galatoside, VP=Voges Proskauer
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Hol@ol FEW MEISH MY An
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Lactose brothollA= 7t2&
Agar(=KIA, DifcoylH= 7F4E
intermedium, Ser. liquefaciens, Ser. marcescenes ZL2)3L Sal.
arizoaeC| oL, H2SE AT #F2 Kleb. preumoniae,

Kleb. oxytoca, Kleb. ornithinolytica, Ent. sakazakii, Ent.

A2dsld et Kligler Iron
A e HES Ent

cloacae, Ser. liquefaciens. Ser. ficaria. Cit. freundii 12
3L Sal. arizoae®) LY.

1367 7hedl maklg 1575 Aelgh 1355 tish A
S AlEl A gas-KIA(90.4%), ONPG(98.2%), Glucose
(100%), Mannitol(98.2%), Sorbitol(91.1%), Rhamnose
(90.2%), Sucrose(83.9%), Melibiose95.5%), Amygdaline
(80.4%), Arabinose95.5%) S°] %& FYHES HIYoL,
Phenylalanine(2.7%), Oxidase(0.9%)5%] WAL ¢ vt

ATH.

Edward®} Ewing”e| ZAzte} viws] WA, Aukzloz 7
el xS o) AR 2 ZAES AuRY ted
ket

Kleb. pneumoniae®|~1 Methyl Red(=MR) 63.6%, Kieb.
oxytocalX MR 76.9%, Gelatine 7.7%°¢191.2W}, Edward
T7& Kleb. pneumoniaeN~1 MR 11.3%, Kleb. oxytoca
o4 MR 33.0%, Gelatine 64.0%°]1t}.

Ent. sakazakii|~1 MR 50.0%, Lysine 31.3%, Gelatine
62.5%, Sorbitol 87.5%, Ent. cloacae®} ] MR 33.3%,
Urease 0.0%, Ent. agglomerans®)*1 Indole 100%, Ent.
aerogenes©| A1 Arginine  50.0%, Sucrose 50.0%, Ent.

h3

o

gergoviae®l X1 MR 100%, Ent. amnigenus|*]  Arginine
100%, Citrate 0.0%, Sorbitol 100%, Sucrose 0%,5°1%1
S}, Edwards 2 Ent sakazakiilAl MR 3.0%, Lysine
91.0%, Gelatine 0.0%, Sorbitol 0.0%, Ent cloacaeol

MR 3.3%, Urease 74.6%, Ent. agglomerans®l* Indole
37.2%, Ent. aerogenes®|A] Arginine 0.0%, Sucrose 92.2%,
Ent.  gergoviae®| ] MR 27.0%, Ent. amnigenusol) A
Arginine 22.0%, Citrate 100%, Sorbitol 46%, Sucrose
64% o2 747} BsHT)

WS, Ser liguefaciens?| Xl MR 33.3%, Ser. odorifera
o A1 gas-KIA 100%, MR 20.0%, Omithine 80%, Ser
marcescenes®| A1 Urease 83.3%, Phenylalanine 16.7%,
Ser: ficaria®l*l gas-KIA 100%, MR 100%, Lysine 100%,
VP 0.0%, Ser. fonticola®|Al Lysine 0.0%, Inositol 100%,
Rhamnose 100%, Amygdaline 100%%°]13%1 2.1}, Edward
B, Ser liguetacienso|*1 MR 64.2%, Ser odorifera®)
A gas-KIA 0.0%, MR 100%, Omithine 0.0%, Ser ma-
rcescenes A1 Urease 39.7%, Phenylalanine 0.0%, Ser

Sicaria® ¥ gas-KIA 0.0%, MR 14.0%, Lysine 0%, VP

79.0%, Ser fonticola® A1 Lysine 100%, Inositol 0.0%,
Rhamnose 0.0%, Amygdaline 0.0%%°]$1c}.

t. freundiiol M Citrate 40.0%, Sucrose 60.0%, Cir.
diver: susoﬂfﬂ Urcase 0.0%, Sorbitol 0.0%°]%1 21}, Edward
S Cit. freundiio| A1 Citrate 88.1%, Sucrose 16.8%,
Cit. diversusol~] Urease 85.8%, Sorbitol 98.2%0|1t},

Erwinia nigrifluens?)~1 VP 100%, Sorbitol 100%5 0]
o}, Edwards "S- Erwinia nigrifluens®|X VP 22.9%,
Sorbitol 2.8%% 2.2 Kt}

olate] A} lactose brothol|Ae] 7}~ 8271 KIA
agarol| A o] 7EAA {510 ThE FHE Holo] vt
W8, E coli, Es. adecarboxylata, Kleb. ornithinolytica.
Ent. intermedium, Sal. arizoae, Ps. aeruginosa 18]Il
Erwinia nigrifluens?I ¥ = Edwards "7} U 2|81 01} Kieb.
preumoniae, Kleb. oxvtoca, Ent. sakazakii, Ent. cloacae,
Ent. agglomerans, Ent. aerogenes, Ent. gergoviae, Ent.
ammnigenus, Ser. liquefaciens, Ser. odorifera, Ser. marces-
Ser.  fonticola, Cit.  freundii, Cit.
diversus ZL®]3L Erwinia nigrifluens)|Xe -8 Aghals]
Ziso] Wol veh AM2L el gy &8 7}

4] 98 Ao Alge

cenes, Ser.  ficaria,

=

mlm

Al LG Rl thaktare] 5 By
1997 6-7¢ A& RAFA
Ao 11259F Asks f2 oA

Ao

2%

Ao 2 AMaEhE ou|E zALsl A B AES AA)ET)
Aol olzH S AFY sk AEE Ao AMgslga, L9 S o
it 2475 IMVIC test?} API 20E kit(BioMeriux)E AMRsle] o Ha] 2435
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F A 136858 e s A3goh gt 2 4% 43 23850l Bel=HNeH, FEHES Escherichia
& 395(28.6%), Klebsiella £+ 323(23.5%), Enterobacter << 30522.1%), Serratia &d 195(14.0%),
Citrobacter &7 655(4.4%), Kluyvera & 457(3.0%) 2813l 718} 67(44%)2 e 28 4559 EMB
agardel FEr MAke =al 24 sgel 50.7%, BT 442%, A 510%E YEREI, PEIE smooth colony

64.7%, mucoid colony 34.6%, rough colony 0.7%2%. Z+Z} VEME
@%0) Ent intermedium, Ser. liquefaciens, Ser. marcescenes L&)l
Sal. arizoae®|Q 3L, H2SE AT hAAZT-O. R = Kleb. pneumoniae, Kleb. oxytoca, Kleb.
sakazakii, Ent. cloacae, Ser liquefaciens, Ser. ficaria, Cit. freundii “LE]3L Sal. arizoae®)AT}.

AR KIAYAM = gasE AR &

. A3 AF A lactose brotholl A& 715

ornithinolytica, Ent.

ol’del A= g

T AAPAE FE JEE NAF e B E coli, Klebsiella®+t T8 Enterobacterd-©|ith, B8+ 3
T a8 9A1EA EMB agar”"ﬂ"i A A gE g 9oz FEA g FoAIEo{A M, rough
colonys thigat Belold ALEle Zlo] & o= AlgHn). 8, Asled 44 48 Ay} 2% Feje] of

a8 74l 98 o Adesh
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