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oA A&} Al RE A3t Table 1). BFTGA], &, T
Z 1) RS AAsIHN e, Y] FEEAY FZE L2
B 1082 ol AerE S &, B - 316t B3} njyy
E 5 2RS35 A5 B 878 A gyl A58t
th HI7} 0 I AE A g, A5 A3 AR
= 4°ce] WA LEHE FABIEA AgAE eutstith

g2l - sitx By
=3 pHE 242 25719k pH meters ARS8t A= §7G
]}\-] z%g}.giq, AXA] 7“.’:\_(NO’ o}mqopﬂ Z].}:\_(NH +
N), 1% Q1(PO,*-P), 31814 *]'J—QL'—ILF*(COD ) &Y e
Eoll A AEE o R A F 48AIF ool 3783}t
A}, E SHYES BN HERFATIN DI 5L
AT GA I, 2831 American public health association®]
Standard methodsol] 2] A3k E-29314TH9-11).
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AIZE ool AESIAT. YAlTHE S FHIA ) A4S
A FEE ETIHAEA] (plate count agar)el] E“Wg—‘“ﬂ"ﬂﬁ Az}
o] 35°Coll Al 48A1T vt & AT, 8). el &
© A GFEAIE)eE 3t en, Ak A8 50mls
&J7}5} m-Endo LES gHu)A|o] &S th, 35°Col|A] 484]
7r ksl 544 BES de F& A FJ2hs AT,
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gl digk
ks o=, 170 AxelA H 8 FE7hA] del= 473
ste] EMB gHA](12)0] . FFsIom, o5 T HiA]
o Al eFate] a=EElstdth. EMB A 54543 3
g8 Ho|= AT API 20E kit (bioMerieux, France)S ARS8}
of Aoz IO, THZE(% id)°] 90% o)) T+
TS AsIaL, 90% PIREY 75 57884 gk (unidentified)
o2 et

FRAFANM 554 FEE Yel= =&
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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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A2
A= Al gl A =] - 318 B80T v E B Aol
A5 AAE 912rst7] 918 WindowsE SPSS v.10.0S A8-51]

=z

Spearman®] <=9V HAAIT(r)E T3I5ATH
2 1

X5l 22 - 55t £

og 12370 AT AL 17 AR Al AlglA A4
gt B - 38hd B a1 Hit, FY3k(median), kS
Table 20 “g2|atlct. 29 AR A Fda HAvige
ojEo] 72} 21.6°Ce} 28.1°C, A€o 10.9°CS} 19.5°CE A E0]
AR Eokon, B Yol w2 AJslro] & Aol
vm|Eklct. ZARAA A Askre] pH Bitd) Hige o5
o] Z+Z} 7.0% 8.5, A&l 699 7991, AE B FATGe

£ FElg Aol it 2 N0, N2 EARAIA
A Bzt TS 22 32 mg/LH 1.9 mg/LE Hito]l Y
gET Eorom, YT Fad S T 7P ot
7‘74 53mg/L3t 46 mgl.2 SAHAT. A 2] Holjk
, 735, i, FAIM Heg A7 10 mgLE Zats)
Aoz yeptt. ol 911% i&%l@ﬂw Hig Ao
o} F%5e 42 3.7 mg/Le} 2.3 mg/Lol AL, AlE-S el
247y 2.7 mgL# 14 mgLE SAE0], 9] AR A
& R o =RoE vAA). el ZE‘Z:\_(NH "
N9 B FEE 0.02 mg/Lolal, HNE 048 mgLE 9
& Fa7Ed 05mg/LliE} woron, oy Ao Jﬂ%
FAEL G T2k 29 ZARM E Aol7t giich
Aabg Aok PR e FE APolollE froAe] ol
‘$HBA7} I TH Table 3). v & HES’M e g
A8 Ak QPO -P)F COD,, = ZAsATh AF <l
(PO P)F COD,, 9 T=+=, ZANA A Hite] 24z
0.06 mg/L} 0.42 mg/Lo| AL, Hhzke] 2.06 mg/LZ} 2.70 mg/L
ojlom, M= o3l ko] A (P<0.05)2 YERNATH Table
2, Table 3). T3 Q13kA 91& Ak Ao}, COD,, & pHOFE
oFgl ko] A3 (P<0.05)7} STt} COD,, 2l 75 ol $1A]
g ZARA A ] itk F43ke] 24 0.46 mg/LY) 0.32 mg/
LE, A(E2 7l A AR Hrtah S4aed 0.39
mg/L7} 024 mg/lL Boh v g3kow, iy Q] Afoll= Al
B2 )9k o] AR CIA Z Aol 7} I TR BIAIA)).
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X|st=o| O|ME 2=

QA A gt Al A5 Gkl 5 ARk
(quartileyS H.4F= box ploto-Z YERNATHFig. 1). ZAMAH
AA 9] FUgke oS 30 CFU/MmI, AL 40 CFU/mIE 7A-&0]
AERT %o, PFFE FAke] AT A5 B 45
CFU/ml, A% 30 CFU/ml, €4+ 18 CFU/ml, %2} 15 CFU/ml,
g9+ 13 CFUmIY] o2 =901, Ae2 75 70 CFU/mI, ¥
AF 35 CFU/ml, 7% 27.5 CFU/ml, W9+ 23 CFU/ml, €4+ 18
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Table 2. Average, median, and maximum values of some physicochemical parameters in groundwater samples

Average+S.D. (Median/maximum)

P
Season arameter Overall Kyungnam Kyungbook Daegu Busan Ulsan
Water temperature (°C) 21.6+2.6 21.5+2.5 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)
i 7.0+0.7 7.1£0.5 6.810.8 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)
_ 32433 27123 3.243.6 5.3£5.0 3.743.2 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)
0.4240.50 0.42+0.46 0.52+0.61 0.28+0.28 0.16+0.08 0.44+0.4
COD,,, (mg/L)
n (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 12.3+4.5 12.443.7 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)
H 6.9+0.6 6.7+0.5 7.0£0.6 6.8+0.6 6.8+0.6 6.910.5
P (6.9/7.9) (6.7/7.8) (7.0/7.9) (6.8/7.7) (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
_ r -0.10 -0.22 -0.04 0.03
NO;-N N 111 79 114 114
N r 0.10 0.11 0.10 0.09 -0.11
NH, N N 106 74 108 108 107
POp r 0.03 -0.15 0.01 -0.06 0.23* 0.14
47 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®] A AthFig. 1). ZAPAA AA 9] AAHE913EGrd
quartileye &1E 105 CFU/ml, 7€ 300 CFU/mIZ YEh} Z o]
= 2AAA ] 25% oPdollA HeE $471ES] 100 CFU/mES:
27316t GFTHEEE AFole A, A, S, A
o= A, BE, T4, S4elA GuAllet 59 ARRERIRk]
100 CFUs/mks Z37}3}thFig. 1). 9, AlS2 )l X1
ZARA oA AubAlT 9] FURE o 28 CFU/MmI, A&
35 CFU/MmI, ol 9IXg ZAMA AN A 9] F4aS AAE 40
CFU/ml, 7& 70 CFUmIZ YelY, 93 AL B5F A&
THHT} 7ol X AFA o #2 FEE BATHAE 7
AA. AET AL 43 LubHTE 5= Alololl= F-2l4do] 2L
= AABATE glom, A5 A9 Ase] dild =
Fea} ko] AHHA (P<0.01)S UERN K Table 3).
ogtatel] vk FAAE A7E AFEH, Agole 12371

ZARAA F 5T A- 6%l 1) o)de] tiada gl
AEHA, ALd= 177 ZAA ZF 3970 A3 (33%)001 4
gt Jeto] AEH] AFY] AEFAH 47 o BATHFig.
2). PFFIERE A5 A A 240 AAH, BE 157 A
A, g ) AA, B2 ol A, 24 7l AR 2RE 4
Al A digetats AES = AL, Agdle Ad ol AA,
A5 1970 AR, o7 Ul A, F2F 7R AR, &4 30 AH
S ZHE TS HES & AT AESE el X
ZAAA Y] S AdEole 687 ZARAA F 51%<1 357 AH
oA, ALdll= 667 ZARAA T 32%%0 2170 AHAA] tfFT
T FAAE Folar, wHoll X8 ZARH A oE 5571
ZAAA F 40%2) 227) AN, AL 50 ZARAE = 35
%21 187 AA- oA gt I ATHALE. vAA)). it
FAANE FBY olF AFNA T 79 TYHS AF
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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, 7% 4 CFUmIZ oJE°] 7ZA&Ht} B =UAthFig.
3A). 35T AL SAT v = Alolelle fof o] A=
ABBA 7L ATk gtTe] HEE Aol AubAlTE
o] FYgHe JE 50 CFU/mI, 7% 150 CFU/mIE =350],
AZFHA e ARNA A5 ALY U4 20 CFU/mI B
ot o ES4thFig 3B). AF 12370 =AM F 1570 AH
(12%)7 A& 17N 2R3 F 2070 AR A8%)eIM =t
T HEHA Fpe Ikl e HeE FE71E 100
CFUMIS 23319, Aslre] UATTE 55 Ot 49
ko] AAAA (P<0.01)E HYom, ZAKS B - 31318 S48
A2h= FroAde] A= AAHTAZE JATK Table 3).

&z S8

o HEE FANE 23 ko m Yehd o8 19970, AL
o7l ks EMB HdulAol| Hx FFoH, U wiA|
o] dd&og AYsly A& 577029%), AL 2570Q27%)Y &5
S A8 & A EE$ o] Al EF EMB $Hdu)
A A4 FES uE= Aoz o2 57/ AL 267 A
2 08 ZARHY A2 RE fEskden, AL 257
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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) ZAAF o2 RE fEfslAthTable 4). ©)5 JES o
7O=, API 20E kit ©]&3ted Ae)H, Al 54 w&
SAAES FatPhom, olF AF 30N HEHeE 15 AL
1571 A4 65y FHos T4 5 AATHTable 4). &
g3t A% 3N i Al JeEe 12370 Z*Vl’élgl 15%¢1
197] A2 RE fEetla, AL 15971 JF 171 ZAA
7] 9%21 107 A ¥ o 2K E] TrEHo}‘iiOD% 1-5 V) Ao

BEHE 94894 Ae 2F UFTE AdS sl 5T &
AT
A= 7l = 543 30 JES A HH, Enterobacter 4

ol 202 7H& Wol R8T e 65%F AASAL,
Klebsiella 2:°] 47§(13%), Serratia <:°] 370(10%), Citrobacter
Z=0] 27§ (6%), 1831 Escherichia coli®t Pantoea spp.7} pAvA |
WA TH(Table 4). Enterobacter %2 7%, EEZ = E. cloacae
1070, E. amnigenus 97N, E. sakazakii 17§2] X5 H T
Klebsiella 42 K. terrigena 27M, K. pneumoniae 17§33
Serratia &5 S. liguefaciens 27H, S.  ficaria 170 93\_0_131,
Citrobacter % C. ﬁ’eundiiQ]- C. youngaeﬂ Z} 17 o]l AT
(Table 4). AL 2578 &= A3 1570 Aol 4
pneumomaeﬂ = 713 29 al, Citrobacter 9] C. youngae
&} C. bradakiio]l Z¥Z¢ 2709} 17N, Enterobacter aerogenes 270,
T18)3L Rahnella aquatilisS} Serratia rubidaea?} Z¥2; 17120]%

3 —r, Klebsiella
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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).

Al AT B4 99

TH(Table 4). 57 A&S A BF 75 1552 37 Al
TE A & Aotk A2 57T AT F 46%2 2670 AT}
AL 2570 = T 40%] 107 HEe FHEE% id)°] 90%
w|gro]ojA] ARE3F kit2 SQIER] ZRATHTable 4).

]

i

A ZAAA F AE 46%, AL 3% AsKE T
TR A FHoE AAHEJCH, AF 15%, AL 9%
A2 R g s Eelste] E18 4 AJT =5
AE 12%, A2 18%S] AR M=, ddde AEHA
Fkou Al = T HegE FAVES 233 o]
A& Ay= 1980 o]H wl= AlEA|ellA] 8 AE1o]
T HE WEETE WA 4S8 9 582 AL83}
= FHAHY AshrolA HYd mAEY 24 ThsAdel o
3] =25 AR 1970dY] w]= South Carolinad Al &A1Y
oA del= Aget 4607 AskF Al52] T 90%0] gl T
At g0l UAL28), 19808t West VirginiaT-ol| A= Al &
A9e] 697l A3t T 58%A o] AEEATH(I3).
19991 H]= WisconsinFol Al 507] R|skS Al-EE FALSH
A, 28%%1 1470220014 13] o) it vk Fe v
ERAATH(14). 3HA, 73F-9] 20043 A 3h= =AESF ] 9
Avhs, AR E T GIAITES 44%, g 9%ellA 5271
S5 293 Ao g Buskal Jrk®).

FHAHY AR E BT 7% 1589 a3 Alds
ekl gR1E 4 AT AT AlTS HFHE ATEY,
Enterobacter 30| 48%% A3 7FF ©ka, Lo =2
Klebsiella 45 26%, Citrobacter 5 11%, Serratia <5 9%, 18]l
Escherichia <, Pantoea <=, Rahnella 4:°] 2372} 2%Jth £EE

= E. cloacae 22%, E. amnigenus2} K. pneumoniae’} Z4Z;

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 >7
(26)
25
Winter (14)

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)

Klebsiella 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. youngaeS} K. terrigena’} 22} 7%, E. aerogenes<} S.
liquefaciens?7ty 2372 4%, 18] 3L C. braakii, C. freundii, E. coli,
E. sakazakii, R. aquatilis, S. ficaria, S. rubidaea 5°) 2%S 2}
ZBFGT). =19 ol & B, v Oregon= AlZA| 9 2] 7871 A
ol A= C. freundii®] 46%= 7V WSkl K. pneumoniae
18%, E. coli 14%, E. agglomerans 12%, E. cloacae 4%, E. hafniae
3%, S. iquefaciens 1% 59 T=AFTH24). AxEFY A5, AF
g3t SLFINAE E. agglomerans 33%, K. pneumoniae
27%, E. aerogenes 24%, E. cloacae, 7%, K. oxytoca 5%, C.
freundii 4% o] WIER FRIF3126), HFdAE K
pneumoniae 24%, E. cloacae 19%, K.
agglomerans 10%, C. freundii 9%, E. coli 6%, S. fonticola 6%
5o) SAZ BT, B AN B9 09le) A1 A
A SA7 2 F T E. colic 583 IFTT Al 2%
G, ) ZARRAANA T EE)=H AT v= Wisconsing=ol| A1
ZAPIME TS ek 50704 5 147020l AEE W
H, E. coli= 17120 A T S JeRIITH(14). g2 E
S AE FlE B T2 EAE, tidate] Aol 15
g 3R A1 AR Askd A 4 ¢
FAE oJulsly] gzl E&HR Ak #HE SlsiME
A RUEYA 73 E. colis o] AARBRs Aol I8
sithal wdEh 9j=e] oA & Nz #eE E
agglomerans= 2R 92] A stgol|A] A A 23k 1 (20,
24, 26), F2 EolX B W Ramella 48] Aldo] " A
<= ZHETh & Aol A HEET 2R E Ak
£ Ao, it Ao 290] ERIE Ftol ==
85 Azl Ao LAJA] viER M) /AR of e}
I AAEE T IR1E Ut At

Wt FHAIES 7B BE 244 Wi § Agsk=
O F HoJ 9lOtk9-11), ¥ AFelA= 48A7HA] uLAIE
AFsted S5 BES we S Atk 2423 wijF
T o FEAE e vER AR AF 4970 A3 40
%), A2 2370 A 20%)°1 ATk A 87 AT AL 1670 A
A 75 2473w Folle tidtt AR FAe R
o] YELHA] 43kot 48417 v el A AHZH A o5 A3 el
A B AT MdEe AJE E amnigenus, 7€ E.
aerogenes®} K. pneumoniaeZ FR1ET). $HH vAE AlEE
Mg A F FA] AlFstof ehal, B7Fsd 739 dukAllet
2 242, BT 304%E ool AlREtodor SEA|wk9), A
T FY APEE TS Y A5 AR Askee
A T 244870300 HIAUE = SAS 91 JFS skt o
A & Aol BaAzke] A3tel] o3 Asl Alge] v
Tt AFEF ool W vt TR F A9 AT
7 7Fs e ey I Aele =4 FodE} ddH v=
WisconsinTeoll A 333 28 A= 4°CE F-A5ke] Hish A8
o] A A F Ho® 4A7HAE BEAlgto] thadtte]
A& T FA 55 HAFT(17).

FAAIGAA tidtat Fos gl 2907 F2HS EMB

oxytoca 13%, E.

[o

o
it
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SR e Hx FEFIeH, 2454 BEs He 8271(28%)
o] Hgvrs BElste FHANES AT 5 ATk BSA &
g i) M EMB IR TS S FHA] &

FAAE A} FEoll AR viA] o] HEA xpo], FPAIR
Hi Rl A TR Algtrte] A wE gt Alite] w|ekgh
A7, AR AS Foll 71908 Aoz Bk $H T
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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.



