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Risk Analysis and Safety Assessment of Microbiological and Chemical
Hazards in the Raw Short-Neck Clams Ruditapes philippinarum
Distributed in the Yeongnam and Honam Area During the Spring Season
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For the safety assessment of microbiological and chemical hazards in raw short-neck clam Ruditapes philippinarum
distributed in the Yeongnam and Honam areas during the spring season, the contamination levels of total viable
bacteria, coliforms, Escherichia coli, and nine pathogenic bacteria (Staphylococcus aureus, Salmonella spp., Vibrio
parahaemolyticus, Clostridium perfringens, Listeria monocytogenes, enterohemorrhagic Escherichia coli, Yersinia
enterocolitica, Bacillus cereus, Campylobacter jejuni) as microbiological hazards, and heavy metals (lead, cadmium,
total mercury), benzopyrene, shellfish poison (paralytic, diarrhetic, amnesic), and radioactivity ('*'I, 3*Cs+3"Cs)
were also analyzed in 15 samples based on the methods of the Korean Food Code. The average contamination levels
of total viable bacteria were 3.11 (1.40-4.49) log CFU/g, and coliforms were detected in 5 out of 15 samples (1.18-
1.85 log CFU/g). E. coli and S. aureus were not detected in all samples. Furthermore, the presence of 8 pathogens
were not detected in all samples. The average contamination levels of lead, cadmium, and total mercury were 0.155
(0.079-0.264), 0.160 (0.040-0.287), and 0.017 (0.008-0.026) mg/kg, respectively. Benzo(a)pyrene, shellfish poison,
and radioactivity were not detected in all samples. The results of this study suggest that the safety against all micro-
biological and chemical hazard factors in raw short-neck clams distributed in markets has been assured.
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o 22t il % AP F0 B ch(Park et
al., 2015). BRA| 22 ZHA 9} A 19 k-5 W= taurine, gluta-
mate, methionine 2! S§AF-5-0] A Ho] FH3510] JoFA 72|71
2.0 AFo|] WA S URol Al 2, AR E3 3 Al
287} gk w2 AbE 2 Slfo]th(Song et al., 2001; Park et
al, 2015). o] gt JoFsl 4l SAjw} ol 2o] 5-8.9] 725k 5]

H}x| Z(short-neck clam Ruditapes philippinarum)S- 2 3H=
(Veneroida), ¥ &+H( Veneridae)ol] 5F= 43 o|ufjufjF2 4,
1 AAA] = g, Ui, S S oFAlokE Rtsto] AF4l, v

2205 oot 1l Y| jofo]| o] 27]74A] WL x| A
B35} QIck(Park et al., 2015; Lim, 2016). £3] $-2|uzfo
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Z QI L A7I7HE R oA AL QLo Hix| et v 2ha A,
HRA| e uf B} 5 HEA| RS o] 83t ThefRt 88| E0] AlEolx
AT, L ut BRR| S wRR| =t A e Y] 5 S 7
Folu @A glol A Ee - ol At % Blol 2 &
WA m =l ofRt 4S5 iAol tha -2 H = Aol

o, i EFEE 5 HolAes oyol sk BiAlE,
=, 5 59 ojuliFe A dAcke] A, EH 5o ©
HHozRE FFe ol ffallet vidE, S5 2 S 5
ol Aol HA H4E 4= leuz & Aoz HH AL, 7}
dA 2] sleiete 3leh4 ffsf a4l A9 ASES 4o 9
3] Ao & A]&o|th(Lees, 2000; Song et al., 2001). 2016 ||
A 2020714 p-2lutetoll A B AlS=o] AR A
H, Alatoll 23t AlF=o] HA| 9] 30-40%S AFA|8)
A glom Wl thiget, Andlel, FEAE TS B A
&, A E2EE Ay, AdvEe| et 5o F8 Al
2 A E THMEDS, 2021b). $55< Auixizte] 2o
T Aol A= it B thto] 180-380 & 18-20 MPN
(most probable number)/100 g© 2 UeRF O HAA At
ol Staphylococcus aureus 2 Vibrio parahaemolyticus?} <
=)7)% &9 tHKim et al., 2018). AlE<] vpA|g Az 4
$- 971 2.4x10°-4.1x107 CFU (colony forming unit)/g%
o, gAFL 3.5x102 CFU/go2 21| 9th(Lee et al.,
1999; Ham and Jin, 2002). =3} Sheo et al. (1993) & Ahn et
al. (2006)9] 1ol A= AJulA 2ol A FH(Pb), 7F=8(Cd), oF
A(Zn), 7+2|(Cu), ZEFH(Cr) A +2(Hg) 59 S0l 4=
3L, HY Ao A= il A A, -85 = vhA =l A v}
H]A] )| 75 A (paralytic shellfish poison, PSP) 2 AAM 77
EZA(diarrhetic shellfish poison, DSP) 5-¢] A&5 22
215t vl Qlok(Park et al., 2000; Jang et al., 2005a, 2005b; Lee
et al,, 2007). o]ofl & AtollA= 55 =zt A o] Auf
Alehg ZF Aol A FAste] A EAIRES] DRkAlRE, ThA
3, HA 9 ASES 4o o Qe 950 YA Al
(S. aureus, Salmonella spp., V. parahaemolyticus, Clostridium
perfiingens, Listeria monocytogenes, Enterohemorrhagic
Escherichia coli (EHEC), Yersinia enterocolitica, Bacillus ce-
reus, Campylobacter jejuni)] n|AE3H2 @ Jrol S
W, 7IEE, £42), Hz ), 51554 (PSP, DSP; amnesic
shellfish poison, ASP) & HFARS(11, H#CS+17CS)} Z+8- 5}
s 0w g 24 EAste] G- ad AdeH BAG4)
$EF9 AAek] QA AleE shetst ofof A 9]
S5 7be] 7122 2 g ahad gk

Iz H U
NN
= AtollM= sl zro] AlAE AdEe] Bl EE AR Al

A o AA B4 % 22 L 3 299 FsAol 92 Ao
e} wreistol shzto] gl ABAE 9] 2E TS on, 4
Mol 91yA 02 erztstel Aol AHgshaich. AukAlet A
2420219 34 4% Abo], shzto] AABIA) ke 2B A
B2 & 15742 7Ysto] AH§3HALk. o5 Az BN A o
234171 o] o) A2) 9] AR AR, IA, A, ARA
AN, TR b oA, HekRE 1R W AR
FGA A fPukE B A2 uhe SoH SgE o A
Fohu] TS 35 BN AGU7A AR o] A of
ol 2to] 2 ofo| AupAR WA S AI5te] 2u5HA
on) ol w3 Z4] £40) Ag3Hch.

la Breteche Arpents, France)& ©|-8-5to] oF 2827t +#23} st
Pck. A A2 | mLo} B4 A A4S 104] 54 3o]
ule} 3] A5to] 1 -g-oHS AR of| ARGSEITE URkAlEE Al
298 1 mL&} plate count agar (Difco Co., Sparks, NV, USA)
15-20 mLE petri dishol| 5= 5 ¢ U4 &3ksto] 37.0+1°C
of|A] 24-48A17F v oFstATt. thdwtt A <= 3M Pet-
rifilm E. coli/Coliform Count Plate (3M, St. Paul, MN, USA)
A2BEL AFSEOM, AR | mLE AZBE| M F
35.0£1°Col| A 48+2A17F v skt idut-9] 79 224
= Hu I 592 7|27 A A, it 9= 7120t
A3 A o] M A Q1 ke Algskelt. 3 15-30071
o Heto] A/ E B gsto] Alpsigl o, ndE e
©$]+= colony forming unit (CFU/g) 0.2 EA|3FA T

e Mol A

2 AT Aol 455 oA 4 Gl UIFO R
M S. aureus, Salmonellaspp., V. parahaemolyticus, C. perftin-
gens, L. monocytogenes, EHEC, Y. enterocolitica, B. cereus,
C. jejuni & 9572 WA Alata A8 on, ofo gt
A AEETANA AARE Al SAskAl W3St
(MFDS, 2021a).

LTS, aurcus)) A BAS 915 AR 25 g
o WA ds 225 mLE Ztstel F71E ol g3 287
F5} shgdon #AskE AR | mLe B 4G5S
1071 3|43l utel sj4stel gl AHgHtgc FHRE
Artat A58 baird-parker agar (Difco Co.)E AME3IHL
Aol | mLZ 370 vx|o] spreadsto] $415] F4A17) 5
37.041°Col A 48224121 WAk, v & Bk 15-300%)
o] o] AT WA Blsto] BTk w2 eyl wely
o 7] Fere At
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Salmonella spp.9] 73/34 5 918 A= 25 g} HEAF
Z8-9H(MBCell, Seoul, Korea) 225 mLE &3}5}0] 37+1°Co|
A 18-24A17F 12} S=tul et -, o] AJ@-89 1 mLE tetra-
thionate B[ ](Oxoid Ltd., Hampshire, UK)®| 4533} 54|
o] RV (rappaport-vassiliadis broth; Difco Co.,) HjA]o]] 0.1 mL
of] H&35ho] 2121 37.0+1°C L 41.0+1°Cof| A 20-24A] 7k 22 =
& SFGAT. o] o] Z}7ho) St FlS XLD (xylose lysine
deoxycholate) agar (Difco Co.) 2! BG sulfa (Difco Co.) HJA|
o =TT 5 37£1°Coll A 20-24 417 ujeskGiTh 13- 9
RS 578 o] AF A F 5ol TSA vl | (tryptic soy agar; Difco
Co.)Z &7 37.0£1°Coll A 20-24A17F vlj 5} ch.

V. parahaemolyticus®] /542 $3)| A& 25 g} alkaline
FES 225 mLE E345}0] 35-37°Coll A 18-24417F ZHuljof
st om, o] & ZFouljoFel-S TCBS (thiosulfate citrate bile
salt sucrose agar; Difco Co.)of| &A1 =510 37.0+1°Cojl A
18-24A17F 2]y s,

C. perfringens®] AAHEAL 23] cooked meat HjA|(MB-
cell, Seoul, Korea)?] ofglFEof | mLe| A|Z-8-S 53}
o] 35-37°CollA] 18-24X17F F<F 7|24 Sl 513
o} W37} TSC s vl | (tryptose sulfite cycloserine agar;
MBecell, Seoul, Korea) ZaljoFol-S E3}0] 35-37°Cof|A]
18-2417} woFisict.

L. monocytogenes®] A4S I8l A& 25 gofl listeria
enrichment broth (Difco Co.) 225 mLE 7}5}¢] 30°Cof| 4] 48
AZE St shglom, Stal oF S oxford SR Hl Ao T
5to] 35-37°CollA] 24-48A17F uljoFstoiet. o4l eto] gl
™ 0.6% yeast extract7} £ TSA SHH B R|of| 55}
30°Cll A 24-48 17 Mok} .00, 13RI 5 opAzhE O R
sfel A ShelABS Waalo] 2% ke Beksioitt.

EHECQ] HAEAL ¢35 Al& 25 g} mTSB (Difco Co.)
225 mLE E§sto] 35-37°CollA] 24417 ZaFul % sk5.om,
tellurite cefixime-sorbitol macconkey agar (MBcell, Seoul,
Korea)ol| =H510] 35-37°Cof| A 18-24A17F vlj 5} c.

Y. enterocolitica®] 73732412 §)8ll A& 25 g3} peptone sor-
bitol bile broth (MBCell) 225 mLE 713k A| &89 10 mLE
irgasan ticarcillin and potassium chlorate broth (MBCell) 90
mLe} £31510] 35-37°Col 4 1824417 Zu|aoict. Zit
ik 0.1 mLE 0.5% KOH7} $H-8 0.5% HtA 2] A a4
1 mLe} Z1F &3}l MacConkey agar (MBcell)2} cefsu-
lodin irgasan novobiocin agar (MBCell)of| Z}2} 4313 2.
30°Cofl A 2442417t v ATt

B. cereus®| /A2 fl8ll Al 25 gt Dot Al H
225 mLE &3%}sFo] MYP (mannitol egg yolk polymyxin agar;
Difco Co.)ol| =a}o] 30°Col| 4] 2442A] 71 vl ¥} Tt

C. jejuni®] FAAESES 3l A& 25 g} campylobacter
growth supplement (MBcell)7} %1 7}5 preston broth (MBcell)

100 mLE &3813}0] 42+1°Col| A 444447k n| 7| H 0 &2 251
vl oF 59tk Zull 9FH L preston agar (MBCell)of] =g}
42°Co| A 24-48417F 1] 3712 © 2 sl Tt

HEd Mol 2RI

elujor 2z} 2 814 ] WA Yol dfstol VI-
TEK (Compact 30; Biomerieux, Marcy-I'Etoile, France)& A}
B5to] ERIAE S AAISH S 25 AuE Aetskich

O
v F a4 B4 W, 7MER 9 352 I8 s}
= <

. = =
(2016)9] Aol et el whek stk FAAE
3t AR | g& HIZ2 E3]7](teflon bomb; Anton Paar, Graz,
Austria)el] £J50] F54 5418 AAF 10 mLE 74e F A
2ol A oF 150427t BES-A|ZiE). o]o] Bl =& Zal7]5 WAl
A 7FETO 2 150£5°Co| A 40027 7HE - e gl =g
& golo] = X A mo] ARG 913 S AN
o} w8l 1Y S EH 22 5l 7] 9] ol s Al A st 4
& A1 100+5°CoA W4ko] oF I mL =7} 8 W7 S
ek 215 10 mLe] A4k 718kl 6715 BHAA A &5
BNz TS B o vhEsigon, 2] Ao) s

RS 1) HalE Fal 2% AAke 2 Agalolod of7} W 4
& (100 mL) M 2] Az 2 ARSIt o] 2|3k B2 A A
A elE AR o, FHEg BAL fEATEam 247
(inductively coupled plasma spectrophotometer, ICP; ELAN
DRC II; PerkinElmer, Santa Clara, CA, USA)E AR&-5}o] 21
SyoFl L, A 272 A EFH(MFDS, 2021a)0] AAH 24
o2 gste] AAlstelr.

FT420] Boe AEFFH(MFDS, 2021a)0l AAE W
I} FdstA skl on], 244-2-24]7](DMA-80; Mile-
stone, Milano, Ttaly)& A8-5lo] A8l t) 2422 A5
H AR 0.1 g& F ko] =254 710 F4Jsto] 7 2(650°C
A1 90%), E3}(650°Cof| 4] 180%) W oFr-73Hamalgamation)
(850°CoIA 122)] B0 2 HAstgict. RHZAL 2wg
1,000°C, detection>- dual-beam A.A. spectrophotometer, -7
253.7 nm, FY=F 10-50 mg, absorption cell-> dual cell/ther-
mostat @ carrier gas= AMAE A AEl0] 235t 2o
E0] Aok W 2fsA] el HF01E5E 2 (certified refer-
ence material)?] DORM-4 (Fish protein; NRC-CNRC, Otta-
wa, Ontario, Canada) 2 1566b (Oyster; NIST, Gaithersburg,
MD, USA)& ARESHTE F-2 Aol thet A= easy-
DOC3 (Easy-DOC3 for DMA, Ver. 3.30, Milestone; GitHub
Inc., San Francisco, CA, USA)E o]&-5}o] Ak&3}9it}

ESHERCES

2T/ 6] BAE AlZFH(MFDS, 2021a)] AAIH 3

Sl
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= Farste] JeYshlet. AlZ8o& Al=et £ Supelguard
C-182 23t Supelcosil LC-PAH (25 cmx4.6 mm)o] &
ZM4 high performance liquid chromatograph/fluorescence
detector (HPLC/FLD) (A-10 Solvent&Sample Module; PDA
Detector, FL Detector, PerkinElmer, MA, USA) £-4143| &
AREBISIT, o]o] T B4 2718 7 25 0] 9 35°C, o)
&2 785 32k T2k acetonitrile®] A (2:8), 59| 7
& 1 mLmin, 727] 712 of7]5g0] 294 nm 2 H}E17
o] 404 nm= 41 ato] ALY,

F‘

St nh)A SHFEAPSP), AA ThEE2(DSP)
PPN SR EAASP)S A GBS BAsIon, 4

=~
o A(MFDS, 2021a)f| A A Al g 0 2 AAJ8FTt. vt
A o EE =& 7§30 Al

d WFEAE BAS| el uhx|ehe] 23S
A sto] oF 200 g& AFH ST A E S Mg E24(20
mesh)®]l ¢lo] 5 53 5715 AAS & 4 7](Waring, Tor-
rington, CT, USA)E AH&-5to] o A3} s13itt. o]o] & H Al
0.1 N G407 712 253519 on] 250 o] AF5HE np

19-21 g} =71 ICR (Institute of Cancer Research)A| t}-$-2~
740 AT84E 75 ANAITEORRE Sk Ak
At 582 AEAo AAE Sommer?] E} vRe-A Al E
HARE o]-&-sto] A3t tHMFDS, 2021a).
ERRE EE PR P R EE R
= flote] Azt | A3 1 g2 90% gk 9 mLE
IKA, Staufen, Germany)E ©|-8-5}¢f 3
YA E ol Yi190% HIEH-EE
Bfo] AT BAS A Al
% 2 mLE membrane filter (What-
1, Maidstone, Kent, UK)E 0]8-3f oz}s}od]
A Z3} e} B4 A= BEH C,(2.1x100 mm, 1.7 pum)= 2
Z15F LC/MS/MS (Xevo TQ-S; Waters, MA, USA) J2] & A}
KT, A T E 4] 20 E44 R0l okadaic acide}
dinophysistoxin-12] A Z0LEI5ARS] EA o] 2 Tl 3= 35
|l 540 0|29 v A7k} v sto] Q%] of fLg g
sk
71V Al A4S 8 A= AR E 7ol
AlA Sk g TS AR 7HAE oF 200 g& Foke] o3t
ok %, A3k H A 10 g& Flske] F58 50% T8
40 mLE 71t & opA] 287 FASkekGInh AlxE AA e
oS A BT T AFS NS (0.2 pm membrane filter2 o]}
g AS A8 o= ShGit. ®A] Aul= BEH C  (2.1¥100
mm, 1.7 pm)= A2 LC/MS/MS (Xevo TQ-S; Waters, MA,
USA) BA 5 AN, T U S 2204 71934 1
F5=42¢1 domoic acid®] E4Jo]2 T A9} EFEN 9] 7.9] 1
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= EFA|(20 mesh)oll glof of 57 £715 AAT 5 240
7](HMF-3800SS; Hanilelec, Ulsan, Korea)= Zro} A 23}
t}. o]o] Marinelli H|A o] @il oF 1 kg 3t & U5}
e AZ2nkg ZusEEA7](OCTEC GEM-60195-P;
Ortec, Tennessee, TN, USA)E AME3lo] WA= =484
ok S YA Y] H= 0-2 MeVE 3130, S A7 F
2 10,000% 2 B4 122 ofo] @ H(lodine; ')} Al<3(Ce-
sium; H*Cs+'¥Cs) 0. & 5}3iTt.

HIX2H & LEMl, tidd= H O

0l

]

AukR| e 5 tAlet 9 e L9 E BAS
Nal, 2F xS o] tgutE 9 AR npE oA - 157& 45}
o] A%eh A7 Table 19 e St ARbAlwF4=2] 79 3
ko] 3.11 log CFU/g@ o™, 71 ¥ 9= %4 1.40 log CFU/g
2 2|tf 4.49 log CFU/g2 2 24 %]t} Kwon et al. (2017)
o] Aol A= Atz eke] drbAlto] 3.65 log CFU/g 2 1
ro] Wtgkat S-AkskeITt. Solberg et al. (1990)= A& %
ARbA9] QF7]EX]E 10° CFU/g (or CFU/ML)E A 4|8t
o, &2 Aol A= ol o vl aLsl] T A S| W Atz ekt
o} ey f-5 5 2= vEolu HEAke] &5 53 24t
A WA FO R Qs kA7 A%l 107-10° CFU/g
7FF S 9E 7 ol Aol 1Al delo] Hlof thE AlEe
EE-S Y 07| AU Tz HY o] o Fobt el AlA
ASES U 7573 0] Atk (Park et al.,, 2005). 53] 30|
U AL 5 AR e A7 B2 vk kY] S vl
=314 QPAAE gEslr] Q13 u7HE Al A BFshA AtA
ARG 5] F7HA Q1 At A Hijto] B QS A 0 & AYZFE T

Table 1. Contamination levels of total viable bacteria, coliform
group and Escherichia coli in raw short-neck clam Ruditapes
philippinarum distributed at the market

Total viable bacteria Coliform group E. coli

(log CFU/mL) (log CFU/mL) (log CFU/mL)
Posiive 15/15 515 015
Mean 3.1120.86 1.63+0.27 ND*
Min. 140 118 ND
Max. 4.49 1.85 ND

*ND, not detected. Data represent mean+standard deviations.
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AuiR 2 5 o] - 15709 A& 5 57H0lA] HEE]
9lom, A% Hatgko] 1.63 log CFU/g 9 71 #9]=1.18-1.85
log CFU/g®] A7} 5 {rh(Table 1). o4& 25 |2t 4]
Fo|| A HEE A &3FTH(Table 1). Kwon etal. (2017)2] &0
A= Al ek Z i 4o] 790-15,000 MPN/100 g 2 th 4
0] 220-3,300 MPN/100 o] %121, Kim et al. (2018)%= AJu}
A&k & o) Abtato] 250-480 MPN/100 g @ tha2] 74 ]
o 18 MPN/100 g2 = H&5 3le2 HArshlet. =il
AUk O 2 Escherichia spp., Salmonella spp. Y Shigella spp.
S B A At 24 7S UrEhdith. ERk ol
At A AE T e AR E AR e s A 4
UE AFAEL2H AFA HEE Al Aol tiet Y=
ol tFo s EAT Al ARt WY 7l5ol ot of
oLt i O} Foll A 7] 37 ¢t 0. 2 AR-g-ste] Al e
7Fs7d0] iz AlleteltH(Chun and Hong, 2009). 3, =31 9]
A Z3 ol = AukA| ol thet tidt=t 9 e+t o] vl =t
2 7]1220] gl oL, Fiuth(n=5, c=1, m=230, M=330 MPN/100
g), CODEX (Codex Alimentarius Commission; n=5, c=I,
m=230, M=700 MPN/100 g), E}=+(n=5, c=1, m=10, M=100
MPN/g), I EH(<10* CFU/g) ¥ EU (European Union; n=5,
c=1, m=230, M=700/100 g)o| H = ~AHE 5 i A+2] 7|5t
7L AAsto] TE]slal i, Solberg et al. (1990)+= A& &
3 log CFU/g& tA=tt2] QFA7|EA = A Ak o, & &
Toll A EA% Bk = A ES AEE tdwtrto] B 2 log ©]
SEEA] QEHSHA -8 H AL Sl A o' b Jeuy 2
W uE B He R SR e 9 Al 4 9 WAt 2
dol fe7hleng HF 5 W AR ZhET Fo7 2

ble 29} . S. aureus®| A 23 =4 E, LA 85
M B5E Ao = BAE ST Kwon et al. (2017)2] AYHFA]
2 5 A=At 24 A1} S. aureus’} 1.80-2.56 log CFU/g,
V. parahaemolyticus+= 1.50-3.05 log CFU/g2 &4 & 1o
EHEC, Salmonella spp. 2 L. monocytogenes:= </3°] %t}
Sl oA BEo A Fole Ao obd 1B Al A A
A AF st arefsto] b olut 72} 5 A AR
Loy A tof| o8] UAFO] S. aureus 2! V. parahaemo-
Iyticus ©- @ 9 F4]0] o] Fo|H& A 0= AZHE ) Kim et al.
(2018)9] A-Lof| A= AYutR| 2 5= S. aureus”} 6.6x102-3.8%10°
CFU/g Y V. parahaemolyticus®] 73-%- 8.5%10'-3.1x10? CFU/
g2 A&EH 2™, L. monocytogenes, Salmonella spp. 2
EHEC:= &/ 22 Yehgth s AlEsdolle AukAehe]
B A lRtoll tiEt 71t Aol Lo, nl=o] A% V. para-
haemolyticus (<10* CFU/g) ¥ V. cholerae (Negative), 7}

Uth= Salmonella spp. (Negative) ¥ S. aureus (n=5, c=1,
m=10°, M=10" CFU/g), T=-= Salmonella spp. (Negative),
V. parahaemolyticus (n=5, c=1, m=10°, M=10* CFU/g) ¥ S.
aureus (n=5, c=1, m=10°, M=10* CFU/g), B =+ Salmonella
spp. (n=5, ¢=0, m=0) ¥ S. aureus (n=5, c=2, m=10°, M=10*
MPN/g), HIEE-2 Salmonella spp. (Negative), V. parahae-
molyticus (<10* CFU/g), C. perfiingens (<10 CFU/g) 4 S.
aureus (<10? CFU/g), EU%| A= Salmonella spp. (Negative)
ol thet 7|+ A 5= AAlsto] weskal ok & dAtollA &
AE AR A & 1559 A9 2E ASEAlR FRolA =
4oz BT el B, 2xe 5 fAes
] E AL lerol FRlE R

S50 dHx[2 5 534 QB 24

el AuAete] 3hA o 2ALE 9%t THEE
2 F4-0 B4 A7H= Table 39 Wb vk} ek 15712 A
vRx) 2k Al 5o ofgh o] ot gk 0.155 mgkg 9 AEH $=
0.079-0.264 mg/kgRi, 7F=E-2 HFgHo] 0.160 mgkg U
A&W YL 0.040-0.287 mgkg= UERFon, 2500 Ao
0.017 (0.008-0.026) mg/kg= =4 =|gich. Ham (2002)2] <
Tol A= v o] 0.143 (0.01-0.66) mg/kg X 7H=0]

Table 2. Contamination levels of food poisoning bacteria in raw
short-neck clam Ruditapes philippinarum distributed at the market

Positive Short-neck

no./total clam
Quantiative Staphylococcus aureus 015 ND*
Salmonella spp. 0/15 Negative
Vibrio parahaemolyticus 0/15 Negative
Clostridium perfringens 0/15 Negative
o Listeria monocytogenes 0/15 Negative
Qualitative )
EHEC 0/15 Negative
Yersinia enterocolitica 0/15 Negative
Bacillus cereus 0/15 Negative
Campylobacter jejuni 0/15 Negative

*ND, not detected. EHEC, Enterohemorrhagic Escherichia colli.
Triplicate samples were analyzed for microbial counts.

Table 3. Contamination levels of heavy metal, benzo(a)pyrene in
raw short-neck clam Ruditapes philippinarum distributed at the
market

Chemical property Sample no. Short-neck clam (Range)

Pb 15 0.155 (0.079-0.264)
Heavy metal

Cd 15 0.160 (0.040-0.287
(mg/kg) ( )
e dotalHg 15 0017 (0.008-0.026)
Benzo(a)pyrene (ug/kg) 15 ND*

*ND, not detected.
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0.223 (ND-1.38) mgkg® A% )00, Kwak et al. (2001)
© upRjet 2 7hERo] 0.07-0.20 mgkg AEE QT B s}
o] & Al ATG} RABIT. FFES 5 F PR 5 AF
Of e ol A 7t Aot el = A SA4EEEA A9
faligt P 71x]= 34240 th(Mason et al., 1995). 71
T =2 A Aol F G2 HAaR I HgE U
o AW o] ZE7| At 23 A 7 FE HEES 4ot
(Chaetal., 2001). 7}=+2] -9 A ¢ LAl E] (Internation-
al Agency for Research on Cancer)2] =2 group 1] A
o] o el SAAEERE ERE] glom(Waalkes,
2000; Waisberg et al., 2003), 554 55 33|24 AlA|
o] Zx2] 9 A7|of| A Zket £A4S U 0 7]5= "oleto|o|etol iy’
o] 201EZ o] th(Vieira et al., 2011). E3] 71=H-2 ofE}e] o]
ol ch vl A 2be] AEfEHA 222 42 transaminaseo] 2
Ql-g-8h= 71 6. 2 &e] A (Blasco and Puppo, 1999) 71=52] &
ol Bl o]} Wasich 4-0 Et wluuepy o 2 of
PS4 55 ANe Lol damols, A 54
A ¥, He 5 F2AAA ] olS fuels faE Rl
(Choi, 2011).

0|9} T FaEY ol A2 = Qs 2 7]l
A ofsle] F4s Tl A S vlRlslo] SaTe 2 AAs)
AL glon, S AEEell= AupR e B8t et A o
2 2.0 mgkg, 7F= 2.0 mgkg 2 F2 0.5 mg/kgS A
A8t CODEXE Fujloh §Aket 72191 ¥ 0.3 mgke, 7}
ZH 2.0 mgkg ¥ F2-2 1.5 mgkgd 7H=H 2.0 mgkgS
EZgFso] v]4 0.5 mg/kg, 35 0.5 mg/kg, ot 2.0 mg/kg &
Zo] HAElo] glrk. et Bj=, WIEW U BUS| 4% Wit
29] 7|54 0] 22k 2.0 mg/kg 9 0.5 mg/kg O & FUst
o, k=52 2471 1.0, 2.0 2 1.0 mgkg .2 AA] £ oiQl
o, webA 2 elpol A BAle AulA ek Fele] 718

ofl ;157 #3tste] k0] st 2k ekl kel sick
QEZO! MBIRI 5 WEIY QHT 2

fr55 1 Aubx|he] Wiz vl 4] A3 Table 39 Lty
o, BE= AlmoA SHEE RIE ]I Ml aj e vy
SFZErsl4=4x(polycyclic aromatic hydrocarbons)9] 3t £5-2
AU, A, AR50 1712 o S A4 g of A A
=, o]t L HEHE0] == <, Sk, ARl W Rl
SO BRE o, SfQtE A E, EetAE, R T g o
2 FYEo] FFH o pAES @ HAIXITH(Rodriguez and
Sanz, 2000; Nikolaou et al., 2009). T35t <13 W o] Z-77]7to]
431 78E o fAA EAROlE Yoyl e dEdRE
R (Jeong et al., 2010), =34 FA1A1E (International Agency
for Research on Cancer)of| Al ¥HeHE2 group 102 575}
AL glom o f¥ S0 leEE ol RolME HEE 7
o] glom e =o|7} gubelch(Park etal., 2020). Lol A= Hl

Z23)3 10 pgkgS 71272 0.2 A A5t oL}, TS Rl 2lgh
o]0 79 kA eke] wlznd o] Aol A ook
th. wheba] 2 Aol Al BARE RS U 9 7]t A o
sk o Wz dlel oiet oS Shlskrt.

RS2 YHixE & HF=A 2F

FeoQl ABHIA Y] 9 s v B F=54(PSP), A
A4 R ADSP) B 7190 1155 £(ASP) Lol
DAt B ATolH BAE upekel A% A 5o 1)
FEA B EHEE B EAcH(Table 4). Lee et al. (2007)
of Ao A= 3-7271A 2] vl A2} & AALY T EL7E0.05
MU (mouse unit)/g ©]5}2] u|gko & & F AT} Jang et al.
(20052)2 7+ Aol A] A%t viA[= & nhH| A i RsaE
3249510} ND-0.04 MU/ge] 272 AEFI9120], Jang et al.
(2005b)-> A<, FAk, it 9l SAtbol| A 3-7471A] 1 7-9] uf
B 9 i HUE Y-S AAsk] A 9ER Z42F ND-0.03,
ND-0.03, ND-0.04 ¥ ND-0.01 MU/g®] Z3}-5 B 3}$ .
o5 Hilo] mt=w sifF 9 BRA| o] A A2 nial g wfiF
=4 0% Aoliz 24 kot 71 U ALY AL B
o] o} thFE0] FE FfFma oS 3-69 YRS
o ARELE SRS e 424 04 SYLE(Alex-
andrium sp., Gymnodinium sp., Pyrodinium sp.)2 o]}/ 0]
o=, v 59| o] FE Abeo] AR A AlFES 4o
7|17 ¥= 28 EA3tH(Lee et al., 2007; Park et al., 2020).
52520 A AN HA, 7, BEA 2] S-S B 7
B} o9 mu|etE R AR Bl 7H o] @ w4 A2 2AE, A
2wz A7 5 A WAE Sla AATAGI A2 of ol v)
S 525tk ] 9wt S A ol A= v miel A sl
527} AZE T 9o, 0|2 Q1 AFE ATLE 55 B
a1 QJc(Park et al., 2000; Jang et al., 2005b; Shon et al., 2009).
Ao 2 vl aRELe) WA 23800, 459
(=2 13-17°C) 7174 Z a1 2] of) o] 27 E|u}, 20 A5t
6L THo] (4= 18°C 0] A}) AFA A HE TH(Cho et al., 2012). T
B s WA 0 A AT 7191 269 Aol B 0
A S A 05 EE BT S0l et ol

0
H

=
24

Table 4. Contamination levels of shellfish poison toxin, radioactiv-
ity in raw short-neck clam Ruditapes philippinarum distributed at
the market

Chemical hazard Sample no. Short-neck clam

Paralytic 15 ND*
Shellfish poison . .
toxin (mg/kg) Diarrhetic 15 ND
e ATINESIC 1 ND oo
Radioactivity I 15 ND
(Ba/kg) 1¥CS+197CS 15 ND

*ND, not detected.
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SHH S E xgsto] vl=, 7y, CODEX, =, Bi= %
EUY A= g F5ao] 3t 7|55 vpdste] s mso] o3k 4]
So o-eska ok S| A9 vl w4 0.8
mg/kg, AV 754 0.16 mgkg B 7]V RS
20 mg/kg O A|A =] o] glon, Bi=o] sFEa 7|Et 4
Ui} FYstct vl=tzt EUS| 45 el 53t 7120] &
A5}t AZP (azaspiracid poisoning) F50] 0.16 mg/kg o=
F7Fe o] Qlek Aiuteke] mhel g 9l 7] oA s {4 7]
AL AU FYsh AN HiFEAaE ST o
2 0.2 mgkgo & HAEo] ik CODEX AZPYF 0.16
mg/kg O & A A|E|o] 9lom, F=t2 upH|d sfFEAe 7]E
THA0] TR 42 4.0 me/kg WA T4 0.05 mke
ol itk o]t ANE-S ujgro 2 B ol Lo] Aulx|et-e nupy

A

=~

AJeho] HARg-E ofo] (Pt Al (Cs
+Cs) Tk S8t om B S EE ER1% 9lthTable
4). Kang et al. (2004)%] Aol A= ol A A3 == Aaf
F F 9Cs9) gHeFo) 0-28.4 Bo/kglom BRI 2RS 28.4 Bg/
kg® 215} Th WARs-2 AAAIZ QL YA Akl e] F7te]l
o2 A F71E 59 L 9EE, dAE B dXAL 52
2 Q3 s AE A A o2 AN, HolAES
Bato] Q7] AT Al AT EE dovl= g EHe|)
(Kang et al., 2004; Oh and Rye, 2006). £3] 2011d Y& &
FAupoll A AR AR B WAl R Qe Q1 el ol
£ FEvEke} ofAlof 21 9S 2 A A Q] AR F A
5 S Ao thgh -7} =2 Aot ool el A= AlE F
BI] 2l 4Cs+HYCsE B 100 Bq/kg o2 AAstglon, B d
14Cs+1YCs o] t8fl m]=+2] -9 1,200 Bg/kg 2 170 Bg/
kg, 7iuth= & @5 25 1,000 Bg/kg, CODEX®} H| EH->
1,000 Bg/kg % 100 Bg/kg, =2 260 Bg/kg & 190 Bg/kg,
B =22 500 Bg/kg 2 100 Bg/kg, EUS A= 72 1,250 Bg/kg
4 2,000 Bq/kg o= WAFE2] 7154+4& A7dste] weskal
Utk whebA] B Aol A AT AulA 2 WAk gk <t
7/ o] 2hi = gleo] 2l St

2 Aol A AAIGH n|AYEEHA Wl Slek EA A TE-2 At
A2 9 AR e YR e 2SAE AAAA L] AHANF
A 49, AlE M S T ol f-Eet AR EH o] &
4 s Ao, Yo7t AFAES Yo =S5t AS
of = n A=A U BFstA Ao AFsto] fEFKl| Bl
o] & ZoF iyt Eoh 2 A w7e Ysiai Hrt
9 75 o-§3 AES NYAFR-E AEE T 71 2R
2% g ¢ S AR AR

40
oim
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O] =52 2021 SUbARE Ao 2 Shsl| ety |
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