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Chemical and Biological Properties on Sanitary of Cultured Oyster
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Oysters Crassostrea gigas are a globally popular shellfish for human consumption. As filter-feeding bivalve mollusks,
oysters may harbor many microorganisms and chemicals that could pose potential human health risks. The objective
of this study was to investigate the suitability of cultured oysters for raw consumption or use in seafood products
by measuring concentrations of harmful microorganisms and chemicals in their flesh. Microbial concentrations in
cultured oysters were found to be: 1.0x10%-6.0x10* CFU/g (viable cell counts), not detected (ND)-5.4x10° CFU/g
(coliform bacteria), ND-1.3x10> CFU/g (E. coli), and ND-4.6x10* CFU/g ( Vibrio parahaemolyticus). Other patho-
genic bacteria, including Enterohemorrhagic E. coli (EHEC), Listeria monocytogenes, Staphylococcus aureus, and
Salmonella spp., were not detected in any samples. Heavy metal concentrations of cultured oysters were ND-0.239
mg/kg (total mercury), ND-1.091 mg/kg (lead), ND-0.968 mg/kg (cadmium). The concentrations of benzo(a)pyrene
ranged from 0.280-0.880 pg/kg. Paralytic shellfish poison ranged from ND-0.58 mg/kg, while diarrhetic shellfish
poison was not detected. No radioactivity was detected. These results suggest that oysters intended for raw consump-
tion or use in seafood products should be subjected to chemical and biological controls.
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22 22770, vEb A, B, 9 ofel Fgo] FRahEAL B Selbelola 2ol An sfRle olduk gl Aol Hg
2SI} 2L o] 7h AY ISHES BRI US A A 1090RE kS o 4A70) A% F2 nrle] A 4
o] ofufet ool oM F B9 Folhglol BT Al vlE|gw, o] 3 8YAK O] A WEE, AxF U B
AMoR o et aulAEol Y SAUT e dEL W 5t gL AgEe] e che Au|s sheke Uehygltt

5+ Ao th(Shiozaki et al., 2010; Chen et al., 2016). 2|1+ (Shin et al., 2002; Kim et al., 2005). 0|9} -2 2] AH] e
ol A =& | ZRE] Ao Eo] ghar, BAkFE 2| 10497E 2 ZT w2Hlo]# Ao ogk Ytk 4559 WY (Kang et al.,
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2016), o371 518} Sofl WE 4ketr] o] MR Qlsto] A=

RO TEOR 26lE 248 ekl otk 2 ¢ gEat
of ] 71A| g ETH 2 2 Ao BAGl0] B B

2 3lehA] 94 QP& Shistolof A S 71 4= qlrt. oF
Ak, 2 =o] FAERE S E Al R WA o4t
A Y, o] 7| 3L AAE A o w2 Sheske] 7, #lA
(FAIA )l o3t o5 SO R E opy| B YNtAlE, tiE
T 9 ABER 5} 22 nlAEekY oglguto] oljel,
F 345 Ak, W52, ZHAE ofste] o] of e )
2] PEEA S} 722 o]3fsHA 0 AT AR} Z)EhT 9
A o] ti(Koopmans and Durzer, 2004). ESF, 22 44 AJE]
S84 BAHdololA = o= HE Y e dS 9d 4= ¢l
< 8 ofue}, hrio] 4] g7o] 4] vnto] o] ek
(Kim et al., 2012). £3], Z-& Ho| 2 olT}s}o] 42|51 o]u)
TolojA] el oo 2|ofol A4jsH A olstary giaf &
QliEgto] of et nEo e L @Eo] & ke qlo] o] & A
Fgt anREol| Al of= Az fElE o ok Qlrk oY
eFSHolA 2 Zoll gt Ul 9] 71 4 9 et FET
A A HepaL QIeHKim, 2016).

oA, 29 9148 Aol iRt Aot 2o R ESHA 54

of tHet A-+(Chen et al.,, 2016), Tl Hig 2 & P (Kim,
2014), A=) wlzmldll 241 9 915 B7H(Jeong et al,
2010) OFA AL 0] L ZHo] 2| A A 73} Hhek(Yu at al., 2016),

AR gt HARs 24 W A EZAKKIm et al., 2016), 3j

wﬁd\_ U H(Jang et al., 2005) W o] 2] AHZFH(Kim et al.,
2012) 52} o] tpefsiA 28 vprt ik, kAR o] & A+t
= A4t e o] Ag 1t FYSHA] o @i Aol A =29
A A 5 150l FF o] Qlof AESHA, BfekH
9l 221E FAlo A2 = A Ak 7E A A st

B Tlo| A oFAAL A 1l FlR AR B A 2O] BESHA
2 oA Q4 QbHA)S ShE S| SRt UR9] A= ALY

Jol'

S~

o] A, T, A, A S ST 53 e v
2 B FE4, PAks, WA L T 4 51t 2L 8
54 E 4o} thsfe] Al molet.

HE U

]

Al Z(Crassostrea gigas)<
FARE LEE, of4:A] Qo 44
AA 24 2 7H7gellA 2015 11
olofl =& A F skl ARg-sFAT

7 AL T AL
i FAEE B = 7
HHE 2016 10€ A

SRR

olgh7] - P4

A 22 9uli(viw)7t = Hat A H9(0.85%)F 715kl stom-
acher (BagMixer 400, Interscience, France)= wASH25 )3t
F AR TAH 02 Slafsto] A

AubAl = A A 2] A& 1 mLE PCA (plate count agar) Hl
2ol AE OPSI HiOK(35+1°C, 48 +£2A)71H)3t & e (colony)
& 740 The, B Pl S|4 Fate] A stalc,

ottt =t A 9] Al 1 mLE A2 S A (M
Petrifime, Petrifim™ EC, 3M Health Care, USA)o]| F53}1L,
W35+ 1CollH 24+2417h3 & o] A4S B 7
o 2900] 7| ES BT AS, ) 49 R 4
290l 7|22 YAT RS A2 AT T o150 B
ol 3142 Talod 27t Aalont.

AMS=+

3 QoA ALt 2o AFE

SA(MFDS, 2016)0f wel AAsH3ia, 75‘5/\1] 2 En-
terobemozrhag1c Escherichia coli (EHEC), Salmonella spp.,

o FI
o & r
1l ofN

Listeria monocytogenes, Staphylococcus aureus, Vibrio para-
haemolyticus= 37 o}oﬂt} EHECS] &ole AA| P o7 A
AJ5tgict. EHECO] SRS §lat 2|gAtEo] vhgale A=
FE| template DNAES %3141, ©]5 PCR kitQl AccuPower
EHEC Taq PCR kit (Bioneer, Daejeon, Korea)ol] £33}
GeneAmp PCR system 9,700 (Applied Biosystems, Boston,
USA)S. & FE3lo] A% 51¢ith EHECY] 30l $& H3
AHE9] WS-l 5 LE 2% agarose gel (Gibco, Gaithersburg,
USA)oll <3te] #7]9% (MINIS-150VS, Major Science,
USA)S AAJslaL, o]ojA] o] & SafeView (Applied Biologi-
cal Materials Inc., Richmond, Canada)Z® g3}t t}-2 GA1H
DNA band& ©]-&3}%] UV (ImageQuant 300, GE Healthcare
Bio-Sciences, USA)& A A|5} ).

Salmonella spp.2] $Ho1-& HABEAl o] 9J5}o] AlA|5F4=H],
AA25 g)oll J‘i}%@‘ A= 225 mLE 7}5}1o] stomacher=
ASH2E)E F HiFG6 1T, 18-24A17h)skaL, o] vjekl
0.1 mLE 10 mL Rappaport-Vassiliadis broth (Merck, Germa-
ny)oll JEsto] S F(42+0.5T, 20-24A17H3FK T} 0] o]
X\, Salmonella spp.2] +<¢1-& ZFujoFol-S ThA] XLD gHAHY
Z](Merck, Germany)2} BG Sulfa g vl 2] (Merck, Germany)
of 24 =skal vjel(36 £ 17T, 20-24A12h5to] S H = A
2h2 TSA (Merck, Germany)©l| A w93t th2- Spicer-Ed-
wards 57 2> H @47 0 TS ARg-ske] g4t
go= WAt

L. monocytogenes®| 212 % /d2A] ol &Jato] AAJs A=
d], AA(25 g)oll Listeria enrichment broth 225 mLE 7}5}o]
stomacher® ASH2E)3t &, Zu[AF(30T, 4847hH3A
t}. o]o{ A L. monocytogenes2| 2912 F4tul| % ll-S- Palcam
EufRo] g4 m=siar, HiR(30T, 24-484|17hstke], A
F2AQl AL 0.6% yeast extract”} X TSA (tryptic soy



agar)oll £euiH30T, 24-4847h5to], TGS F5to]
Atk

S. aureus®| 5782 AT S ZdYsho] Yk ERleh o,
Aol WA 29 A B S AT S, aureuso] 27
2 gisto] Al 248 A2 AR 1 mLol U Ak
34N 9 mLE DA = 3|43 3, Baird-Parker 2Hl
Z](Becton Dickinson GmBH, Heidelberg, Germany)2} Baird
Parker (RPF) $Hdufjz](Becton Dickinson GmBH, Heidel-
berg, Germany) 2} 3] & HFH o] 1 mL7} HA =25t}
oF AR AL 2s] 217 AL}, Aol v
Ao A8 SHE e EUE F 1027 Aol A BRI AIZ]
S uiSK(35-37C, 48 £ 34173kt S. aureus®] a2 A%
3 e} o] Ee w7} glonA), Hejo] gl ALkl 5
Ak 5 570 olide] g4 ks Aldsto] BZeHdul
of| i %H(35-37C, 18-24A17h) g & T17HF/d +t, coagulase
55 52 SRlelo] Alat the, W Heo] 34
ko] AAIsHEE

V. parahaemolyticus®| 572 /g A X dsto] Hehs
spalst o8, eto] WA A9 RS A V.
parahaemolyticus®] €218 |5t AA|(25 g)of 225 mL 2] al-
kaline 1 =45 715}¢] stomacherZ A SH2E)et 5, S5t Hf
RH(35-37C, 18-24AH3T, ol0] Fit vl wlo]
#|3}te] TCBS s *|(Merck, Germany)ol| g4 =43t &
H2|uK(35-37C, 18-24X|7H31Att. V. parahaemolyticus®)
spel.2 vjop 2zt 47 2-4 mmel H280] A ) ie) Y2
TSI APHu|A]of] 241 =dslar viK(35-37C, 18-24A17hgt 5
QA EE #80,3, 8, 10% NaCl2 713t alkaline 1 E4=0] <]
ol A9 ol ALAIstelch 3h1 ARlelA Mg 52
Sk A 108 TA] 314 N ghEo] TCBS gz 340 &
HgHol 1 mL7} =|A| =dsial viek(35-37C, 18-244|7)s}
et V. parahaemolyticus®| &%= 54| A v &3] 3
& A4ste] S|4l ot Ateleir

>
AN

rdor
> 1

A]

i olo

2 AN FEES TS, |, 7Hewol este] SAs)
et T2 A AR °F 0.1 g& o]&sto] FolHzt
MO 2 52124 7](DMA-80, Milestone, Milano, Italy)=
A , = A= Easy-DOC3 X2 13(Easy-DOC3
for DMA, Ver. 3.30, Milestone, USA)&- o]-&3}o] AF&8}4it}.

T2 AR UHA] S50, 99 242 21
3t A|RE AFE31o] Kim (2014)0] o153 Wi ol uhe} gz
Haf a2 o 28} 7] (teflon bomb)= A A 2]3F th& ICP-MS
(ELAN DRC II, PerkinElmer, Santa Clara, USA)E- ©]-8-3}]
uAjsheick
St

H

<)
FARS

rhu BN

0 Al
= -

o A(MFDS, 2016)°] uhet AAJSHoie.

Ehs
flo
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AR B ARE B2 AE L 9 F B2 20
A3}sto] of 1 kg marinelli Blo] 7 of @l W&t th A
T A 2okg 7ol 7] (HPGe, ORTEC Advanced Mea-
surement Technology Inc, TN, USA)2 A3l ct &4 oY
A 9= 0-2 MeVE 2743 5 2 8-7] el HE7]00 AA
£ 280, 24 S 10,0003, A dAEFE 2 0
=9t Al(HCs+HCs) 0.2 BTt

= o] [benzo(a)pyrene]

Benzo(a)pyrene 2] £41-2 A1%-3-H(MFDS, 2016)] whzt A|
F-gol-S A 23t th3 Supelguard LC-182 123 Supelco-
sil LC-PAH (25 cm X 4.6 mm)©| %2+l HPLC/Fluorescence
Detector, HPLC/FLD (A-10 Solvent&Sample Module, PDA
Detector, FL Detector, PerkinElmer, Messachusetts, USA)S
ARg-3Fo] AlA|BLoITE E3E benzo(a)pyrene?] £41L 22
O] A4 35T R, o5/ A% 32 TRt o EUEH
o] TFtH(2:8) 0.2, 42 1| mL/minZ, HE7| 342 o7]
gt o] 7.9 294 nm, HHHA0] 749 404 nm iz 5.

SREAL v YT A RELR o] 42T
(MFDS, 2016)e]] ate} 2A41akeich. vl 552 A5 o
< 7] SRS F= 7SS AL 95-0] 200 g o)/do] =
w5 Fste] fAskR v o] AAIE 0.1 N gAte 2 7k
29 7200 42302 St v RS FE
ARG 1921 g0] 473 ICRA) vh9-2s0] 2915431 M| APAIZE
©RRE L Sommerd] Ee} ulg-A HF HATE ol
3ol AREstoic

MY AFEL ARG FES T P 22 57

22 P e ke shgol 100-150 g W9} HES
ek FYseto] AZSIct A RS AE G
ol AA 1 g ulo|A o @iz, 90% e 9 mLE 7}5}o] wut
SHEIA 32 BF 233 0k o] F2AS 15 mL YRR
of Y32 90% wehZ2 10 mL wrofl % - {4E2](1,000
X g, 5E)3F Az 2 mLE 4t o]7}x](membrane filter) & ©]
B o= Bheck A RS0 BAL APgAS
LC/MS/MS (Acquity UPLC® H-Class, Xevo® TQ-S Waters,
MA, USA)& AAIBH1 11, A S5 54:9] 3 2.9l oka-
daic acid®} dinophysistoxin-12] I Zu}ETAFO] EAJo]L
v2e F2§9) S40le 7)1e) 0B Al ulste] o
7] o] 52 shelsl i},

= F_Nu

4
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13} 2ok, 2o Auba|tds W97l 1.0 x 10%-6.0 X 10* CFU/
2019131, H4to] 3.9 x 103 CFU/go] it

g, A=) URtAltse]] disto] Choi et al. (1998)2 744
W A QI Al 9l Aptell A R 4=8f A 3 A5
0] 1.4% 10-7.5x 10° CFU/g H¢]o] gt B st upr} 9
11, Sonetal. (2014)> A= FGA] QA ol A A3 2]
0] A o] 2.36-2.68 log CFU/gH$]0| 911, 0|2 5T oA 8
7+ A AT A3} 4.00-4.34 log CFU/g 910] 9132, 10T o)l A 4
7+ 2 87k A Ayst Aat 72k 3.70-3.79 2 6.25 log CFU/g2,
20CollA 297 9 447 A Ak 247 3.45 9 5.94 log
CFU/g& Z7Fsl9ithar ® 315tk vl glek. T3t Cao et al. (2009)
2 20| AukA| 47} 3.2 % 10° CFU/go] L, 0°coll A% &
ghirs] S7Rstg o 5 9 10co A 5 48] 71
, 1.0 X 10° CFU/goll =&3H= 7|7ko] 1007} 2Y, 5C7H4
A, 0C7 8ol qirkar B gk up Qlct. wheb], =] URbAlF
e 2 AtolA AES AEH sE)0] flollA Aget o
AtAREo] AES Aol Hlske] o7 =8k=d], o] = 2 At
A HESE Zo] A8} o2 A7) ARel gE| 20] 5
2 695E 8Y Atol 9] ARk 25|97 wf ol ef TekETt.

=9 YubAltgoll thigh = 9] 7] 42 U (A5 ) 9
785 A Ys=el 7tste] 10° CUF/ge= AA| = o3l oL, 4]
FOJOFERA] ILA] A2016-1545 A157-2] 7] E 412 5N
A 11| 2] H9-n=5, =2, m=100,000 CFU/g, M=500,000 CFU/g
o7 u]3to] A9 n=5, c=1, m=500,000 CFU/g, M=1,500,000
CFU/g&, Y9] 7 A28 Zof glste] 5x10* CFU/gR,
W Edro] A< 10° CFU/g=, EUQ| 49 n=5, ¢=2, m=10,000
CFU/g, M=100,000 CFU/g2 AA|=|o] Ql1, =+, CODEX
O] - A= o] A hrH(Kim, 2016). whebA], 2 Atofl A
ANEE AES 29 YutAl=9] %% EU, Y& 7| 40
vsto] B2t A4 Qi o, =, vl=t, HEEe] 71#
TEoll= BE HEsrt &, 2 Aol AEE HESH 48
7129 ARt 5 =] 71 1S 2 da= =,
o=, HIEY 712 4 9] A9 gllaL, g8 71 449 A
171, EU 7]522] 7-9- mol| tiate] 471, Moj| tfake] 0710] 9ict.

=9 A T W7 E4E-54 x10° CFU/gol8l
a1, Bio] 1.9% 102 CUF/go|9itt. 31, Choi et al. (1998)
I} Choi and Jeong (1998) 744w A<t Q1< sl Sl &
gt BrtollA] Aol iyt s E YHE HES 4

Table 1. Biological properties of oyster Crassostrea gigas

g - S -

ofe7] - 7214

HR] A BF 18-16,000 MPN/100 g, S5-44¢
Y2+ 47 9 176 MPN/100 go] a1, | Q] FFof &
Aglo] A2 1-4%0] Wgror], 6-8%o] ke, o] 3
40 2o} 9ot 2 BT P Pelo] Yoty Bugt
B ik 71231, Kang et al. (016 414 S2kae] 415
s}2 915 34 5 GARES 58 AT 2ol 1L1x10°
MPN/100 g0l 91, 0|2 S0 ofgat thAle] 44 3
Ao A 7.0x 10 MPN/100 g, A%} 5 7.5 10 MPN/100
g, ©z1=o] 8.3 x 10 MPN/100 go]glom, AeA 9 Wzk=
o] 27} 4.4 x 10 MPN/100 g & 4.5 X 10 MPN/100 go]ital
R g vl 9lok =31 Andrews et al. (1975)2 Alo 2 5394
O] 4t w5 HEL A7 ¥ 97F 54 5-100 MPN/100
g2 7 577, 101-1,000 MPN/100 g2 7-%- 1197, 1,001-
10,000 MPN/100 g&] 7%~ 1214, 10,001-100,000 MPN/100
g9 A% 1137, 100,000 MPN/100 g o]AF 4% 12974 0] At
SLRC TR ] 74 ot

=9 thttol| thet s 9] 71 A (A ES )9
737 gs=ol &ste] 10 CFU/ge.=, v]=r29] 49 n=5, c=1,
m=230 MPN/100 g, M=330 MPN/100 g2 2 A|A|%|o] la1,
Ut z] F5k AE CODEX, HIEY, EU2| ¢ AA|E] o] 21A]
24 TH(Kim, 2016). webA], 2 At A Al 2= HES 667 =
O it 5 71 A4S 2R e = 71 49 7
1971018111, 574 7Hs-57doll Al E2iet Al Fel *H = Slct.

=9 i+t == HA7F 245-1.3x10° CUF/go| 81,
Hato] 0.6 x 10 CFU/go| 1o, 464 5 7TA(15.2%)oll A A
Z5]9)t}. 31, Ham and Jin (2003)-2 98 afj Fol| A tiA+S
AES A} 1295 A9t 2e oA AEEHUL, F 242
A F 35794 AEE ] 145%2] AE8&S Btk Hush
HE Qlek =] tid+tol thet W] 71 742 (XSS
), WiEd, Y& 9 EUS| ¢ K57 230 MPN/100 g, 7=,
CODEX9] n=5, ¢=1, m=230 MPN/100 g, M=330 MPN/100
g, CODEX9] 79 n=5, c=1, m=230 MPN/100 g, M=700
MPN/100 g © & A A =] o] QlaL, F=12] 79 A A =]o QIA] ¢k
TH(Kim, 2016). T, 2 Aol AET 2Ot = @
Slo} =, W=, 2k, BU 7|12 A0l A AA g e S
o) helet 2fo] 7} lof A3 A0l Bl 2ebsh, Y AR
O 2 SHsHE wf 7] A of] thsto] Zatsh= A= Y Sieh

=9 AFE4-2 EHEC, L. monocytogenes, S. aureus, Sal-

Biological hazard N Oyster Biological hazard N Oyster
Viable cell counts 48 3.9x10%(1.0x10%-6.0x10%)  Listeria monocytogenes 20 ND'
Coliform group 66 1.9x10? (ND-5.4%10%) Staphylococcus aureus 20 ND

E. coli 46 0.5%x10 (ND-1.3x102) Salmonella spp. 20 ND
Enterohemorrhagic E. coli 20 ND Vibrio parahaemolyticus 25  7.1x10%(ND-4.6x10°)

'ND, Not detected.
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monellaspp., V. parahaemolyticus®] %} T}. = 2] A15-=of o
3t 5=+ EHEC, L. monocytogenes, S. aureus, Salmonella
spp.8| ¢ ZF E@E0|Al, V. parahaemolyticus®] 73
& W7} BA%-4.6% 10° CFU/go|gl.om, Hao] 7.1 X 107
CFU/go]8itt.

e, Kang et al. (2016)2 8} 2| Zp=0] A=t
(EHEC, L. monocytogenes, S. aureus, Salmonella spp., V.
parahaemolyticus, C. perfiingens 2 Norovirus)< =43+ 2
I 2R HEER] ektkal B 1151931, Bunruk et al. (2013)%=
8215 7VH=29] S aureus, Salmonella spp., V. parahaemo-
Iyticus, V. cholerae, V. vulnificuse 245t A3} %= 40|
QIokal B 5)¢ S}, Son and Fleet (1980)2 &+ New South
Wales®] Q1 Zofl A8FL Q= A 630l 4] 4213t =2
(Crassostrea commercialis)ol| X V. parahaemolyticus?} C.
perfiingens®] =5 AR A3} 717} 17-425 cell count/g 2
5-30 cell count/g HY =2 EA st ctal 21t v} Qlt}. Chen
ctal. 2016)€ 2] AR 55 W 51m0] 49 A4 2,
A, 29, A% 9 8 2 ol ek gk 4= Qleka J
g gl

=9 AFsatol tigt w9 7% 4 SHREFSA)
9] 4% S. aureus®} V. parahaemolyticus®l| o5} L 100
CFU/g©.2 Salmonella spp.2} L. monocytogenes®]] ts}o] X
T Ao g ul=e] 79 S. aureusol thslo] 10,000 MPN/g (
EE= enterotoxin®] 3¢ S/do] AU 10* MPN/g), Salmonella
spp.&}+ V. cholerae] tsto] % 34, V. vulnificus 2 V.
parahaemolyticus] tjd}o] % 30 MPN/g, C. botulinum®||
tisto] A} A B Fart Qlofof ko, AR A5 Sal-
monella spp.2} V. parahaemolyticus©l| tjsto] 2z} 44 4
100 CFU/g, HIER2] 4% S. aureus®} C. perfringens®] ts}l
o] L5 100 CFU/g, Salmonella spp.oll tjs}o] 3402 -4
Sk Qlal, =7, CODEX % EU9| 7-¢- A= o] Al gt
SHH, 2 Aqtoll A =9 AF5+H(EHEC, L. monocytogenes,
S. aureus, Salmonella spp., V. parahaemolyticus)2 =] £

= 71 Aol Aetel ey, V. parahaemolyticus= U2
(100 CFU/g) 71<= w+A0ll Blste] 16710] 23}t o]ef

Table 2. Chemical properties of oyster Crassostrea gigas

1o

stz EA 339

o ABfe 2ARlee] HRL0] 2073L0CRA ARl HE
V. parahaemolyticus?} =& 47202 A& 5= 514 7]0|917]

Fo 2 gHEti(Naetal., 2016). 9% V. parahaemolyticus
T Be 2AREAA 9o 7 & e UrEhi I
(cloTEl wlAAD). ZLejut V. parahaemolyticusel] ©J3t )55
2 FQ YA Adxel YWEASE 54 (thermostable direct
hemolysin, TDH) 4 YEAHEE =4 FARSA(TDH-related
hemolysin, TRH)E /4dsl= 45 Bfshal gl V.
parahaemolyticus©l| ©] sl HAYgFehar oA Qltk(Kanungo et
al, 2012). 2 Aol AT e Qlhel 2 A5 A 3A
e, Park etal., (2016)2 -2 U=k Haih = A1 A]
2013375 20159714 {33 3971 = A= 5 TDH #34
© B AlRoA HEHA oFteH, TRH F-840= 570 A=
(12.8%)ll ARt A& kot Hitskal glo] A= AdH = Qlgh
A S5 I 7S vl W Ao = wekETh

whebA], FAAE AR B 7 24 22 n A Eel tiEt ¢
A QHA B WRME AR The TEelolol o Ao B
e At

Sfsfxl S4

=29 T2, & 2 e 22 SES 559 benzo(a)
pyrene % I F7ax(hu] g Bl AAAMY ol th]l oS Table 2
o At & a5 ¥l 9 Bt sEs 2ol 44 =4
2-0.239 mg/kg 2 0.021 +0.043 mg/kgo| 9L, Fo] zH2 &
A%-1.091 mgkg 4 0.156+0.195 mgkgo|gloH, 71=5
o] Z}7} E4%-0.968 mg/kg I 0.352+0.259 mg/kgo| i},
gHH, Choi et al. (1992)2 gh=r ASE 2170 A|q o2 7E| 2}
2] Fu4 T HE HES A7 F429] %9 0.002-
0.079 mg/kg, 2] 4% 0.10-2.95 mg/kg, 7FEF2] -2 0.20-
1.89 mg/kgo| ekl ®a1gk vl 11, Kim et al. (2003)2 -
uhet gaiel 11719] i FAPGlA A & 72719 = Al
=2of st FH4 = HYE HES A7 F4-20] 0.004-
0.015 mg/kg H$I(H+ 0.008 mg/kg), ‘Fo] trace-0.864 mg/
kg B2 0.220 mg/kg), 7H=H0] 0.030-1.198 mg/kg (3
+ 0.519 mg/kg)o| tkal B gt v @11, Chen and Chen

Monitored results

Chemical hazard N
Range Mean
Total Hg 75 ND'-0.239 0.021+0.043
Heavy metal
(mg/kg, dry weight) Pb 75 ND-1.091 0.15610.195
Cd 58 ND-0.968 0.35240.259
Benzo(a)pyrene (ug/kg) 5 0.280-0.880 0.522+0.256
) ) ) PSP 90 ND-0.58 0.02+0.09
Shellfish poison toxin? (mg/kg)
DSP 37 ND ND

'ND, Not detected; PSP, paralytic shellfish poison; DSP, diarrhetic shellfish poison.
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(2003)- Efo| kA 31t 37 A ARt A 155719) =&
Yt oS 5% L5 UET e AR 40 T2 5
= 0.025-0.288 mg/kg, 7HEE S5 0.312-2.452 mg/keo]
ek 1kt gl

oA, 29| Faol thigt 59 7% 42 Ul (HESA)
o] 9 $5-20] 0.5 mgkg, W} 7FERO] BE 2.0 mekgo
2, 1u]320] A9 o] 2.0 mg/kg, 7FEH0] 4.0 mg/kg, HE 4
o] 1.0 mg/kg, Z=o°] 13 mg/kg, H]47} 86 mg/kg, L]Zo] 80
mgkg 2, S0 749 do] 1.5 mgkg, AE} 7EFo] &
T 2 mg/kg, WE420] 0.5 mg/kg, F71H]4 2.0 mg/kg S =2,
A2 o] A4 F720] 0.4 mghkg O 2, M| EHO] 49 S20]
0.5 mg/kg, '] 1.5 mg/kg, 7}=+5°] 2.0 mgkg 2, EUS| 7
2ol 1.5 mg/kg, F4-20] 0.5 mg/kg, 7F=5°] 1.0 mg/kg S
= A|AEof 131, CODEXE| 79~ A= o] A FrH(Kim,
2016). webA], AL =2 A28 W 7o R S5
of| tht 9148 S do] o] Qlrtar Akl o, Tt EE
o] 735 EUE 7] qH40ll= 2 aLx]of| ghsto] &) oA 4=
=0l Z=gste] Qlof EUY % 52 118k 745 olofl gt
tiu]7} 2 g shel et wehE gioh

= 29719 thsto] AFsS SR A BF EHER U
Sek(El o mAA)). ?HH, =] Absofl thek =W 9] 7|5 f
7o MCsHICso} 7} o] 7 42} 370 Bakg 2 300
Ba/kg, =+2] 74 217} 800 Ba/kg 2 470 Ba/kg, 2#-2] 79
Z+7+ 100 Bg/kg 2 2,000 Bg/kg, EUS] 749 717+ 1,250 Ba/kg
2 2,000 Ba/kg, HIEHS] 7922 v 9 100 Bg/kg= 2
g %o )AL, |2 CODEX 9] 73-¢- nl/d g =l o] Qlek. =<9 W
Aol gt 59 7]E FA LR o] 5 7| 14 o] ¢folle ¢
2, W EW, EU9| - o] AlF-2 02 thefsiA AlA = o] Qlet.
uhebA, A A 9 7R A 2 A 22 ARl tie A
QA o] S E o] Qlrkal At Qi

Benzo(a)pyrene> U2EB[ Ao E 2 olHA et =4
2 AR7|7t0] 211, E4o] 75kl CODEX 2 JECFA (Joint
FAO/WHO Expert Committee on Food Additives)2| ¢]3af|4]
B7FE SR A 9] H5o) 23l= 5 AlAIA Tl 4]
Ea1 Qe 0]9] dste g FA|YATA[TARC (International
Agency for Research on Cancer), 2017]+= Z<- Wz o]dlS
Group 19] &kl QIA¥SHE4 (carcinogenic to humans)=
=& 27 aE glen, B e g o g Qs ofufiF 5ol

Pakopy el AF8] 2 28, 7h Al AlE 5

Q1 EhpdkE, T, A 5o] ®afjE| o] A o] 7HEst
olefat el 4] 2 57| Mzuldl ket e Abuf R
I} ol 52 22} 0.280-0.880 ng/kge ®glo| o, Bt &
== 0.52240.256 ug/kgo] ATk

oh, =] benzo(a)pyrene gl tisko] Ao of - A]
(MFDS, 2009)= £, Shin (2010)%=2.592 ug/kg, Eghtesa-
di-Araghi et al. (2011)2] 7% 5.78 pug/kgol Actal B argh uf

fi
[
(o]
>
o

iy G AN g of

g - S -

ofe7] - 7214

7} QAck. whehA] E o) A 9] benzo(a)pyrene TEF-S AlE
O] eFEFH A (MFDS, 2009)2] Azt H]ated= %32, Shin
(2010)} Eghtesadi-Araghi et al. (2011)2] ZA}of| H|5}o]= o
otk

Z19]az, 9§57-9] benzo(a)pyreneo] thet =2 7| F4
= 2] 739 10.0 pgkg= A= o] Lo, vl=, T, Y,
CODEX, HIEd, EU 3 Z-& =9 7|52 oF4] A A7} & of
UA] o¥et. o]AFe] ol Higt benzo(a)pyrene H-4] AuE
9] 3 572] benzo(a)pyrene 7] A0l -85t f o] & =
k= Zlo] flof AF9AY SHoll A b sirhar sk E Sl

7ol 35 A A7 H e AdES AXE
o] &2 AHA FAES] ulH| A ol =(paralytic shellfish poi-
son, PSP)} 2|84 9] A sl = (diarrheic shellfish poison,
DSP), 7] 94414 3j=(amnesic shellfish poison, ASP)o| S
o, 1 2] AIFA glE(neurotoxic shellfish poison, NSP) &
o] oA SlthTamao, 1983). 0|5 ol H4x & S-efuiet &
gho] ofuzt A AIAIA S 7 wAIAl EAL Sl Aol whH
g sfFsaolal, olF v siREas Alexandrium sp.,
Gymnodinium sp., Pyrodinium sp. 53} 22 HE X Fof &3}
LA 8A B0 YAksl= Za2(Hall et al., 1990), AR
o] ZA47} HAH 75 AHFIsHL S50 = A9 vhe|dA
o] ®HASHCH(Bricelj and Shumway, 1998). o] & gF A of| A =
o] upu] A (907) a1 AAHI(377) T =40l thote] 2413 A
1k o5 =9 vhH A s F=a 2 Hato] 0.02+0.09 mg/
kg, 917 24 E-0.58 mgkgel AL, o] F AEH 4= 31
(A5 24 A4=(907)0ll thste] 3.3%, AFRE7(5-8Y) &4
470l disto] 12.5%]013om, AAMY sfFmas B
HEEA o3ttt

3, Kim et al. (2012)& 2011 RE] 69717 A2 A &
T % = 2879 tisto] AAMY sFEaE SATH A2
9] =qto] okadaic acide] FE(0.004 mg/kg)2 AEE AL,
dinophysistoxin-1, pectenotoxin-2, yessotoxin®] 3% &=
E|qlom, 26719 =9 %ol vl A AR BET =4
SE ok Haugk uprh Qlek 1Az, /9] 719 A, vt
H/d, AAMS s 7ol gt 71 142 =W o) 749 242} 1]
A4, 0.8 mg/kg B 0.16 mg/kg © 2 AA|=of QlaL, =2] 2] 4
% CODEX7} 2+7} 20 mg/kg, 0.8 mg/kg 9 0.16 mg/kg, 1|+
o] Z}Z} 20 mg/kg, 0.8 mg/kg 2 0.2 mg/kg, AE-o] 27z} u] |
Al, BIAIA] 2 0.05 MU/g, HIEHo] 2+2F 20 mg/kg, 0.8 mg/kg
2 0.16 (Azaspiracids) mg/kg; 1 (Yessotoxin) mg/kg, EU7|- 2}
7} 20 mg/kg, 0.8 mg/kg 2 0.16 (OA+DTW+PTX, Azaspirac-
ids) mg/kg; 1 (Yessotoxin) mg/kg 522 A|A|slal Qlom, =+
Q] T F9 A BT AAISHA] &AL JITH(Kim, 2016). o]
o Zof et 9 7 54 AWE Q] 2 HlF=a7E A
of 2-83F9& wf o] & Z¥}sh= A 0] glo] 22 iRmA S
ol K] 9 AFLAY SHoA bdstohaL ShE| Qi) 514



FAAL

=

1o

v o] th HRAlEkaL
3k Ao17} glofol g Ao = ghetE ek,

o|Ake] Zof st A E o|3}sla] EAJo] Aulg n|2
o] o} ulEslA| © 2= Auble} th ol M 712
A3} v|wafo] $-ei8 wiet AT} Ugro g Syl Fe 4
g EE 7l AR o] 57| st | EEHE] Ao v

e Bdol= AA ] mYE R 9
o7 b
£ ol

H2 AEE| o]of sjLt, o]&ehA Alo] Bi-S A7 B as)A] ¢
cha setE gt
A A}

o] =7-220164 dfj A=Akt Ao 2 sh=sl|ofatslr| e
T A Y& vhof e AGLA(PAMEANE 71 ST HEA
o] gl EAS 1St HEpAFEAE 2 ARESH
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