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ATHD). FHe] A F2 Fojae] B AN toldrr,
DTEFFAE, A8YTE o oz AgErE Tt
ReH, olE AR AlHY FHEde Ui Askro|t)h 2003
9 71ES R I AT oF 6% ol Aldd] ABLFE
oE3kaL 1o, oF 5% QTe F 5 o83 ArES
ol Astkre AEET 2L 8T ARSI ATk,

B} 3 3 A ojut 58 B8 sl HEde
HAA I E A& 2o 2R BEv) "Hrkn JAFAR
LEE AR, 3, A3z 2L vAE 299 943 A
Shroll M Aol o] BB UTh22). L EYoERE
1000 m A2l YA A= 2G4d] Aol AEEHe
tl(23), PSS HFEFoRe o5 FE 25, BEY IX, f
71E T, dol v T 22 EY @44 2913 vy &)
7], 2%, £8493) A=, BHe Ar)1F AA 53 22 AE
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stk S-890] Ay 43 Bd R AxrEe s
YutAlHEEEI S H AR, WD T, Escherichia coli $°) $)
O Yo R SAEE ATy dFe 71894 BEAd 7
Aol o, £ Ao ANk gty AES wEst
7% 16). NATTI Escherichia colis 79173 A F
2 YRlo] He EUA4 298 Adsle dEAQ] A FH|AEo
ok HTZole ABlrE tdom A Ao AE: 2 B3E
oA glom, Al liutele]ze] EAlof tldt 2ALE gol
= I 3lTh(14, 15, 25, 29). FTWHAAE A& Ala -2
R8RS JE, A3l Alg 39 F314 g 5 AEs
AS) wAEl B o] AT AL BEE T JUTHR-5, 18).
TR S T4 wet FUME Aske A=
Fe &9k AATHR), WATTFOE HEFHE AT tFA
Aldetd 54, 2E3 843 ale] Al thil Fr
- Aot} &3] tlgdTe] AEHE A3y B¢
3 RFLE FAH LR ARIske Aol 5&AQ Ase BlE
AWM= vl Basit) weir B Apode 4Ees 2 &
B2 ol 8HE FEAYY XN i B H o]
o YIS T FH8NS AR T, Xekra e dT Al
TS st oL 5448 golr iz} shuh
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oA R3S A8 S A5E A rk(Table 1). FATAA], &, THE
2 1470 ARE Ao, el FEEAY Hxsrey
B 108 ol NE5E Teind 7, B - S5pd 243w
B F 238 93 A9 BH 878 AMZ 2Estd A5Etd
o} H7) 2 G AFE &R wgkon, A Askr Alg
= 4°ce] YA E FR5EA Agas SukstT

22 - &y §Y

F23 pHe 42 2549 pH meterS ARSI A @R
oM Z4stgtt. A2 FANO, -N), FEUoM] AA(NH, -
N), 248 QPO -P), 315HH AHA 8 F7H(COD,,,) T FEHL
Aol Aret AEE R A5 F 48417 ool &3}
Aot BE SAYEL 34 deEA3AANEIY £4
FFAA L, 28]3 American public health association®]
Standard methodsol] 243} E-4331HTH9-11).

0|4 Ee Bx

Agkre] vAE F S-S A% HEL Alg T 2442 oy
o AP A= RS YH R I, AAFH O 2447
oluffel]l AFAZ 7HAE = gl A ARG Aol 48
AlZE oldlell &3t AR ESISH AR A5
ANEE FEHAA (plate count agar)ol] ETEHH o 2 HESF
o] 35°Col| A 48712 vl &St & AlF=3lHTh6, 8). T Tl 4
€ P GFAEAIR) R SH3 o, A3 AR 50miE
o7&t m-Endo LES SHHIR|ol] HEqH The, 35°CellA] 484
7 uoksle S44 B9e gde £ A JF3E AT,
11). '

&z ze 53

gt g FFAEANN 3454 F9E Yepe 28
s ez, Ul ARA Hdl s7) JAE7kA] dejz 44
ste] EMB 1uiA|(12)0] HzE FF3pd e, ol 54 ujA
o Al w5223k th EMB 3R R0l F45A4 B
8-S Ho|= AldS API 20E kit (bioMerieux, France)E AM-3}
o FgH o7 FAFAOH, FHLE% id)el 90% ol o
TS DAL, 90% BT 73-- 5A3EA] Z3F A (unidentified)
22 534

Table 1. Number of sampling locations within each provincial
administration district

Region Season .
Summer Winter
Kyungnam 38 35
Kyungbook 50 49
Daegu 8 6
Busan 17 17
Ulsan 10 10

Total 123 117
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AHEEA

A&k AlgolA B2 - 318HY B4 803 HAE 3 Ato]9
4% BAE THsh] $18l WindowsE SPSS v.10.0S A}-8-31
Spearman®] =S4 BAF()E T3

2 5

X 5tro] 22| - stEHY 5y

AE 12370 A AL 1770 K- A3k ABAAAM A
g &2 - 3183 $E a0 A, FYh(median), HFRE
Table 29 A2|aATh =29 ZAXH A Hay Hgke
AEo] 747} 21.6°C9} 28.1°C, 7€) 10.9°C9} 19.5°CE A E0]
AgHT wkor, 39 P70 B X&) £ Jol=
wlulatETt. ZAAA WA Asee] pH o Hjge 98
o] Z+zt 703} 8.5, A=) 6.99% 7.99%, AE L FHFH

£ F33 zole gk A AANO, N ZARA
AA Bags 247 247 32 mg/lH 1.9 mg/LE BTo] %
FED Fon, AT Hay FUL 77 7 Eot
217} 53 mgl? 4.6 mgLE SAEACE A AA] Hulzk

2, 2%, 4P, 2ol HeE FAVIE 10mglE 293
€ 20z itk Foll A% A6 Ay e
b

B T4 42 3.7 mgLi 2.3 myLolRL, A(E-& Tl
A 27t 27 mgle 14 mg/LE SHF ], 79 FARHNA
AEE PR o ERTHAR A A)D. RV oM AAWNH,'-
N)e B FEE 002 mg/Le|lL, Htighe 048 mg/LE Wi
E 727180 0.5 mgLET @ekon, rujoly Aol Hi
I FUFE AE2 Ty T ZARR A F Aoz} AT
A Ade) GRUolg Ao FT AlelolE foide] e
AEDA 7} ARATHTable 3). FAE B E9ke] A4S AuH 7|
Azl A4E PO, -P)yH COD, = SAFAT ANE <
(PO, 7-P)T} COD,, 9 FEv, ZAXAE AA Hgo] 7
0.06 mg/L¥} 0.42 mg/Lol 131, Hthgko] 2.06 mg/L3 2.70 mg/L
oo, Mz kgt ko] APEA (P<0.05)E WERNATH Table
2, Table 3). BE3F A 12 A4Hg 244}, COD,, 2 pHOME
oFgh oFe] AHIA|(P<0.05)7F AT} COD,, &) S Tl HA
g ZARA A NM Y B} ko] 42 046 mg/L 032 my
LE, A& ol 9% =A% Hadt S 039
mg/LZ 024 mg/L 2o} O E%ow, ik <19 Afde A
&L Ty} 2 AR A & zel7t gIATHAE HIAIA)).

X|5t2 o|dE 2=E

A FAA AN A3k A8 AT 5 AR
(quartileyS R.JF= box ploteE YERASITHFig. 1). ZARA
AA 2 FYge HdF 30 CFUmI, 7AE 40 CFUMIE AL0]
AEFET ko, PAFAE FUpY] B9 A5 B 45
CFU/ml, 7+ 30 CFU/ml, 24} 18 CFU/ml, ¥4t 15 CFU/ml,
T 13 CFU/MmIS 202 %31, AL 38 70 CFU/ml, ¥
2+ 35 CFU/ml, %3 27.5 CFU/Mml, ™7 23 CFU/ml, &4F 18
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Table 2. Average, median, and maximum values of some physicochemical parameters in groundwater samples

Average+S.D. (Median/maximum)

Season Parameter Overall Kyungnam Kyungbook Daegu Busan Ulsan
Water temperature (°C) 21.612.6 21.582.5 22.0+2.9 21.0+2.4 21.842.6 20.1+2.3
P (21.8/28.1) (21.0/26.5) (21.8/28.1) (20.9/25.1) (22.2/27.0) (20.0/24.3)
H 7.0£0.7 7.1£0.5 6.8£0.8 7.0£1.1 7.0£0.6 6.910.6
p (7.0/8.5) (7.0/8.4) (6.7/8.0) (7.0/8.5) (7.0/8.2) (6.9/7.8)
_ 3.2433 27123 3.243.6 5.34£5.0 3.7£3.2 1.8£2.6
Summer NO, N (mg/L) (1.9/15.7) (1.5/7.8) (1.7/14.8) (4.6/15.7) (2.9/11.6) (1.1/8.5)
NH,"N (mg/L) 0.02+0.05 0.03£0.08 0.01£0.02 0.01+0.01 0.02+0.01 0.04£0.05
4 (0.01/0.48) (0.01/0.48) (0.01/0.11) (0.00/0.03) (0.03/0.04) (0.02/0.16)
PO,-P (mg/L) 0.06+0.21 0.02£0.02 0.11£0.33 0.04£0.06 0.03£0.03 0.04£0.04
4 (0.03/2.06) (0.00/0.06) (0.03/2.06) (0.02/0.18) (0.02/0.09) (0.03/0.14)
COD,, (mglL) 0.4210.50 0.42+0.46 0.52+0.61 0.28+0.28 0.16+0.08 0.4410.4
Mn (0.25/2.70) (0.34/0.91) (0.29/2.70) (0.20/0.78) (0.16/0.29) - (0.28/1.41)
Water temperature (°C) 10.9£3.9 9.613.1 10.9+4.2 12.344.5 12.4+3.7 11.4+4.0
Winter P (10.0/19.5) (9.2/15.0) (10.5/19.2) (14.2/15.9) (13.5/19.5) (12.4/16.0)
n 6.910.6 6.7£0.5 7.0£0.6 6.840.6 6.8£0.6 6.9£0.5
p (6.9/7.9) (6.7/7.8) (7.0/7.9) (6.8/1.7) (6.8/7.8) (6.9/7.5)
Table 3. Spearman's rank correlation coefficient between various parameters (summer)
Water temperature pH HPC Coliform NO,-N NH,"-N PO, P
r -0.04
pH N 83
r 0.34** 0.07
HPC N 115 83
. r 0.18 0.13 0.25%*
Coliform N 115 83 118
_ T -0.10 -0.22 -0.04 0.03
NO;N N 111 79 114 114
T 0.10 0.11 0.10 0.09 -0.11
NH,-N
# N 106 74 108 108 107
PO >.p r 0.03 -0.15 0.01 -0.06 0.23* 0.14
4 N 106 75 108 108 105 101
COD r -0.00 - 0.24* 0.13 0.13 0.07 0.04 0.25*
Mn N 110 79 112 112 108 103 104

*:P<0.05,**:P<0.01

CFU/mI®l &4 ATHFig. 1). ZARAF A AR A3 (Grd
quartiley® &2 105 CFU/ml, A< 300 CFU/mlZ YER} o]
= AR 25% o) el At HeE 27EQ 100 CFUMmEE
29 R FIEEE JS8oe A, 2, 24, A
Zolle A, AE, i, S4tolA] ARbMld o] ARSIkl
100 CFUs/mt& =33t thFig. 1). 9, AlE2 7)ol A
ZAA oA LREAITT 429 SR> 9 E 28 CFU/MmI, A&
35 CFU/ml, ¢ A8 ZAAHA A e] FU3h2 AF 40
CFU/ml, 7€ 70 CFUmIE Ueh}, J83 #AE 25 A)Ee
THETH Toll YAT AN O L TS BATHHE v
AAD. A& ALl 237 AAlE 5 Alolols -FAdo] 9
= AHEAE Ao, AEe AS AskrY dukld e
3} oko] AT (P<0.01)E YERRITH Table 3).
gaoll ek 8418 ANE AWEH, JFEs 12370

ZAARE T 570 AH-@6%)A 1] ol g Wi FHEtol
AEHAL, AT N7 ZARAE F 3970 AHGE3%)NA
g eto] A& 59 HEAH 7} B BUTHFig.
2). FFFPEREE A5 AF A 240 A, BE 190 A
A, A7 7 A, B4 ol A, 24 7 AR o2 RE 4
Aol A tATFE AEY = AT, ALl g ol A,
A5 190 AA, v R AR, R4 0 AR, &4 3 A
S ERE WAATE ASE AR G2 Pl AR
A A A= 687 ZARAE F 51%8] 3578 A
N, ALl 667 ZARAE F 32%S] 2170 X FllA tit
T FAHAE oI, ol YXIT ZAAH M= AE S5
ZAR F 40%%1 2278 AR ANA, AL 51 ZARRAE F 35
%31 187 AA-oNA it I RTHAE HAA). FE
FANE F39] olE AN T 7Y FEEE A
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Fig. 1. Box plots showing the quartiles of heterotrophic plate counts
in groundwater of Yeungnam province sampled during summer (A)
and winter (B) seasons.

20 CFU/ml, A€ 4 CFUmIZ &§°] AR} o EUTHFig.
3A). A& ALl S UIFTT F Aol frelAdol e
BEBAE QAT I AT AEE AHCAN dukAF
9] FUge JE 50 CFU/MmI, AL 150 CFU/mIE &350,
AZHA G2 AN A8 ALY T 20 CFU/MmI B
t} o E=chFig 3B). A& 1237 2AAAE 2 157 XA
(12%)% A& 1170 Z2AAH F 200 J-H18%) AN N
T2 ASHA ggey dikid = HeE $EVE 100
CFU/mIE 2333t A ko] tidas v dikid 59
oko] A@TA (P<0.01)E BP oM, ZAR 23 - 315t4 F4e
7= 9ol e AFTAIZE IATH Table 3).

&zre 53

WA FAAE 239 PP yehd JF 19970, AL
9170 kS EMB SHul Ao A2 HEsH o, FU3 ulx|
o A& 2 AUt A 5770 (29%), A2 2570(27%)) &5
RS 9& 4 UATh B3 o]E T2 BF EMB 3HdH|
Al A 344 FHE We AR, 9F 570 A 2600 A

E o0& AR Aee2 e festdon, AL 2570 I
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Fig. 2. Diagrams showing the-number sampling locations where
groundwater showed positive for coliform bacteria (presumptive test)
during summer (A) and winter (B) seasons.

& 1] AR 02 RE FASSTHTable 4). 15 H2He o)
2, API 20E kitS ©]8-3t] AejH, Assta 4o we
SEAEE Fel e, olF AF 38 FeE 118 AL
1578 HH(E 63y AR 588 + UUTKTable 4). 5
A A5 3K o AlE JEhe 1237 2ARRAE Y] 15%
1978 A e 2RE FAetAL, AL 1578 Je 177 A
A9l 9% 107} AFHLZRE Fesiden, ol o) AHe=s
FEe A8H AL 25 W Ais Bl 538 &
USATH.

A5 570 F TR 30 FE AHEE, Ewerobacter %
ol 2072 7F¢ ®ol A Y 65%E AANAL,
Klebsiella 40| 47/M(13%), Serratia 4:°] 37W(10%), Citrobacter
2=0] 270(6%), 123l Escherichia coli$t Pantoea spp7} 22 1
N K(Table 4). Enterobacter 42| 7%, TEEE E. cloacae
1070, E. amnigenus 97N, E. sakazakii 1719 EXZE ®BJc}
Klebsiella %2 terrigena 27N, K. pneumoniae 17},
Serratia 42 S. liquefaciens 29N, S. ficaria 17192,
Citrobacter %2 C. freundii®} C. youngae7} Zt 17120t
(Table 4). AL 257) & 533 157] A= A$, Kiebsiella
preumoniae’t $NZ 7V XL, Citrobacter 42 C. youngae
2} C. braakiil 22y 2709} 170, Enterobacter aerogenes 271,
2383 Rahnella aquaﬁlis—g} Serratia rubidaea?} Z}2t 17120
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Fig. 3. (A) The quartiles of coliform bacteria in groundwater samples
which were positive for coliform bacteria (presumptive test). (B)
Comparison of heterotrophic plate counts between groundwater
samples of coliform positive and negative (presumptive test).

sl AT A 99

THTable 4). FEF AL X EF 7% 1559 gL Al
T T & A3 A8 5770 AT F 46%2 2670 Atat
AL 2570 A= F 40%20 107] HFe FHHE®% id)e] 90%
u]gto]oja] ARR-E kitZ EH1EA] UYTHTable 4).

I #

A AR F AF 46%, AS 33%2] A= BT T
FHAE A3 Fdoz BgHYLH, AdF 15%, AL 9%
A2 5E e Aldg welstd g1 o+ ARt =3
AE 12%, AL 18%S] ZARAHANAME, WFdEE HEHA
@ekort Advbilg = I AeE £271EE 293 ©]
2% Zake 1980dd o) wIF AlZA A FE Aslge]
AT A& NERTE S AE8ES 2 5852 AMRS)
< FEAGY Aslrelx B PES] 24 7Fsgol |d
3] w52 AT 19704 WS South Carolina™ AlEA]1Y
X YJE AT 46070 Askr A5 B4 90%0 el A o)
AT 2] ANI128), 19803t West VirginiaTFoll A= A
299 69/ sk F s8%elA tigTel AEHATHII).
19991 W= WisconsinFolA] 507} X|Skrs AdE2 A
A3, 28%3] 14704004 13] o tiddTel o Fe
ERSATH(14). 3HH, $745-9] 20049 A3l A5 L] £
A, AR F GiAITFE 4%, IEL 9%l a7
8 2938 Aoz Bl Yrks).

FEAFY AR HE BT 74 153 UATET AdS
ety #R1E o AT 54 Alas SEE AEEY,
Enterobacter 4:°] 48%E AR5l 714 ®gkw, thgo=
Klebsiella 4 26%, Citrobacter 45 11%, Serratia & 9%, 181
Escherichia 27, Pantoea 27, Rahnella 0] 747} 2%ttt £E2
¥ E. cloacae 22%, E. amnigenus®} K. pneumoniae?} Z+Z}

Table 4. Tentative identification of coliform bacteria from groundwater samples

Season  # of colonies isolated (sampling locations)

# of colonies identified (sampling locations)

Identification (# of colonies)

Summer 57
(26)

. 25
Winter (1)

Enterobacter cloacae (10)
Enterobacter amnigenus (9)
Klebsiella terrigena (3)
Serratia liquefaciens (2)
Citrobacter freundii (1)

31 Citrobacter youngae (1)
(19) Enterobacter sakazakii (1)
Escherichia coli (1)

Kilebsiella pneumoniae (1)
Pantoea spp. (1)

Serratia ficaria (1)
unidentified (26)
Klebsiella pneumoniae (8)
Citrobacter youngae (2)
Enterobacter aerogenes (2)
Citrobacter braakii (1)
Rahnella aquatilis (1)
Serratia rubidaea (1)
unidentified (10)

15
(10)
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20%, C. youngaeSt K. terrigenaZ} T 1%, E. aerogenesS} S.
liquefaciens7t ZYZ; 4%, 21813 C. braakii, C. freundii, E. coli,
E. sakazakii, R. aquatilis, S. ficaria, S. rubidaea E°) 2%%E =}
2131k, 259l A& B, IS OregonT AlEA|H] 7870 A
B ME C. freundii®l 46%E 7 DAL, K. preumoniae
18%, E. coli 14%, E. agglomerans 12%, E. cloacae 4%, E. hafriae
3%, S. iquefaciens 1% 591 TAHUTH24). AEFE] B, BT
28t S8 M= E agglomerans 33%, K. pneumoniae
27%, E. aerogenes 24%, E. cloacae, 7%, K. oxytoca 5%, C.
freundii 4% T2 RNEE BFARAT26), YFAME K
pneumoniae 24%, E. cloacae 19%, K.
agglomerans 10%, C. freundii 9%, E. coli 6%, S. fonticola 6%
9 M BSITH20). & A7elM F94 299 7P A
Hel 247} B % UE E colic THS HAEE AT 2%
A, 1) ZARHOAR BEHIIT B1% WisconsinFol ]
ZAINE g2 Ak sol4 5 147ha0lA HEE §
%, E. colfe 120AT 98 LERRRITH14). B
Uz A8 Tl Be F2 EAsY, AT Te Aol 2
P 3R 999 ATeblncke A3 A 24 9
B4L omlal) BEoll), BEH Aske BlE AsiE
A BUHHA] T E. colis 2ol AR Zo] 38
ta #oEd =59 qex & WEE #29 E
agglomerans= Q@A G| X340l A A=A %2 (20,
24, 26), T2 EollA L) =)= Rahnella £2) Alito] 1€ A
L Zulgth B dPdAE A HEESTLERE Aske
A3t o, it AT Lol E9ld ol gz
7% Agke AAY] AJ[A] wieERAA ] 2dQ1A] ofF-ef
T gavE 55 ¥ Hart vk

ot AR A BE 24412 wilek 3 B

oxytoca 13%, E.
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o F44 FES ve JFE At 2448 o)
F T FAAE FEE vERd AL A5 497l AFH @0
%), A% 237 A @20%) 10T dF o AHT A 1670 A
o] e 24A2F BlF Foll= AT FHAIE e J
o] YEREA] 932k o1} 48A13F vl el A A E T o5 Al
A B a3 ET Ade A8 E amnigenus, & E.
aerogenesSt K. pneumoniae®. 1= 30C) A v|AE APE
AgE Ag F FA] AlPstdor sta, Erbed ¢ ARl
& 24XZE, TS 3041%E ool Al stedof skAITh9), A
I 2 AEHE 7S 7 GUY AR AR Adkae
A F 24487310 PIRBE = S 9 FTS 8T W
2gha] B Aolr] BEAIZEY o] % Aakgr A5 iR
T APE olo] ME AT FAAE HE A A4
7} 7Vs8e lod o Aol ZA o AdEd. v=
Wisconsing=ollA 83t A8 F3t= 4°CE FA8k BAS A8
o] B g F Hol= 48AZhAlE BaAZo] tideT e
Agol S FA B2 BAFH(17).

FAAFANAM g Fge= R 2907 &S EMB
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Al Hx HFslon, 354 FHe de 8270(28%)
9] RFe Felsle] $AAEE AT & Ak BESA #
g O] e BMB FANA S8 3FE A &
stor, AR 31kl - EMB AN S4B

8
giu)
tilo

iAo e Aol Ao wE dlds Mld v)ekst
AR, AgAre] A ol 71913 Aoz ®elt) 3 FAHAE
< 33 sl et F 3670 A= 4%)y SHEE] 90% PNk
ojojd BAT ¢ fle Aoz WAL o)5 F=o] EMB
AR oA FEA FES wA| Tt gl £31A] e Al
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ABSTRACT : Distribution and Characteristics of Coliform Bacteria in Groundwater of Yeungnam
Province
Inhwan Lee!, Sookyung Kim', Yunhee Choi!, and Jongseol Kim'** (!Graduate School of
Education, and ?Division of Biological Sciences, University of Ulsan, Ulsan 680-749, Korea)

To evaluate bacteriological water quality of groundwater in Yeungnam Province, samples were taken from 123
locations during summer and 117 locations during winter. The medians of heterotrophic plate counts (HPCs)
were 30 CFU/mL for the summer samples and 40 CFU/ml for the winter, and more than 25% showed HPCs
higher than 100 CFU/ml. Coliform bacteria were detected from 46% of the summer samples and 30% of the
winter. In these coliform-positive samples, the medians of coliform counts were 20 CFU/ml for the summer
samples and 4 CFU/ml for the winter. Genera such as Citrobacter, Enterobacter, Escherichia, Klebsiella, Pan-
toea, Rahnella, and Serratia were identified from the coliform isolates; among them, 48% were members of the
genus Enterobacter. While E. cloacae, E. amnigenus, and K. pneumoniae were the most frequently isolated spe-
cies, E. coli was isolated only from 1 location. The coliform counts were positively correlated with the HPCs,
which also positively correlated with water temperature. The results of present study provide further insight on
the extent of groundwater contamination with coliform bacteria. .



