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Sanitary characteristics of Seawater and Oyster (Crassostrea
gigas) in Goseong Bay, Korea

Sang-Jun Lee', Woo-Geon Jeong?, Jun-Ho Koo' and Jung No Kwon'

"Marine Environment Research Division, National Institute of Fisheries Science, Busan 46083, Korea
Department of Marine biology and Aquaculture, Gyeongsang National University, 445 Inpyeong, Tongyoeng 650-160, Korea

ABSTRACT

For the hygienic production of oyster at Goseong bay, this study investigated the marine bacteriological condition
of the area from 2008 to April 2009. Average seawater temperature and salinity ranged 2.8-19.3.0C and
32.61-34.91 psu, respectively. The coliform group and fecal coliform of seawater ranged < 1.8-4,900 MPN/100 mL
and < 1.8-700 MPN/100 mL, respectively. The coliform group of oyster (Crassostrea gigas) ranged < 1.8-13,000
MPN/100 g. Fecal coliform of oyster ranged and < 1.8-310 MPN/100 g. Only one of 140 samples was exceeded in
the U.S NSSP standard (> 230 MPN/100 g) of fecal coliform. Fecal coliform in seawater was on the level of clean
sea, below the U.S. NSSP standards, and the contents of fecal coliform and heavy metals in cultured oyster were
also below the U.S. NSSP, heavy metal standards, showing that the sea area is bacteriologically safe.

Key words: Goseong Bay, Oyster, Crassostrea gigas, Hygienic condition, Sanitary characteristics
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Fig. 1. Location of sampling stations and oyster farms in
Goseong bay, Korea.

o] AzALe} AibEE i o] At #et d7e
A2 ole AAelth. ANt 3] 2008 =0l A7 =2 o
A AR 745807 AgoA RAEE F AR oF
2%5 AAs= AFerale] Fo]Ao|m 2 (Oyster Hanging
Culture Fisheries Cooperatives, 2008) 3% ¢ kA A}
g o] shoto] g sict.

o] A= 7§1E‘1— Ak sHOﬂ_cq Ob\lx} 7~ sﬂ*sq _ﬂ/\gz‘ﬂ—
Al 2AAAE B R QT vlwsle] o
spetella, vl o =9 a5 FAA =S fATA
FAE Ete] AlFoEm e S ARSI
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1. ZAAF 2 A 24H

ATk JAFT 2 WA NATEY YARAE 2008
Q1958 20094 49744 4 13], 2071 AA- A A gk
e 20719 2AAAACNAM AFP F (Crassostrea
gigas) AET A 1aelA AP (Fig. 1).

s|pal et A RE A Tl BT AFEGeH,
A AF e gt Ld9S Fo17] S8 e AEEE He
AL, ‘ﬁ“ﬂ Ap71E AFste] AP AFH 7 A e
ofo]iut o) Y= AefellA AFAE FZck FAEE A
HAF “éih} &S At AFHE AR s AR
AAEE 5 2Rl 2 ke o] A3AR kit bl
FNEE 95 %—1% S i S & AE = g
5 (-20C) 2o,

o] 2 2 Qi dEAFASAY] (SBE-19, Sea
Bird, USA) & AM&so] 20081 795 20094 49714
ol A ASssict

AL 4 deAE @ SR TS o
g 2 A, AlBAEH - 6A1ZF ool &
AL AN ARe] oAbl A, g 2 EHANE
el =AL
Examination of Sea Water and Shellfish (APHA, 1962)
o) wet Al el g Y SHANE A AR
£ AE sAss 5/l Al AN, 24 A
£ A 2= Lauryl Tryptose Broth (Difco, USA) &, 24
A]84 ¥jx]2E Brilliant Green Bile Broth (BGLB,
Difco, USA) & AF&-3}e] 35 + 0.5C oA 24-484]7F wljoksl
o} FHA NG GAHAELS EC (Difco, USA) wlAE AF
83}e] 44.5 + 0.21C2] Water bathol| A 2447 wlj<kgict. &
ot AR hFE 2 BHANEES] 45 100 mL E&
100 g 32| %3 (Most Probable Number, MPN) & X%
Al ZAEY e AFAY HEs)e] 35 =+
0.5ColA 4847t wljokdt #=< (Colony Forming Unit,
CFU) = A3t

3|2 A EE vt 58 dF Al ¢4
#2)7]% (MIFAFF, 2009) 3 w|=2] s oFal7del digt A
3 #47]% (US FDA, 2009) °l &3ste] 7]stets H
(GM) ¥ Alak=l w2-9)e] 90HA 3t (90th) 2= ﬁ7}'5]'°d‘ﬂr

AR FEEEAS AEFA (2008) of wheh AAH
"154 AxEe FAReRE Yok (KFDA, 2008). 23 /\]

7l=&3 %2 ICP Spectrometer (Trace Scan
Advantage Thermo Jarrell Ash Corp., USA) & ¥43)
I, £ F4L NIC MA-2000 (Nippon instrument,
USA) & AR8-3te] 243k ZH7ke] Adalgd o2 d4e]
7ol 7P AL Ho ubeAtEe] st A=)

Recommended Procedures for th

¢

O
[oZ

Az o %

1. 359 guky &

200841 74¥-E] 20094 497MA] AuE FoFA] el A
AR 20709 AR A Y S $22 4.5-18.8T
3, 5] GE-e 32.61-34.91 WA} (Fig. 2).

3

2. A7 3

AP | 750t dl4e] Qs AlFes 42 A3= Table 1
3} 2t} sl giAET2 < 1.8-4,900 MPN/100 mL 9]
HAR, 71884 HF) estimated 90th percentile> 7}
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7} 2.7 MPN/100 mL, 13.8 MPN/100 mL ¢t} #37|c)%
T2 < 1.8-700 MPN/100 mL 2] ¥z, 7|3}sk2 A3}
estimated 90th percentile> 717} 2.2 ‘;-l 8.2 MPN/100
mL o|3ith 4 Alied £ Table 29} 2ok =A@
< A$E 7153 20084 695 Al9stie BT v shE$
*EEE:LE“ (U.S NSSP) 7]l 230 MPN/100 mL ¢]3}

SEAA gt AT A

FAAE R} (Table 4).
75l whe AlEhs AWk Table 49F 2ok 2R

WE S 15T ASE 68olgth B F AR 2
Aonth
o AN FRFo] Tha F/IE S FAT 4 gl
Fig. 2. Monthly variations in temperature and salinity of ey zAduke] e iR oofa|to]rE 7FSof o3
seawater in Goseong bay, Korea.
Table 1. Mean values of yearly bacteriological analysis of seawater in Goseong bay
MPN/100mL
Coliform Fecal coliform
Year No. of Spls.
> 230 > 43
Range GM"  90th? Range GM 90th
No. % No. %
2008 < 1.8-4900 3.1 20.7 7 3.5 < 1.8-700 2.6 11.3 12 6.0 200
2009 < 1.8-9.3 1.8 2.5 0 0.0 < 1.82 < 1.8 1.8 0 0.0 80
Total < 1.8-4900 2.7 13.8 7.0 2.5 < 1.8-700 2.3 8.2 12.0 12 280
DGeometric mean 2Estimated 90th percentile
Table 2. Monthly bacteriological analysis of seawater in Goseong bay (2008-2009)
MPN/100mL
Month Coliform Fecal coliform No. of
R GM  90th > 230 R GM 90th > 43 el
anee No. % ange No. %
1 < 1.8-9.3 1.9 2.8 0 0 < 1.8-2.0 < 1.8 1.8 0 0 40
2 < 1.8-2.0 < 1.8 1.8 0 0 < 1.8-2.0 < 1.8 1.8 0 0 40
3 < 1.8-2.0 < 1.8 1.8 0 0 < 1.8-2.0 < 1.8 1.8 0 0 40
4 < 1.8-4.5 1.8 2.1 0 0 < 1.8-2.0 < 1.8 1.8 0 0 40
5 < 1.8-6.1 1.9 2.7 0 0 < 1.8-2.0 1.8 1.9 0 0 20
6 < 1.8-4,900.0 104.7 1,984.2 7 35 < 1.8-700.0 42.5 447.6 3 15 20
8 < 1.8-49.0 4.9 16.9 0 0 < 1.8-20.0 2.8 7.7 0 0 20
9 < 1.8-49.0 2.3 6.1 0 0 < 1.8-49.0 2.1 5.4 0 0 20
10 < 1.8-13.0 2.4 5.7 0 0 < 1.8-2.0 < 1.8 1.9 0 0 20
11 < 1.8-7.8 1.9 2.9 0 0 < 1.8-7.8 1.8 2.9 0 0 20
Total < 1.8-4,900.0 2.7 13.8 7 2.5 < 1.8-700.0 2.3 8.2 3 12 280
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Table 3. Bacteriological analysis of seawater at each sampling station in Goseong bay (2008-2009)

MPN/100mL
Coliform Fecal coliform No. of
Station .
> 230 > 43 Spls.
Range GM  90th Range GM 90th
No. % No. %
1 < 1.8-2.0 < 1.8 1.9 0 0.0 < 1.8-2.0 < 1.8 1.9 0 0.0 14
2 < 1.8-6.1 2.1 3.7 0 0.0 < 1.8-2.0 < 1.8 1.9 0 0.0 14
3 < 1.8-49.0 3.0 11.4 0 0.0 < 1.8-20.0 2.3 5.1 0 0.0 14
4 < 1.8-22.0 2.6 7.5 0 0.0 < 1.8-14.0 2.4 5.3 0 0.0 14
5 < 1.8-130.0 2.9 13.2 0 0.0 < 1.8-130.0 2.6 9.4 1 7.1 14
6 < 1.8-7.8 2.1 3.9 0 0.0 < 1.8-45 1.8 2.4 0 0.0 14
7 < 1.8-49.0 3.5 15.7 0 0.0 < 1.8-49.0 2.9 9.2 1 7.1 14
8 < 1.8-130.0 2.5 10.4 0 0.0 < 1.8-49.0 2.2 5.9 1 7.1 14
9 < 1.8-56.0 2.2 7.0 0 0.0 < 1.8-26.0 2.1 4.7 0 0.0 14
10 < 1.8-790.0 3.3 26.1 1 7.1 < 1.8-130.0 2.6 8.9 1 7.1 14
11 < 1.8-1,300.0 2.9 26.1 1 7.1 < 1.8-490.0 2.6 14.6 1 7.1 14
12 < 1.8-4,900.0 3.4 47.6 1 7.1 < 1.8-330.0 2.5 12.4 1 7.1 14
13 < 1.8-790.0 3.0 23.1 1 7.1 < 1.8-220.0 2.5 10.3 1 7.1 14
14 < 1.8-790.0 2.9 22.6 1 7.1 < 1.8-130.0 2.3 8.4 1 7.1 14
15 < 1.8-1,100.0 3.3 27.8 1 7.1 < 1.8-700.0 2.6 15.6 1 7.1 14
16 < 1.8-2,200.0 3.2 33.8 1 7.1 < 1.8-48.0 2.2 6.1 1 7.1 14
17 < 1.8-130.0 2.4 9.9 0 0.0 < 1.8-130.0 2.4 8.6 1 7.1 14
18 < 1.8-34.0 2.1 5.7 0 0.0 < 1.8-34.0 2.1 5.2 0 0.0 14
19 < 1.8-41.0 2.5 7.3 0 0.0 < 1.8-14.0 2.2 4.1 0 0.0 14
20 < 1.8-170.0 2.4 12.7 0 0.0 < 1.8-170.0 2.4 9.3 1 7.1 14
Total < 1.8-4,900.0 2.7 13.8 7 2.5 < 1.8-700.0 2.3 8.2 12 12.0 280
Table 4. Effects of rainfall on the bacteriological quality of sea water in Goseong bay (2008)
Daily precipitation at the day Fecal coliform (MPN/100 ml)
b from sampled day (mm) No. of
ate
> 43 Samples.
Two days One day Sampled Total Range GM 90th p
before before day No. %
1/24 0.1 0.5 0 0.6 < 1.8-2 < 1.8 1.8 0 0.0 20
2/21 0 0 0 0 < 1.8 < 1.8 < 1.8 0 0.0 20
3/20 0.1 19.5 0 19.6 < 1.8-2 < 1.8 1.8 0 0.0 20
4/20 0 0 0 0 < 1.8-2 < 1.8 1.8 0 0.0 20
5/18 0 0 0 0 < 1.8-2 1.8 1.9 0 0.0 20
6/20 69.5 1.0 28.0 98.5 < 1.8-700 42.5 447.6 11 55.0 20
8/14 0 0 0 0 < 1.8-20 2.8 7.7 0 0.0 20
9/6 0 0 6.5 6.5 < 1.8-49 2.1 5.4 1 5.0 20
10/31 0 0 0 0 1.7-2 < 1.8 1.9 0 0.0 20
11/28 0 3.0 0 3.0 < 1.8-7.8 1.8 2.9 0 0.0 20
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Fig. 3. Monthly variations of bacteriological seawater quality
in Goseong bay (2008-2009).
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Fig. 4. Spatial distribution of bacteriological seawater quality
in Goseong bay (2008-2009).
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Table 5. Mean of Monthly Bacteriological examination results of oyster collected from Goseong bay (2008-2009)

Fob Ry 2 RTTE WAL <
137.1 MPN/100 g

. MPN/100g . CFUlgat35tC
Month Coliform Fecal coliform No. of
Range GM Range GM _>230 Range GM __>105  Spls.
No. % No. %
1 20-780 124.9 < 18-78 36.4 0 0 170-420 267.2 0 0 20
2 32.5-130 65.0 < 18-20 18.4 0 0 250-405 318.2 0 0 20
3 20-700 118.3 < 18-310 72.6 1 50  230-1900  661.1 0 0 20
4 < 18-20 18.4 < 18-20 18.4 0 0 415-450 432.1 0 0 20
5 130-130 130.0 20-20 20.0 0 0 170-170 170.0 0 0 10
6 640-640 640.0 < 18< 18 17.0 0 0 870-870 870.0 0 0 10
8 < 18-17 17.0 < 18< 18 17.0 0 0 280-280 280.0 0 0 10
9 13,000-13,000  13,000.0 110-110 110.0 0 0 720-720 720.0 0 0 10
10 78-78 78.0 20-20 20.0 0 0 590-590 590.0 0 0 10
11 45-45 45.0 45-45 45.0 0 0 240-240 240.0 0 0 10
Total < 18-13,000 105.2 < 18-310 29.9 1 7.1 170-1900 397.9 0 0 140

- 161 -



1000

—&— GM 230 MPN/100g
++O++ Geometric mean

D 900

=3

o

=

=

o

£

= 800

S

e 200 -

)

o

5 .

] <G o 0.

w ol o le) Veeoer Oeoees OreeesO fo A O
. . . . . . . . . . .
1 2 3 4 5 6 8 9 10 11 Total

Month
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o]t A AT M= < 18-310 MPN/100 g, 713}3+
2 AL 32.2 MPN/100 g =, )3 NSSP 7]&x]3] 230
MPN/100 g & 2338k A5+ 17122 10%2] 27455 |
eigleh. 2ARA R 9ol i W A o]
w5 A R, o] Al7lels 24 AFE <F 1-90
mm AE°] 757} lgith Ad4+ 170-1,900 CFU/g °=
AEHAAEAAE 71 oty 2AP|T Fot i
f= < 18780 MPN/100 g, 713}3H4 2 36.2
MPN/100 g, AN FFLS < 18-78 MPN/100 g <] H$]
= ez, 71818k HFe 21.1 MPN/100 g &, 1|3
NSSP 7]&x] olHglel A4+ 80-520 CFU/g HSR
B AEAAEAL] 714 oWtk
2Aduke el FAAAde] gl A¥A
.

Hll

] FolEow
< g a)Ael e gd]lo] ohE <l re) vlwA w2 Ho
s Ade] wEeTE SoleA] ot st F
ablla g bl &t vl FAH AL AelE A
: a1 el Alzhat (Choi 5, 1998) ol|A X
a3 I AFT < 18-16,000 MPN/100 g "¢, ¥4 A a7

o [

rl

fo ® o2

T- < 18-2,400 MPN/100 g 'H3]9} vlogls o dutdja
T2 vt o), THANETY A nAdvke] At
utof] ujel] AP e dde JIgE A e o Yehlor
A7) ket Ao g wdkdn) vAw FH F99] 94
Y37} sold 2 383l gl Aoz A= A|uk s
ok %Al ZUEFe] Had Zlog

2) 44

IAJuE ofAlEe] FE4 32 Table 69 2t} 7l=H9)
3k W= 0.14-0.57 mg/kg, ¥ 0.05-0.33 mgkg, <
0.0040-0.0760 mg/kg® AZ=gith

garadete] 29| st=g ¥ H4lE 0.36-1.56 mglkg,
W 0.07-0.84 mg/kg, 2 0.008-0.058 mg/kg® HIFT
(Baik et al., 1988), Kim % (2003) = wMit A% =9] 7}=
< 0.253-0.713 mgkg, ¥ 0.143 mgkg T
0.005-0.006 mgkg, 59 H JI=F 0.249-0.500
mg/kg, ‘7 0.864 mg/kg, T 0.007-0.015 mgrkg, 1A A}
ke Jl=F 0.329-0.986 mgrkg, F 0.299 mglkg, T
0.005-0.015 mg/kg® Bugith 2dAo g 1Aulo|A
kgl fAlze] qlEsigql A, Hub, At wsiA F
=& o] ¥ Zlem o, AEFA (2008) oA
AAsls AEAARY 55 AFI7EA (52 05
mg/kg ©|3}, ¥ 2.0 mgkg °|3}, 7F=#: 2.0 mg/kg °©]3hH
ojstz el ehAAo] ¢kugt Aoz ek

o 3% Y

1ARke] A &AL oAl & A 3
ZAsk A 2008\ 7HH-E 20099 497H4] S1AA <l =
AE AAAske, dA 2] 3

a2 AT DAl 7P we] H5ellA A
2% w7 Edstgl o, w5 NSSP 7IEAE 3 3

Table 6. Analytic result of heavy metal in oyster (Crassostrea gigas) in Goseong bay

Heavy metal(mg/kg, wetbase)

Oyster
(Crassostrea gigas) Ccd Pb Hg

2008 0.14-0.52" 0.11-0.33 0.0040-0.0140
(0.38 + 0.13)? (0.21 + 0.09) (0.0075 + 0.0023)

2009 0.29-0.57 0.05-0.28 0.0180-0.0760
(0.44 + 0.14) (0.13 + 0.13) (0.0390 + 0.0321)

Total 0.14-0.57 0.05-0.33 0.0040-0.0760
(0.41 £ 0.13) (0.17 + 0.11) (0.0082-0.0172)

YRange, ?Mean + STD
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