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For the safety assessment of microbiological and chemical hazards in katsuobushi, fifteen samples of katsuobushi
were purchased from supermarkets. The contamination levels of total viable bacteria, coliforms, Escherichia coli,
and nine pathogenic bacteria [Staphylococcus aureus, Salmonella spp., Listeria monocytogenes, Bacillus cereus,
Vibrio parahaemolyticus, Clostridium perfringens, Enterohemorrhagic E. coli (EHEC), Yersinia enterocolitica and
Campylobacter jejuni/coli] were quantitatively or qualitatively assessed. Additionally, the heavy metals (total and
methyl mercury) content, radioactivity ("*' I, 1** Cs* and '*” Cs) were quantitatively assessed. Microbial and chemi-
cal analyses were performed using standard methods in Korean food code. The contamination level of total viable
bacteria was 2.70 (1.18-4.42) log CFU/g. Coliforms, E. coli and S. aureus were not detected in any samples. Other
eight pathogenic bacteria were negative in all samples. The contamination levels of total and methyl mercury were
0.366 (0.227-0.481) and 0.120 (0.002—0.241) mg/kg, respectively. In addition, radioactivity was not detected in any
samples. The results will be helpful in revitalizing domestic use and boosting exports of katsuobushi because the
microbiological and chemical safety of katsuobushi has been assured. Furthermore, the results may be used as a basis
for performing chemical and microbial risk assessments of katsuobushi.
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QRN SAPLEE F SE QR0 HEAH A7
Aojtt, 7} QA= BiF 7ltheol(Katsuwonus pelamis)E
HRE 2, A2, T, 530] Yo]7] & okt 9AE A
A TrEo A bt EATRE A X ok A, ofebRAof 7
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2132 k3] ANA 0 2 A7 ek i35 Bl Zhgel
ufe AR AEO 2 QAT Gl SARRE) 27l (4K 02

Z7}5}aL Qltk(Park et al., 2014). 3FA|gF $=AHE-S- Qu} FARE
3t e ofgo|u A o] & FA o] ol AL LA FufjHct
L EAS 7HAITHKim, 2019). o] 23t AREo] whE el A4
e I AROR T2, 3, AAE, AAE 5 oY

G o] Aol AR E o] AHAE A AlSE AL -

% GAE AR SHTTRLAL SRR A o] ol S A4 A1
% o) Bl S A7IE o] HEH 0= T o R} Hrk
(Sriwahyu, 2020). o]} 7}2-.0 5 A| = Fu] 2 $J8) EeA7t 7
sgo] 72| whEs ) ol the AEe] Azo] AHEE A o
L 555 Ajo|th 7R 0 R AL 2 Hof Wil skl £
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TR ARE 7PA e RAIR o2l S= %K (inosinate,
amino acids), A%(lactate), &5k(histidine, anserine) Z12] 1 9t
= Ule 4007H4] o o] FRE e-rstal 3l7]ol(Kawa-
guchi, 2005) =571 AT E7-2] 7|5 714 ohgEt 8.7
9] grS Y=t o]-&5 3l QItH(Oh and Lee, 1989). E3H 712
S HAL w25, A|Zke] 2 A4, T AR Al E3) 9
=5 7154 "o A &= 943l th(Kuroda et al., 2005; Honda et
al., 2006; Ishizaki et al., 2006). |2 213|] H ot gt} 7|52
7R 7IAQ RS W2 axHAE0] ofl8-5taL Sl SRRt 7}
QB 5o T PSRBT S ARAFS A=t
= OlA ti7]of led ol = AlZto] Zof et nE
o 9J&l] L FE 7FsA o] s=th(Lee etal., 1993). E3F 4= EEHA4]
E7h e ABUSE T8 B SE0) G Ho] vy
ot A% AFEUASE £371% A7 AR whEol] AL
7hgobIehH AF W R St = e E o] WobA v Eol
SAB] 2 T 0= BHof A= S Ao 4= gtk
(Rhee and Cho, 1991). AA| 2 Ham et al. (2010)]] &J5}d <=
A AAIEAA At BR  Aat, E et 22 2] ot
o] A& ltkarl BarE vk Qlek
FT dEAARLR; AR 5o e d AR TA

FAIE 2 AT Ul Ak 7 Al S
& Q]F=E o]Fojx|al Qlti(Kang et al., 2017). F2 & 5=
7R o] £ A ol R ol F34 ErhEou], AR 7
moxA 0] SR AGEE FA4 ol Tieirelo] 4
$ 48 17} b ojo] Ha w9 il wae uh olrk
(Sakong, 2011). L2 2.2 X|% GE 5| 712 0 1A] o] 55H2]
L YL P A EH 02 o] Fofxjof ghrial ke

A 2 As AlSolA 852 722 R A o] ARkAlet
=, g, W AsSATS] Staphylococcus aureus,
Salmonella spp., Vibrio parahaemolyticus, Clostridium per-
fiingens, Listeria monocytogenes, Enterohemorrhagic Esch-
erichia coli (EHEC), Yersinia enterocolitica, Bacillus cereus
2 Campylobacter jejuni/coli & 9%2] @ F= A& AA|5}
i e, vEse W WA 2L Bk 0gEE &
Asto] 7k 0 R A9 ol YESFH D S5H QhEAS 7kt
17 e,

M= WU
N

NZolA] §EF 7140 A AR 157 TUstol g
Shich. 7HA O R A ZARGE ARA, HetE oA, 4
S B, PAGE A, S 132 L A
JopAof gl Rt AEAR, A4 vhe 9 etel 4
72 Bato] Teshglom Azel 2 82 WHs|Sle ofol 2
2ol 4 2B THS Sto] 6AITF o] AP AL] L 5L

ol 1= 4

=

2ol £ ol Pl AR A G S
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Fo] Baje A& 25 gol
5 AP A4 225 mLE 715te] w8 7](BagMixer® 400;
Interscience, Saint-Nom la Bretéche Arpents, France)E ©]-8
afo] 287 s} Shct. ol #Ae 1 mLg 2 & 107
s)4{ulo] whet Ha AelAlel4 9 mLol A B4ste] 34
g Aol ARSIt <)% T (pour plate method)ol] wh
2} 34N 1 mLE Putol| B55}11 45-50°CH == 23] plate
count agar (PCA; Difco Laboratories, Sparks, MD, USA)&
15-20 mLA petri disho]l oA SslRiet. v]¥E2] F4
o ®F 3 HuhajorH o g 35+1°Cof A 484171 vkt =
15-30071¢] ek B9t Bt Alg-sto] log CFU/go.2
reRd el i3t 2 oAt 3M Petrifilm E. coli/Coliform
Count Plate (3M, St. Paul, MN, USA) AZZE-S AFR-51912
1 =N 1 mLE 250l JF F 35£1°Coll A 2424171
i ot it 71327F G40 AAH e, it
7127} B A =k gjlste] Akl vAd=E 2t
9] Th9]+= colony forming unit (CFU/g) 2.2 37|55t}

AESEMTAS 2FE 24

B ApdA Tppenle] AFEA gt B4 A
FH(MFDS, 2021)14] TLAIG el ufel Axlakgond, s

aureus, Salmonella spp., V. parahaemolyticus, CI. perfringens,
L. monocytogenes, EHEC, Y. enterocolitica, B. cereus ¥ C.
Jejuni/coli & 9% 78t L P= FAS AASHATE

S. aureus®] A A5 flsf AAE AR oA AF
3 QubdlE 248 Axe #2491 mLet B AelAles
£ 107 514]3]0] whe} 5] 4j5}e] Alglo] AH85}Ct, S. aurcus
9] A7 $J3t vl A= Baird-parker agar (Difco Co.)E AR
sF3lom 342] gt HijAloll 1 mL7} =7 spread 3o 2H3]
F4A17] F 35-37°ColA] 483412 laksteic. vk & B
o 15-300719] 2ko] A4 HES esto] £t vz B
euel Feigel dyae] g Asstch. A%t Baol
A 57 o)ite] AB A Hehe Astel BERAHA) HE
5131 35-37°Col 4 18-24X13F By5te] TF A5k, coagu-
lase §7) - -50] SHRLAFS HAR 5, 20l FHH 349
ol 8|42 Fate] 2% Aesleic.

Salmonella spp.2] 78 3412 18l A& 25 g H=4 Het
Z8H(MBCell, Seoul, Korea) 225 mLE &£315}0] 36+£1°Co]l
A 182447 Sl SRt 3, o] A8 1 mLE Tetrathi-
onate broth (Oxoid Ltd., Hampshire, UK)o|| &5k} FA] ¢
Rappaport vassilidas broth (RV; Difco Co.)oll 0.1 mLof| %
Sko] 77k 36£1°C W 41.551°Coll A 2024417t 23} Sl
Sttt o]o] Z+zZhe] ZFul kol xylose lysine desoxycho-

N



7HA 0 RA) BBkt 4] 9ja)

late agar (XLD; Oxoid Ltd.) ¥ brilliant green sulfa (BG Sulfa;
Oxoid Ltd.) #j 2] of] B =gk 5 36+1°Cofl 4] 20244171 b
o3t L5 o 2 570 o4 A F{8to] tryptic soy agar
(TSA; Difco Co.)of| &A= da}a1 37+1°Cof| A 20-24A]7F vl
opstict.

V. parahaemolyticus®] 242 3l A& 25 gt alka-
line == 225 mLE £9510] 35-37°Col| A} 18-21A17F FF
v ksl o, o] 3 Ful %S thiosulfate citrate bile salt
sucrose agar (TCBS; Difco Co.)oll Ax=ds}o] 36+1°Cof
A 1821007 Eeloaf shaick. whey A3t B=Ae] 4 vl
3] Je-2 tryptic soy agar (TSA; Difco Co.)ol| A walar
35-37°Coll A 18-21A|7F ufj a3t

C. pertiingens®] 542 93] A A 2] A 5= ol A oG
St AubAlt 5748 A A 2] w4 H 1 mL 5 10 mL Cooked
meat medium (MBCell) vl #] of] 53}a1, 35-37°Col| 4] 18-24
A7 ok WS Zgslel Faobelaic. 1% W
7} tryptose sulfite cycloserine agar (TSC; Oxoid Ltd.)ol| S+
S Sl e d 3t TR, o] & 36£1°CollA] 1824417 7]
oyttt

L. monocytogenes®] A4S I8 A& 25 gofl listeria
enrichment broth (Oxoid Ltd.) 225 mLE- 7}5}¢] 30°Coj| 4] 48
A St ol om, S ul oF -2 oxford i <] o] T
o] 35-37°CollA] 24484171 vl Fstaict. o4l eto] 22l
H 0.6% yeast extract”} 334 tryptic soy agar (TSA; Difco
Co.)oll Z4E-5ke] 30°CellA] 24484171 v s 3ict.

EHECS] HAAEAS 5 A& 25 g} modified tryptone
soya broth (mTSB; Oxoid Ltd.) 225 mLE &3}5t0] 35-37°C
of| A 24417+ Zael| 519 2. 1, tellurite cefixime sorbitol mac-
conkey agar (TC-SMAC; Difco Co.)2} 5-bromo-4-chloro-
3indolyl-B-D-glucuronide (BCIG; Difco Co.)ol EAr=s
o 35-37°Col| A 18-24A]7F vljo¥slsitt. TC-SMAC (sorbitol
2 BaJ5}4) b F41412h3t BOIG (4541 Hehell A g4 e
A A Heh Hg Aol %A v 3 verotoxin PCR
(polymerase chain reaction)#ol| 2J3l ZHQIAIE-S A A3t Tt

Y. enterocolitica®] %/dw41& 18l Al& 25 g¥} 225 mL
peptone sorbitol bile broth (PSBB; MBCell)o]| 7}&} 5-A] ol
PSBB H{ %] & 715t A|E-8-l 10 mLE F|5}¢] irgasan ticarcil-
lin and potassium chlorate broth (ITC; MBCell) 90 mLof 7}
g & E3tsto] 36:1°CollA] 182447t Sl Fataiar A
£ 718HR] ¢l U3t i 0 2 A %3 irgasan ticarcillin and
potassium chlorate broth (ITC; MBCell)& A g Y o 2 3}
of Al 22| Fatol g FRlskirh SwFuldd 0.1 mLE
0.5% KOH7} 3+ 0.5% EA 249 | mLo} 212 &
351o] macConkey agar (Difco Co.)2} cefsulodin irgasan no-
vobiocin agar (CIN; MBCell)ol| 22} 5351921 30°Cof|A]
2422117} voFaalLt.
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B. cereus®] AAEAE 3l A= 25 g3 AR 4G
225 mLE 7}8F & mannitol egg yolk polymyxin agar (MYP;
Difco Co.)oll =5}ed 30°Coll A 24| 7F vl 5ttt

C. jejuni/coli®] 73 /3545 913l A1 & 25 g& 100 mL 2] pres-
ton broth (MBCell)l| £3%t5}0] 42+1°Cof|A] 44+4A| 7 n| E7|
Moz Ze stglon] BE APl thx AFINOR 5
o] A|T22te) ol S BI5eTh FHFAL preston
agar (MBCell)o] =d5}o] 42°Col|A] 2448417k m| & 7] 4] ¢F
ol Hlepaloli AR H el e BAAES $A) 0hE Abey-
ata-Hunt Bloodol| 753}0 42°Coll A 24-48A171 vl k3t

ASE Mol lA

Belore G W elHIEkS ehlg T VITEK
(Compact 30; Biomerieux, Marcy-I'Etoile, France)S AF2-3}
o BRI AXISIITE. 1 F 21 2hE Teloich
s34 ooz 24

Z4:00] BAO AZIHMEDS, 2021)0] AAE HH

I FLsHA st om, 232241 71(DMA-80; Mile-
stone, Milano, Italy)S AFE-5}o] B4 TH 2422 #2sH
AR 0.1 g& Flto] 254710 Fdske] 12(650°Cell
A1 90%), E3}(650°Cof| 4] 180%) W oFr-73Hamalgamation)
(850°COIA 122)0] T4 0.2 AAalgich BHZAL Lre
1,000°C, detection> dual-beam A.A. spectrophotometer, -7
253.7 nm, =4 10-50 mg, absorption cell: dual cell/ther-
mostat I carrier gast= A4 2 A A sto] AYSHAATE F 2

wa0] Hoby W AR 2ele EEZFE certified ref
erence material)2] DORM-4 (Fish protein; NRC-CNRC, Ot-
tawa, Ontario, Canada) 2 1566b (Oyster; NIST, Gaithersburg,
MD, USA)& ARESHATE -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&a}git}.

W B4 0.0 A2 2 (MFDS, 2021)0l| 4 33 1 of] whet
A8 8ol A %235 th-2 HR-Thermon-HG (0.53 mm X 15 m;
Shinwa Chemical Industries, Ltd., Kyoto, Japan) Zg o] 212}
¥ GC-ECD system (Gas chromatography-Electron capture
detector system; Agilent 7890A; Agilent Technologies, Santa
Clara, CA, USA)S.2 24513t} o] of wE4-20] 2412
injection®} detection temperatureS 212} 150-160°C 2 150
170°C=, column oven temperatureS 80°Col| A 387+ §-2| 3t
5 20°C/min®] &5 2 130°C7HA| A5A1A 92819 aL, carrier
gasE A4 syl om, QS 1 uL& sl

WARs BAS AEZHMEDS, 2020004 AFer W
sho] AAISIAT WAks BAS Sl A= %
olo] of SHIt SH7|5 AT ¥

[,
2
Mr



434 FUF - P23 - gas -

2§)7](HMF-3800SS; Hanilelec, Ulsan, Korea)® Zro} A %3}
Oﬂ"% o]o] marinelli B]7|o]] Y9Il oF | kg 3t & 2 =5}

2% 2oy ZulsiEEA7|(OCTEC GEM-60195-P;
Ortec, Tennessee, TN, USA)E AE-5Fo] WA 24519
th 4o %] 2] ¥ 9= 0-2 MeVE 313 om, A A 7H Z|
42 10,0002 3! 24} #F-2 ofo] @& (lodine, *' )3} Al (Ce-
sium, 13Cs", ¥Cs)© 2 3}t

=k
=

K

Znt
AB0| SEB9! FMREAI AN, (HERT
HEd QAT EA

AlEolA -85 7kA L FA o] AnbAlt, EH et 9
F 9% Table 10] LR Qith QubAl 4 15749] A=

ofl 4 91 = 270 log CFU/g -0 2 Ljehyko o] 714
=0 002 o] AEo| A 4.42 log CFU/gd] 9. Q=S 1Y
T Kim et al. (2017)2] $1-0] 25HH A A Eo| Al LREA]
F 999%7} 3.13-3.68 log CFU/gO.2 B4 02 B dr
U2 o LYEE HAlth 72 RS S 7]t
% ARbAlFol tigh 712 ¢l oL Solberg et al. (1990)7} A
Al kA ¢HH 7122291 6 log CFU/g ©]8F2 Ll Blal

Table 1. Contamination level of total viable bacteria, coliform
group, and Escherichia coli in katsuobushi distributed in the market

Mean (log CFU/g)

Positive no./total

Total viable bacteria 15/15 2.70£0.73
Coliform group 0/15 ND
E. coli 0/15 ND

ND, Not detected. Data represent mean+standard deviations of
three measurements.

Table 2. Contamination level of food-borne pathogens in katsuo-
bushi distributed in the market

Positive no./total

Staphylcoccus aureus 0/15 ND

Salmonella spp. 0/15 Negative
Listria monocytogenes 0/15 Negative
Bacillus cereus 0/15 Negative
Vibrio parahaemolyticus 0/15 Negative
Clostridium perfringens 0/15 Negative
EHEC 0/15 Negative
Yersinia enterocolitica 0/15 Negative
Campylobacter jejuni/coli 0/15 Negative

EHEC, Enterohemorrhagic Escherichia coli; S. aureus, qualitative
analysis; ND, Not detected. Data represent mean+standard devia-
tions of three measurements.

oG - BT - Al
A QAT A0 R PR SN SRR E e A4 E
]

a1
filjo
Apv
N,
o
o

S 4 slef Wizl eyl ARSI AAE Kim
etal. (2017)8] A2 oA 47 A7) e

o2 thet Aol ARstol vjgE lﬂm ® 23
2] Aol A s =7 S7FES v E S4 0l 19
Mo Zr1srka W sielch. weky Az Ae) A9 71
SRAI Az, B 8l 5 § G AUEEE RISt oF
ahof 2oulake] 49 ol A% A|FS] WgolR 2olzt g F
FhEEel Qs RS A oHA EEsto] FETF R Skl \
BH=Al0] Fa5H}

ASoNA 55 A 7H2LFA 157 &ttt 3 2
5 EXEEtk(Table 1). Kim et al. (2019)] <1 |
Bl A Al WY o e 2 g 22
I 7)F2] o3t B EHER VUERSL 31 Solberg
et al. (1990)2 2] f tig<t<t oHA 71#13 3 log CFU/g

ofaliz A Btk ol ol ket ¥ Ao M BAIF p2 0 R A
MEZ O H| w3 orAscty IE oy A A O

o2 BHQ o] HES Ui AE AlF F shtoltt
(Park, 2009). th gt A2 A4 Fok A= AN HE
5 HAH =4 74

22 Al E51e 7ol

et
oA

Al Salmonella spp. 2 Shigella spp.
£ LR 4 5lef 430) 73 e
U IRl 2 o 5 = 7]:0] HrkLee etal,
2019). A EF HR A0 HEE A 0 ekt 4
Aow Ao o R EAD Al o] AR ofofut tof
Aol A Arg A Tk mEbA 2 ARl A 247 Al
o g 9 ol B BA%E Uehg g Al
W 5 Sl A HISIA] 2 U AL RO AR F
A% a1 5 9710l 1489 o]k 2k

= TaTraEa
TR AI0| WM 2 B4

AS0l FS52

NgolA] SE22 e B B AAAIEY odE At
L Table 20]] VL] S. aureusA 7:‘ QO AerB st Ayl E7]
=2 Yelgt e UM A| Salmonella spp., V. parahaemolyti-
cus, C. perfringens, L. monocytogenes, EHEC, Y. enterocolit-

ica, B. cereus, C. jejuni/coli % 89 T3l FdEA st A3} 2

skl

Table 3. Contamination level of chemical sanitation in katsuobushi
distributed in the market

Total Mean (Range)
Heavy metal Total Hg 15 0.366+0.085 (0.227-0.481)
(mg/kg) Methyl Hg 15 0.120+0.068 (0.002-0.241)
Radioactivity 'l 15 ND
(Balkg) 1% Cs+, ¥Cs 15 ND

ND, Not detected. Data represent meantstandard deviations of
three measurements.
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A © 2 Yebytth Ham et al. (2010)2] &tol| 9J31H $=AHAA]
£2107 % PR, sHlei AR, BT U 2laselo]
0] 5-15%2] A=l A 22| = Aetal Bare v let. s A
FollAd BlaA FAo] Thestal Mo At A P 7} §le At
AAES hAho 2 BAS ANSHAR 0] b0 3
= AAY T AE SAS A 5= = 70l 71l
A% UEHA) 99kS ACR BEHE), AR Lovdal
(2015)= EAM ol A B == Hl=eketE 52 ol nid
2o WA ATk Rasteich el FnonA AF
Sg0] 7|E 1AL A B0l 917 oo vlat u Aftete] 4
2 S. aureus 10* MPN/g, Salmonela spp. 273, HIEH 2] 749
S. aureus (<10* CFU/g), Salmonela spp. &3, V. parahaemo-
Iyticus (<10? CFU/g), CI. Perfringens (<10>* CFU/g)& A A|5}
of THeJSHaL 9l Ao A] HAR b2 9 BA] 15719 A
© Al BN A%, B Y BRI 9G] ke,
SHAIE b2 @ A 22 Tasho] S92 A125HAlat efsof
7 5 &40 ERo= P5e] BEs| TARelglel 44151
= gk whebA] Al BAE e AT B U e fold
o] FAlelo] 455 BAIE 2o 4= 9lo] olo] gt A144<)
e B A7 Bastt,

A0l R85 7IMQEAQ Z+2 H HES
SR

AgolA FE52 7HALRAl AR 15700 gt S92
| gl4=0.0] B4 Al Table 30f VFERH QITh 7FA QHA] 1
Aol Alzof gt F42-2] Hal2 0.366 mgkgo = 71 1%
& LYEE B AlES 0481 mgkg= UERHTE WEsS
O] A% 7120 RA] 15719 Alg o] a4 Hat 0.120 mg/kg
) 0241 mg/kg $29] LAEE Hyrt 242 9 Wy
2o thgt 7} 0 BAS] I 7] A2 AA = o] Q1A ¢ke
™ =919 -9 ml= wE 42 1.0 mg/kg ©]s, 7t S
1.0 mg/kg ofs, F= e 1.0 mg/kg |5}, B= HE 42
0.5 mg/kg o5}, HIEE -2 9 wE4-& 1.0 mg/kg |5},
EU 52 1.0 mgkg ©lt=2 AA] Hlofgleh & AollA] 7t
P QOB AR 1571& HE =9]9] 7|2A] o[ &2 A3k K
At 22 Ao A A R Aot G505 SF5HA
Fejoll whet Yadg, 742, 714202 EE Y, Y
3 Foll EAl8l= 422 AR Fr]1=22] Fejolrt. 17
22 B E-E W A7 Aol gt S o s 474
2ol e 02 HEkE 4= 9 0 v(Craig, 2003), HEHE o
e 2 A5 02 Aluks A Faksto] 53414 A el
A gl Tolel= g BSAYTIFI OB A T4
Al FEFE A of2] P o] 42 Foll A FAo] 71 7St
THKim et al., 2005). & 4=2-2- F3}5} vh3-of o8] tim| =3t
£ Zot] thA] F7]4=2 0 & W] 7| e sl sidlo] g7 g
£ Asoll A= F3FREE-2] 7hsAgdo] Wot, =4lo] Zloj 4

rlo
o

1

p

(oS

(

2

skt gl BA 435

= %5 A& ZX)3tck(Jensen and Jernelov, 1969). 3f| %2k
730 & v {7522 A e A G| Hol AT S AR A
AaEsEolths 54 0= gl 15AEA ol 55%7] wel
A o)Ak ) £ 91Rlo] Qs S o150 A9 e o
o] mjglpL0] 22 gju, AlX| 2 Sakong (2011)2] ¢17-of| &J5}
H o2 of ol vl 7FA 0 FA| o] 2 =Rl 7irho] 5 thE
SA4 ol5 el 42 5 Ert v ek wnd vt gl v
2ha) 7oA 0] AR ol Fieiol 0 <l 9]
3 7hsAgd ol 7] wwoll A|4A Q0 24T A2 5 =
CRETPREEE

ANB0 REEL! 7IMEAQ| BiAls @EE A

AFNA §EE 12 0HA9] B 91 RAL Tar
ble 3] UpEFTh HARs 412 ofo] (P Dol Al (P Cs',
7o) S S4SO0] AR 157 B BUER bt
th. Lee et al. (2021)9] AA-Fof| oJa}H 7% o7 7ha4& 30710l
A B FeRL 0.04-0.20 Ba/kg, ' Cs* 3HES 0.05-0.24 Bg/
kg 2 57Cs TS 0.09-0.24 Bg/kg®E YEFF-S HIl5HS
ok ARSS QUAlol =2 Al ZHAol SA E o] o FEA
7] At DNA H3}E o o4 ol= ¢ =& o]th(Kwon et
al,, 2020). 53] SFAWE A ARL o] % WS AP 2 H
ZhutttRE F2E o] Y2t e vehe] A4 Ak Tt
A& dAsHA =45kt 7HA L BAS] WARgo tigt =
Q] 7154 e utet 4 Cst, T Cs 9 P B 100 B/kg,
u=-9] 7-9- 242k 1,200 Ba/kg 3 170 B/kg, $=2] 4 2t
7} 800 B/kg @ 470 Bg/kg, B EHT+ CODEX®] 79 7t}
1,000 Bg/kg % 100 Bg/kg, EUS] ¢ 2+2F 1,250 Bg/kg 2
2,000 Bg/kg, 7HLFTHe] A9 w1000 Bqkeo 2 A5k
AUTH 2 Aol A 7FAQFA A= 157 5 U2} Al 9] =9
712 Aol st ot el ek Qi Qe kel wh
74AQ HAIE G AR ol Tt WAR A2 X520
= Jasjrial FekE)

2 Atol| A AAIRE A Aol A 552 7HA LAY |
A&t Wl ohehy BTS2 gl 9 e 71 E 0l o
off 2}5FA] QLT e o] R TP RAIO] H o
H 0] G Eol Wr|of 7k 9 Hatk A] Mo 2007}
[tk & A A AR AA D 7S AIE AArA ] 7]
=714 Y, A ESH 9 31ekA oHAA] S 5o 2ol A
83 AmEHN o8 5= Q1S Alolth B3l Q)= pEFH=
5ol ngESHA 9 BlekA] Ao Agtste] S ARE-9]
st =253l ol E Ao wAntEr

Al AL

o] =R 20214 BPALE A0 2 AHYIE7| &
F919] AL ol £ H AFUPIT201277, Y FAPISH

22t A thHsh A ).
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