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Bacteriological and Physiochemical Water Quality of Seawater
in Tongyeong Harbor, Korea

Jong-Duck CHOI" and Woo-Geon JEONG

Division of Marine Bioscince/Institute of Marine Science, Gyeongsang National University,
Tongyeong 650-160, Korea

The bacteriological and physiochemical analysis of seawater in Tongyeong harbor was conducted to evaluate sanitary conditions. The
samples were collected at 6 stations established once a month from January to December, 2000. During the study period, the ranges
of temperature, transparency, chemical oxygen demand, dissolved oxygen, dissolved nitrogen, phosphate and chlorophyll-a were 6.8~
25.2C, 1.0~2.5m, 1.79~2.41mg/L, 5.7~10.1 mg/L, 6.59~10.53 yg-at/L, 0.56~1.01 yg-at/L and 1.21~9.54 mg/m’, respectively.
The viable cell counts of seawater in Tongyeong harbor ranged from 3.0X10‘ CFU/mL to 6.9X10° CFU/mL. The coliform group
and fecal coliform MPN’s of the samples were ranged 23~4,600 MPN/100 mL (means 540 MPN/100 mL) and 11~ 1,600 MPN/100
mL (means 210 MPN/100 mL), respectively. The coliform group was classified with IMViC reactions and pathogenic vibrios were
analyzed. Two hundred eighteen strains that were obtained from seawater samples in Tongyeong harbor represented Escherichia coli
group, 66.1%; Citrobacter freundii group, 11.0%; Enterobacter aerogenes, 9.6%; and unknown, 13.3%, respectively. During the study
period, infectious bacteria such as Vibrio cholerae O1, Salmonella sp. and Shigella sp. were not detected from the samples, but
detection ratios of V. parahaemolyticus, V. cholerae non-O1 and V. vulnificus were 10.0~30.1%.
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2o omAnh 9 2wty BEZozes Aivoez dAHe B
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Nojds 7A5E 2 AAY oF Fo] EXIR ot FIYL
dEe gAg Moz FAHE AJE tEAZE YFRODE
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St A detslge dg E8 33 ITEIE Cho
and Kim (1977; 1978)¢] A&z #39 B GY3ld B, Yoo
et al. (1980)0] &2, gt AEa 2AE 2 99 BE A7
S 9% Bay} gley (Choi et al, 1974; Choi et al, 1997;
Choi et al, 1991; Kim et al., 1969; Lee, 1993; Song and Park,
1991; Choi et al, 1998; Choi, 1995, Choi, 1999), ¥Wie] +3 %
AAd) B3 ATy Bue gX ge dFH ot
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Fig. 1. Location of sampling stations in Tongyeong harbor,
Gyeong-Nam, Korea.
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#Apo] FL, A% pH, §9E, £&344, chlorophyll-a §&
oA (EFM 1m9 5m £2)FH FAHYL, ¥ 753,

1
e AL TH, GYERE AEE AFAR StElo £43
At 2 2 FE44 (dissolved oxygen, DO)E &AM DO
meter (YSI Co., Model 58) 2, FHEE Secchi disk® =33 Y
o}, 318 A A 3 7% (chemical oxygen demand, COD)& 47}
2l FAYHraEY, chlorophyll-as @3AA FFHZ2 &
& T939A digital 333 %EA (Tuner Designs, Model 10-AU)
2 Y FAAAY. dFAF GF/CARHA (FF 47 um)E Al
8 500mLE o#3te Strickland and Parsons (1968)% | uhe}
gryords (AzHey), obdddL (Sulfanilamidest N-(1-

naphthyl) -ethylendiamined ©]4% NED®), A2 A4 (Cd-Cu
BABYG o] & AH=FEIY), Q4 (Ascorbic acid®) T
£335A (Shimadzu UV-160A)2 ZAAch §&34e &
EUolds, ofAMAAA, FdALy Fo2 Yd AEY
a7 sy, sehA AL TEHE g A 3L F
Y, galede Aoz BAsUY Ad4Y FA S ANEE
PPES-11 Wi oA 7947 wikd ¥ Jebd &E CFU (Colony
Forming Uni) 2 YetUith 844 A& A8 L 7= FDA
(1992) 8] Bacteriological Analytical Manualdl £33, A3
3 BEdA AFS v APHAY Recommended Procedures
for the Bacteriological Examination of Sea Water and Shellfish
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A8 3 594209 gl A YaFE, 48, 51
%, DO, COD, 9% %F $44F< Table 13 Zrh

ZAIZE F ZAE Y £ 68C~252C2 F4A 159CH
o 290 Wota g¥o] 7hA UG FEFEY W= 3011~
31472 FUA 3083 %01 290] EU4T 79 §Yo] W3t
o £&82E 57~101 mg/LE FEA T6mg/Lge™ 790} 7}
FRe Fg JEdY SRANLLTHFL 179241 mg/LE
FYA 200mg/L2 HEA A eI, 482 & A7t
ARt FHEAL 173~334mg/L B9, TYA 240 mg/Lol AT
Y2 790 BRI 190] W3tk FHEE 1.0~25m, TYA
17mZ 12€¢] 432 5437 79 $sith Chlorophyll-ac
121~9.54 mg/m®, $93 5.09 mg/m’E ZALE Atk

Axd 9 FEE 0.56~1.01 pg-at/L, TFA7F 071 pg-at/LE ¥
B2y 2 A7t gtk gRYet Ahe 378~835 yg-at/L, F
%A 511 pg-at/Lol Fek, obAEA AAE 0.54~1.65 pg-at/L B
2 FYAE 088 pgat/LAT A ALE 043~2.55 pg-at/L H

Table 1. The mean values of physiochemical water quality in Tongyeong harbor, Gyeong-Nam, Korea, 2000

Date Temp. Trans.  SS COD DO Sal. Nutrients (pg-at/L) Chl-a

© (m) (mg/L) (mgL) (mgL) (%) NO~N NO,N NH-N PO, P (mg/m’)
Jan. 18 8.3 20 173 241 67 3087 0.4 1.74 835 101 9.54
Feb. 17 6.8 20 220 193 78 3147 1.30 0.66 586 0.72 1.21
Mar. 24 108 1.0 183 224 101 3109 131 043 557 0.56 222
Apl. 13 13.1 12 241 211 83 3011 0.66 237 495 075 282
May 5 157 11 22 202 85 3121 0.71 1.32 456 0.65 8.42
Jun. 21 19.8 23 278 198 57 3102 0.86 103 485 0.61 9.28
Jul. 26 2.3 11 334 1.79 67 3024 0.78 255 378 0.72 675
Aug 22 252 13 255 198 76 3026 0.98 224 395 0.66 475
Sep. 26 230 20 245 187 65 3072 1.65 1.56 468 0.75 3.68
Oct. 7 218 20 252 192 78 3104 0.54 173 546 0.76 347
Nov. 18 145 20 249 202 82 31.05 0.62 193 487 0.75 475
Dec. 20 98 2.5 2.2 1.84 78 3092 0.70 1.68 445 0.62 413
Over all 159 17 240 200 76 3083 0.88 1.60 5.11 071 509

Trans., transparency; SS, suspended solid; COD, chemical oxygen demand; DO, dissolved oxygen; Sal, salinity; Chl.-a, chlorophyll-a.
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9, FYA 160 pgra/LF o, £EALE HA 659 pg-at/L, 3L
10.53 pg-at/L, $FA 7.59 pg-at/LE FAEH AT

T9Y U Z4 AFAN ZARUINE o} &3] AAE AA9
Hold 747%, COD B #3E E4ZAHAE Table 29 2t
Table 2. The mean values of COD, sulfide and ignition loss

in the sediment in Tongyeong harbor, Gyeong-Nam,
Korea, 2000

COD (mg/g) H:S (mg/g) IL. (%)
Station
0~3 3~5 0~3 3~5 0~3 3~5
cm cm means cm cm means om cm means
St.1 4892 2689 3791 022 018 020 1Ll 100 105
St.2 3184 1862 2523 018 016 017 104 88 96
St.3 3574 2962 3268 019 015 017 102 86 94
St4 4253 4185 4219 021 019 020 7212 12
S5 3675 347 M1l 02 018 020 100 70 85
St.6 2695 2382 2539 020 016 018 91 86 89
Means 3712 2871 3292 020 017 019 97 84 9l

COD, chemical oxygen demand; IL. ignition loss.

ZARNY A9 AR THE HEA 2695~48.92 mg/g,
3~5cmoA] 18.62~41.85 mg/g2 2 4% 71F< 200 mg/g (Choi
et al, 1997)& R 234391, 38 A FFAM 0.19~022
mg/g, $FA 020 mg/g HHE FILE71E 020 mg/gs 2243
Aot AR EE BFolAM BT 97%, 3~5cmollH 84% 22 H
T 91% 2 Vel A EE 2 o) Vel A kAR th
A FL @S e

2. s MZEY MY

1) HMXFMTe &2t

ZAHY ol U gATE, BHA UAT L 4TS5 B4
ANE 9¥2 FE3 Y Table 39 YERAUT

FANZE F 4y 4948 AT mlT logtE 42~68 (30
X10*~69X10°CFU/mL) M9 ol B 530|9ith dEz
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d5e) AAET T 23~4,600 MPN/100 mL B2 4«
540 MPN/100 mLe] e}, &34 olAF& 11~1,600 MPN/100 mL
¥ 7 YA 210 MPN/100 mLo| {Th,

2) tiEAZe =4

M HEsHe LEARATY 24L gdsid FdA 3
A3 AT L97154S 428 F 3l

AT T GG AN BHCZHE EMB agar %%l
guuokstd Q3T oz A= 218709 colonyE #H3A IM-
ViC testd] & £7E A =% A= Table 49 2t

AR EE a8 21870 colonyZ ol Escherichia coli group®]
144252 661%8 AASFHL, T F Typelol 565%2 AL
Bkt Citrobacter freundii groupe 24052 11.0%, Enterobac-
ter aerogenes group®l 21T FE 969%, 71et 2972 133%
Agatgich odd AFHY 2¥FE FAFANI Escheri-
chia coli type I (IMViC reaction ++——)0] A2 565%F
AN AL FHLZRE FUHAN AFo g3 BHe o]

FFE TAL Yse ¢ 7 UUT

3) YWHN M2 22

S8 va deb dald HeEA vEgede) oFHd Wie
HAEHI &L 98 EnoA #HAT 3tk (Chang et al, 1986;
1996; Kim et al, 1997a; 1997b). o] @FolA = 20009 48%H
114717 HaA vuged 2 dE Hd4 Agy Z2E A
en, I AFe Table 59 2t}

TAHU oA HAA AT HE S 93t 35 1,000 mLE
membrane filter2 o3 AFsto AGegc), TG 5o
Salmonella sp.cl\} Shigella sp.2 H&HA %t (data not
shown), Vibrio cholerae O1 %3 A&HA itk 28y V.
cholerae non-01& 79l A 109 Atolo] & 4878 A& F A
A& 104% 9 A&&E YEMNAL, V. parahaemolyticuse 4
428 108 Aol HEHIOH, HELLE 354%2 M

o

Table 3. The result of bacteriological examination of seawater in Tongyeong harbor, Gyeong-Nam, Korea, 2000

Coliform group (MPN/100 mL) Fecal coliform (MPN/100 mL) Viable No. of
Date cell count

Median Range %, >230 Median Range %, >43  (log CFU/mL)  Samples
Jan. 18 540 220~1,600 833 380 110~ 540 100 42 6
Feb. 17 730 220~1,600 833 230 70~ 1,600 100 4.8 6
Mar. 24 130 23~ 920 50.0 22 11~ 350 66.6 4.1 6
Apl. 13 240 170~ 920 66.7 75 43~ 460 100 47 6
May 5 730 350~3,500 100 350 43~1,100 100 54 6
Jun. 21 1,100 93~4,600 833 180 43~ 240 100 53 6
Jul. 26 930 240~4,600 100 240 39~1,100 833 6.6 6
Aug. 22 670 240~4,600 100 350 43~1,500 100 6.6 6
Sep. 26 750 93~2,400 833 240 75~1,100 100 6.8 6
Oct. 7 240 150~2,100 66.6 150 43~ 460 100 52 6
Nov. 18 230 93~1,100 833 210 23~ 460 833 55 6
Dec. 20 240 210~1,100 833 93 43~ 210 100 53 6
Over all 540 23~4,600 84.3 210 11~1,600 944 5.4 72
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Table 4. Classification of coliform group bacteria isolated
from seawater in Tongyeong harbor by IMViC reac-

tion
: Composition No. of strains/
Coliform types (p%) No. of tested strains

Escherichia coli group

variety I 56.5 123/218

variety I 55 12/218

variety 1II 4.1 9/218
Citrobacter freundii group

variety 1 110 24218
Enterobacter aerogenes group

variety I 41 9/218

variety 1I 32 7218

variety I 2.3 5/218
Unknown 133 29/218

Table 5. Monthly change and detection rate of pathogenic

Vibrio spp. from seawater in Tongyeong harbor,
Gyeong-Nam, Korea, 2000
b Detection
Vibrios Apr. May Jun. Jul Aug Sep. Oct Nov. Total ratio (%)

V. cholerae non-01 ~ 0/6* O/ 066 16 16 26 16 06 548 104
V. cholerae 01 0/6 0/6 06 06 06 06 06 06 048 00
V. parahaemolyicus 16 26 26 Y6 36 46 16 06 1148 354
V. vulnificus 06 06 O 16 26 26 16 16 T8 146

*Number of positive samples/Number of tested samples.

£} V. vulnificuse 7214 1149 Atold] 146%9 HEEE
Jehlideh, 2 M Fdgdelde B9 vEgdedo] 44dA
119 Aolel A%4Ho g AEEE ¢ & UL 53] 7904 98
Apolo] AZEgo] Eoton 1048 H Tide AFE XY

ZALA A WY Vibro BE &L V. parahaemolyticuse A
AFoNA 182~393% 2 A& g0l vlEZA Fhon, 67 ZAAA
Z St 29 St. 3N A= V. vulnificus®t V. cholerae non-O1<& A9
Az2HA G, 2 9 AHAM V. vulnificus$t V. cholerae non-
01€ 27 133~179% % 107~143%2 ¥ <8 H&&$ vy
it (Fig 2).
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Hong (1987)2 ¥ |34 welA AgAde 333 833249
488 59 £ £AL FAFAE AT, d5Hde
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Fig. 2. Detection ratio of pathogenic vibrios from seawater in
Tongyeong harbor, Gyeong-Nam, Korea, 2000.

o] ZA7} o|2oR FPTL Fuo] FAlo] Wi 2F L%l
fdgate] 4 &ty xatele AgHdE AY Ao o
232 HAEWA 1T o4 )& Bt (data not shown).
LENLE 57~101 myLE ©E G v i A e
wou & zole giglen oL Fgdel vl sFugol
HaA dojyr] gEez BdHAt.

4k FEE 0.56~101 pg-at/LE FHF ¥ 0.71 ygat/L
o], 4R & zol7t Al olAL thllelH HEEFIEY
Aol oy Wyt gl Aoz ARHY, gRYopad ofF
A ARALY Fo2 el &AL A ZAPHE 53
o 6.59~10.53 yg-at/L, BE 7.59 yg-at/LE Ve 0] R L §&
A Aeo] FAibutol M 030~197 yg-at/L (BT 0.83 pg-at/L), T
ol A} 0.08~19.65 pg-at/L (BT 4.68 pg-at/L)E B3 (Choi et al,
1997; Choi and Jeong, 1998) ¥ ZHE = 2ok, Jsfgte] ] B2
(Kim, 1994) € 0.64~107.05 pg-at/L. (B 13.03 pg-at/L)Ec} w3k
o HEA & e Ui AF e CODE 1862~4892
mg/g (B 3292 mg/g) 22 Choi et al. (1997)0] 4%+ AL
ZA A B1E 1537~4348 mg/e (BT 2447 mg/p) BT &} 2
o HEEEE B o $993I1EY 20 me/eE 2FHEYY. 9
FEE 949 B T3¢ Aoje YA £7171 Al vt
of o7t ¥ AFE Yeiig, F9% W #2329 €9, 33
AL T g HEte eAxst ¥%1, FAAPEEE g
o)zt JRem olFE AL BAAM FUHe Y eHs
#do] Ye AL FEHAL

u)39) FDANNE HF F49 883 £4 nat 87t
9, =A% sy, A, sANY §22 red (US
FDA, 1995), $-e2lugtel e s7talgel sgste A9E A3
qoz FFdd £&4 HAFYL AFHYeZ Az Yo
(Ministry of Agriculture, 1997).

o] ZALA Y §9% #59 T T 23~4,600 MPN/100 mL
(3% 540 MPN/100 mL) H 2, ¥¥A dAAd-E 11~1,600 MPN/
100 mL (393 210 MPN/100 mL) 2 554 HFAAA G
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57b71EQ dAE S BHANGES 230/100 mLS} 43/100 mL
ol NZEAL W, 71EE 2HE N &L 47 843% 9 93.1% 2
ettt &3 HF59 FIEE 70/100mLE 84 2739
A7t e AT FA7NFA FAFsez AT T4
€ 7HAor & Zloz AdHh BF 5 FY AdFE 30X
10*~69X10° CFU/mL2 2 FH3 G4 63X10°~6.3X10° CFU
/mL (Choi, 1999)2 B39 AR ¥4 ZAE Ath Sugita et al.
(1990)°] TokyoStelA wlE 7|4 Adse #4354 85X10~12
X10* CFU/mL, 3t&9lA 2.1X10~85X10*CFU/mL22 B3 g
vk =Y ojARGE TA vEhgTh

593 5ol A Salmonella sp.ol\} Shigella sp.& AEHA
Fho v AT ZEL B2 FFFNA E coli group®! 66.1%,
I FAM AYAA 28T 2 FRFATA E coli type I (IM-
ViC reaction ++——)¢] AR 565% & FAH A& FGgto
7t AF9 BWlo] A %S A3 USE Y 4 AU 2
2l AL & WYA vEEe T V. cholerae non-017}
104%, V. parahaemolyticus 354%, V. vulnificus 146% 9 7
22 Yl 2eln Eqdgode WA vrgedol 4
YA 1€ Aol A&Ho2 AEES ¢ F U 53] 7€
oA 99 Atole] HE o E}ov 10¥2H Hide A¥S
Bgth Chang and Kim (1977)2 5929 slFAX V. para-
haemolyticus7t 4% A2 ddn B3g ut 3, Seong (1997)
T3 FYAY sl M V. cholerac 018 AEHA ¥poyt V.
cholerae non-Ol, V. parahaemolyticus R V. vulnificus® HAZH
A1, 53 V. parahaemolyticus’t 7V} A& &°] Sty 1
o] £ dFolA Jebd Ate F X dd gty §93 4
g 9 3 F£2H B2A ALY e FEH
o] lojop & Aoz Agdch

Q ot
hed =

T4 U9 A5 2 AAY B 357 HYEH 54
Fo JAXNFANTS HES HEY ATy NEZA 39
FEBY ATHE FAo AFFA o] AESFH

ZA7E BEY e 7 68C~252C, FHE 1.0~25m,
3t A AL 9 TF 179~24] mg/L, FE4A 57~101 mg/L, §&
A 659~10.53 pg-at/L, 14T 0.56~1.01 pg-at/L, chlorophyll-a
T 121~954 mg/m* ¥ AEFEE 30.11~3147 e AT

E9% s AEre ZAVIT F mLE logF 7t 42~68 (3.0
X10*~69X10° CFU/mL) ¥l BT 53013t 9¥2E 1~39
o] HUL, 7~9¥o] Bl TFY W AT 843% 9} 93.1% 7}
HF4E8d £2A71F £ total coliform group@ fecal coliform
groupd 71&AE 747 2HFR.

) A-# Y& Escherichia coli group®] 66.1%& A 8%, 1
% Type 9] 56.5%, Citrobacter freundii group®] 11.0%, Entero-
bacter aerogenes group®] 9.69%, 7|€k 29FFE 13.3% ] 3423t
At 286 ARAHY LPFEY FAFATQ E. coli type 1]
AA 9 565%F A Y

E93l 5ol M Salmonella sp.t Shigella sp. 2 Vibrio cho-
lerac 012 BEEHA &% o} V. parahaemolyticus, V. vulnificus
2 V. cholerae non-0O1 9 HEEL 104~354% B350
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