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For the safety assessment of microbiological and chemical hazards in dried sea mustard, fifteen samples of dried
sea mustards Undaria pinnatifida were purchased from the supermarkets distributed throughout Korea. The con-
tamination levels of total viable bacteria, coliforms, Escherichia coli, and nine pathogenic bacteria [ Staphylococcus
aureus, Salmonella spp., Listeria monocytogenes, Bacillus cereus, Vibrio spp., Clostridium perfringens, Enterohe-
morrhagic Escherichia coli (EHEC), Yersinia enterocolitica and Campylobacter jejuni/coli] were quantitatively or
qualitatively assessed. Also, the heavy metals (lead, cadmium, total mercury, and inorganic arsenic), and radioactivity
(B, B*CS+1¥7CS) were quantitatively assessed. This microbial and chemical analysis was performed using standard
methods in Korean food code. The total viable bacteria ranged from 4.3x10% (5.0x10-1.5x10%) CFU/g. Coliforms
and E. coli were not detected in all samples (ND, <1 log,, CFU/g). All nine pathogenic bacteria were qualitatively
detected as negative. The contamination levels of lead, cadmium, total mercury, and inorganic arsenic were 0.036
(0.015-0.051), 0.117 (0.088-0.156), 0.030 (0.017-0.048), and 0.058 (0.056-0.064) mg/kg, respectively. Radioactiv-
ity was also not detected in any sample. The microbial contamination levels determined in the current study may be
potentially used as basis for performing microbial risk assessments of dried sea mustards.
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st a4 9 WAks 22 AlQui=, vy E HE] R &
5590 Y= AL B Qltk(Sato et al., 2002; Suetsuna
etal,, 2004). = o] 0] YA A= Apol= 9ot At
OF 45THE o]Afo] AJAE| L 9l o, 2021 AYAFEF oF 58%F
07 4§ u|go] ¢F 325kE, A& Ho]g-o] oF 267E0]| )
t}. o] F ETFo] 4T OHEC B FH O B = 1687 Lo
Sk 210 2 LrERFTHKMI, 2021).

el A AJE] AL Q= v o2 Al 2 e ol whek v o a o
dule e s U A gtk 71 F v ole) A9 nge o 1
Zsto] A7) Ho] golstie s A 2|3k AlF o2 obty 7}
T 5 glo] A Aol A A xsh= 97t ti 2ol tH(Choi
et al., 2008). o|=|3t AFA A= A|9] FAIH 1Y W 54
o) gt A FZ A of oA A& LT} ul$- 2]al o] 2 Q]
sto] mAEo] @ x]7F Ak B3 APA D 7T A ol A
o] ffafj e whe|7} nlEsto] s asof thet oHAd A7
FE| AL Aok 1] iEo] SA|9} QIR vt A 22
AYALE] ALY QAL E| AL Qlof QItof AT =AY, 71 A
A, ol-& AHk ol A LAY Sz ARbAletS, tidwt<h, T,
A=A T 22 AAETA 0 Aol ofsto] $jAyshA ¢F
Aol Yok 7] gfoh B3t s 27| FH2 o] 2 gt v
= FolA BlAe 22 FaES wEA Ftte] 8T 49l
o, Zratal\(Ulva lactuca), ThA|UH(Laminaria digitata) 5 TF
&t sz froll Al e F4 o] Hark Al Jlei(Omar, 2008;
Ronan et al.,, 2017). 4Fiste] FARE= WAH Sa552 A%
Zoll =] o JAYH g2 A= Ao] uj$- of 2%
o, Ab moll 017 EH = Hhe 2 2w urA] grot A
Yl &2 4J0] =t} E3F 1974 FAO/WHO 3HsHE719] 9]
= Ao e el el e HEA R a4, AR Ee (R
7194A), PCBs 5= AAlet o, 53] th 20l -3l 5=
L0725, 74, 2, 4 Tl itk

whaba] 2 A-tol| A= ARbAlFE, i, tid+F 2 959
A\ 2= Alw(Staphylococcus aureus, Salmonella spp., Vibrio

parahaemolyticus, Clostridium perfringens, Listeria monocy-
togenes, Enterohemorrhagic Escherichia coli, Yersinia entero-
colitica, Bacillus cereus, Campylobacter jejuni/coli)®] 237

£ BASIST ohel 450) SF4(, TIEE, 352, 7
7)), s Bk 22 ko @ A= g Bkstel Al ele)
u Ayt ol o|3fab o AlS HksA) Fie.

ERTETE

s PN E=3

0] (U, pinnatifida) A/ 2= % 1572 427510] ALE51
o] ZAm ol FA(1A), s, AR A), A1),
A1), 15(17), A1), FH(1A), 132), oAk
), maHA)o] AT Q= Fute, AEAA, £l &

o

BE Y 7ol e, 2 U2 AEEA(MFDS,
2021) A 7. A ] A3 D FmiH ol whek AAIsHiTh £, Al
2= FA o)A 22} L. AL BR8] &5l o

S FAISHAA 12417F o] Wjof] A= 24F
a1, A YIS Folo] gt Alg e & ZA] 4o A}
SFRATE

0|0l thet ZLHQ| 7|1ZHZ &AL

An o) U 9] 7|54 U O] 79 AF oA
oA Helshal = A58 A(MFDS, 2021)2, =9]9] 7451
<to] FDA (USA FDA, 2021) 774 4 7|8, 7juieie] A<
BAR HYH(Canada Food Inspection Agency, 2021) 4%
oF7IE 9 AW, FRe] A9 27H91 7179195 (China
National Health and Family Planning Commission, 2021)%H
e @ 7]E5H4 NHCHH 4, Hi=19] 79 FDA (Ministry of
Public Health Nonthaburi Thailand, 2021) 42| 715 4 1
A&, WIEES] 749 B AR A5 =(Vietham Standard and
Quality Institute/Food Safety Institute, 2021)A] =] A 7|&
14E, EUY 39 7841594 £ 3] (European Food Safe-
ty Authority, 2021)] 4% 74 L AHAe] 7| EFHES, 1
2] 3 A A1 4 9 €3] (CODEX Alimentarius International
Food Standards, 2021)7| &1 22 ARl 4 2]sltt.
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ARMA e, bt 9 o=t o] 2412 213t [A ] A&
g Az $J8l AR 25 g2 Hstol B AeARS
225 mLE 75t} o] % o+ 7] (BagMixer 400; Interscience,
Saint-Nom la Breteche Arpents, France)S ©|-8-5}o] oF 252.7¢
s} soich. A8 A2 | mLeh B A4 10
A1 8ol ufe} 3]4j5t] 1 gl Aol Mg slaict. out
Mt AAE A& 1 mLe} 353H 3 el 2] (plate count
agar; BD Difco, Sparks, MD, USA) 15-20 mLE petri dish
of 15 5 olabA| Etstol 351 ColA] 4882417k B ek
o} At W )-8 3M Petrifilm E. coli/Coliform Count
Plate (3M, St. Paul, MN, USA) AZXZES AR89 o0, A
e A& 1 mLE i+ AZZE 1 (Petri film™ CC; 3M
Health Care, St. Paul, MN, USA)o]| & 3 35+1°Cof| A] 24+2
Ak oS el A HA 1 91z 7|57t
A A, P e A 1 5912 71 A E A A

o Ajere Asol). Ha 15-3007he] Aeto] AE Bt
2 sajol Amaiolon, sl AE Here] Bohs A8l 1 mL
F colony forming unit (CFU/mL) 2.2 A5}t
NBENE 24

K
N of

&

R

0

2 AtellA An| o] AlFEA|tol iRk £ A
(MFDS, 2021)0| 4] JLA|gE BFH o] wha} AA]3}FG) 0w, 455
Mat& & 9572 S. aureus, Salmonella spp., V. parahacmo-
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Iyticus, CI. perfiingens, L. monocytogenes, EHEC, Y. entero-
colitica, B. cereus ¥ C. jejuni/coliE A3} SA3}% T

S. aureus®] HFA FAS 1ol A2 Az ol A At
URHA|ot= 5788 A 2] A= 1 mLe} B+t 2295 10
Z1 Bl o] wet 3] AJsto] Aol ARg-SFITE. S. aureus®] 3
S Y3t v A= baird-parker agar (BD Difco)E AME-311S
™ 370 v z]of| 1 mL7} =7 spread 5tof 23] F4=A1X1 &
35-37°Col| A 483 A7t ujeFshGiTt. viF & s 15-3007H
o] Zjeto] A E HhS gisto] Bt = Zeaiel FEd
o] AAM 9] ks Alestoint. Al oA 57) o9
AgAQl ks Adste] BgshduA]o HEstar 35-37°C
ol Al 18-24A13t v Fsto] Z13fd -k, coagulase 54 7
S0l SRl S AT %, RIS HE @] Hato] o)
45 Fotol % Bl

Salmonella spp.2] 84S Q) A& 25 g} FEA P
8- (buffered peptone water; BD Difco) 225 mLE &3}a}
0] 36£1°Col|A] 18-24X|7F Zwul et 5, o] AIF-&H 1 mLE
Tetrathionate broth (BD Difco)®fl 2533} 5-A] o] Rappaport
vassilidas broth (RV; BD Difco) B 2] o} 0.1 mLe]| &5}o] Z+
7} 36+1°C U 41.5+1°Cof| A 20-24A17F 22} ZuljoF 5Tt
o]o] zFzko] ZFufoFolS: xylose lysine desoxycholate agar
(XLD; Oxoid, Hampshire, UK) & brilliant green sulfa (BG
Sulfa; Oxoid, Hampshire, UK) agaro] ZA1=435F & 36+1°C
ol A 20-24 417t B FaEiet. 1 5 ol ek ST o] A FH )
o] triple sugar iron agar (TSI)ol| &A1 =&}l vl oF37+1°C,
20-24A17H3t 5 QA E]= -2 VITEK 2 (bioMerieux, Dur-
ham, NC, USA) SIA| S &3l =I5ttt

V. parahaemolyticus®] /3542 98f Al & 25 g} alkaline
peptone water (APW; BD Difco) 225 mLE 2§5}o] 30°Co]|
A A8AIZE St Bl e, o] & Ftuljfoll thiosulfate
citrate bile salt sucrose agar (TCBS; BD Difco)]] &4 =35}
0] 35-37°Col| A 24-48A17F Ee|ufFat it wiek At F S5
o] A v] &) HEkS tryptic soy agar (TSA)ol| &A1 =as}ar
HiSH(30°C, 24-48A17H3E - 2] =)= o VITEK 2 EIAIY
= &l eIk

C. perfiingens®| /342 S8l A 2] Alm= kol A o=
Tk kAt 5748 A1 2] AlE-8-2 1 mL = 10 mL cooked
meat medium (cooked meat; MBCell, Seoul, Korea) Hl %] ]|
H&3kaL, 35-37°Col|A] 18-24A17F Bt 7S shalct.
247} tryptose sulfite cycloserine agar (TSC; Oxoid, Hamp-
shire, UK)ol| Sl S FH =T g ok, o] & 35-37°CO
A 18-24A17F A7|8 o o o, B8 T o 7HR] S A
ehS HgtbduR] o] A =bste] A7k W 7S
Aol AAlst o, 27|ujekS 9] vHs g¢lof tis =
UAE AT Tttt o= A E HE2 VI-
TEK 2 2RIAE & Faf Zelskeict.

G SRS - oA - Y

L. monocytogenes®] “J/3HEA4S I3l Al= 25 gof listeria
enrichment broth (Oxoid, Hampshire, UK) 225 mLE 7}l
30°Coll A 48417t S<tufi o 51 om, St S Oxford gt
ZufRlof] =ato] 35-37°CellA] 24-48 417 kst 3ict. 24
Zeto] g% H 0.6% yeast extract”} ZFHE tryptic soy agar
(TSA)Oll F&3to] 30°Col| 4] 24-48 417k vl s}l om, Z1ghek
A7to 2 g E g VITEK 2 Q1A S S3) gHols)
et

EHEC?] AAEAS 5 A& 25 g modified tryptone
soya broth (mTSB; Oxoid, Hampshire, UK) 225 mLE &§}5}
o 35-37°Col| A 24A|7F ZHaleF 519101, tellurite cefixime-
sorbitol macconkey agar (TC-SMAC; BD Difco)$} 5-bromo-
4-chloro-3indolyl-B-D-glucuronide (BCIG; BD Difco)ol| &
Aredbslo] 35-37°Cof| A 18-24A17F vljoFslsict. TM-SMAC
(sorbitolx #3li51A] Y= TR et BCIG (B354 =
ol A B/get AP A Ql ek HEg Aol &A vkt =
verotoxin PCR¥ ]| 23f] 1A & 4353t}

Y. enterocolitica®] /54 5l A& 25 g} 225 mL
peptone sorbitol bile broth (PSBB; MBCell)o]| 7}&H} F-A]of|
PSBB H{A|E 7|5F A|EE-9 10 mLE | 35}¢] irgasan ticar-
cillin and potassium chlorate broth (ITC; MBCell) 90 mLo]
7kt & Egsto] 25°Coll A 48417t Ftul ok skt FafHl
& 0.1 mLE 0.5% KOHZ} & 0.5% A2 4 g 1
mLe} F31.7 531510] macConkey agar (Difco)2} cefsulodin
irgasan novobiocin agar (CIN; MBCell)of| 212} %313 2™
30°Coll A 24241 7F vl F8t &, MacConkey agar (-5 H]&
Sishe A2, CIN (34157} e 4ag woli 12 22t
AR 22He VITEK 2 29l4 82 59 Salaksict

B. cereus®| /A4S S18] A& 25 gt B A9
225 mLE 7}¢F $ mannitol egg yolk polymyxin agar (MYP;
BD Difco)ell FE5t0] 37°Coll A 244171 vl Fatiet. v eF &
S 9 2 BEA A2 Aste] BB 3
Fko] 30£1°Coll A 24A17F i eFstelet. A2l Heh2 VI-
TEK 2 2RIAE & Faf Zhelskeict.

C. jejuni/coli®] A4 EA1S- 98] Al & 25 g5 100 mL 2] Hunt
broth (Campylobacter supplement 37}, MBCell) 1= Pres-
ton broth (MBCell)ol| &3¢}l 35-37°Coll A 4-5A]7F n|&7|
2 12} ZatuloF F 42£1°CollA] 444417 1] 37] 2 0 =2 23}
Sl sholnh. Sl S preston agar (MBCell)ol] =2
510] 42°Cof| 4] 24-48 A1t H| 5714 Aol A] vl FagloH, A
A ek HYAE YA - Abeyta-Hunt Bloodoll 745
o] 42°Col|A] 24-48 417k vl Fal it REETE O] A Feto]|
i3l VITEK 2 2RI 2 53l 2H<lstict.

i P N - |
SsSo= 1—5!
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tisto] EA ST T

etal. (2016)2] Ao|A] AH

%3 A& 1 g& Fsto] H|

L, o710l a4 Eﬁ% et A4 P 10 mLE 73t & Auz

of| A oF 150427+ BH-S-A|A Al x5kt o]oj A Al=9] ¢ &

= $J5te] =2 Bafl71 5 UHA| A 7FE T 2 150+5°Col
]

A 400427t 7+ E'ii A m= g2 gollo] E wj7hz] AA|
O}OC‘EP ToH ﬂr ]z% -E—’SH7]4 732 ol oS 7|

Ato] 1 mL A=} H &
SAIZ T ILFJ Al H|ZE Eel 7] °ﬂ %Ji A8 1e=E A
A10 mLZ ThA] ZFekT A=) o ot gz &
3i719] D, 7FE(150+5°C, 400T)°P~ TS o W
SEUTE HZE #3719 FAto] 1 mL F== A SH513
o 2 E FEIIAL 2% (viv) PAe = A Gafisto] ot
48 (100 mL) Al-§H o2 ARSIt o, 7H=w2
Ao A gHL o] g3to] SEATZ ] H47 (nduc-
tively coupled plasma spectrophotometer, ICP; ELAN DRC
II; PerkinElmer, Santa Clara, CA, USA)E AMg-3lo] 218513
3, B Z AL AEFA(MFDS, 2021)0] AlAE Aoz A
Astol HAIstec,
$00 AEFHMEDS, 2021)9) Wo] uet #Yske)
AR 0.1 g& 33t 213 +2547](DMA-80; Mile- stone,
Milano, Italy)& 415} ek S 2412 22417 Al
£ Fskar, Ax(650°C, 90x), £3l(650°C, 180x) W of
W7+5Hamalgamation) (850°C, 122)3}o] AA|3}IT) 242
HAof gt e Ail= easy-DOC3 Z 2 13 (Easy-DOC3
for DMA, Ver. 3.30, Milestone; GitHub, Inc., San Francisco,
CA, USA)E o|&35}o] A3l 242 I:'HA Asba) 1l
AEA gole Q5= (certified reference material)Q!
DORM-4 (Fish protein; NRC-CNRC, Ottawa, Ontario, Can-
ada) ¥ 1566b (dried sea mustard; NIST, Gaithersburg, MD,
USA)E AHEEke shtck ol 2419 eadle
T=E 1,000°C, detection2 dual-beam A.A. spectrophotom-
eter, IS 253.7 nm, FYHFS 10-50 mg, absorption cellS-
dual cell/thermostat= carrier gasg At = 3}% T}
782 SRR AR | g F5to] §7]of YAl 1% EAt
B 5 mLE 7lsto] 90°CellA] 90423t A FE3H3Ich. oluf
271 302 5t A=t 1% ZFARgAo] 23] Ao 5-10
8 U0 285 gEol 240, £2 o/l 22 9
25 mL7} &7 3 & 2 &tskar 1087 4E2(3,000 g)
shich. AaEe 3 J% Ve 2] HoPOﬂl thl 1087+ 4
A1E2(3,000 g)O]-_]_ I AE8S 045 um membrane filter
(Whatman International, Maidstone, Kent, UK)Z ¢]1}5}o]
A PLHo g A5yt v A FFekE B8 HPLCY) 2%t
H ICP-MS (Nexion 300D; Perkin-Elmer SCIEX, Waltham,
MA, USA)E a3tk o5/ 0.05% (viv) g

de w2 g o

(Sigma-Aldrich Co., St. Louis, MO, USA), 10 mM sodium
1-butane sulfonate (Sigma-Aldrich Co.), 4 mM malonic acid
(Sigma-Aldrich Co.), 4 mM tetramethyl ammonium hydrox-
ide (TMAH) (Sigma-Aldrich Co.)Z Z3§t3}o] 10% 2AHg-H
(1.8 mL/L)S.2 pH 2.70| gt5=o] 243k & ARg-sI9laL, &
A8 AHL C18 MG (4.6 mm X 250 mm, 5 um; Shiseido, To-
kyo, Japan)E o]-§5t¢loH, AH &= 25°C, FUF 10-
50 pL2 ARE-3FAT.

e AEFHAMEDS, 202)°) W3e st
of AAIBHACE WARs R4S Sl ARe) AAzhe F2T
(20 mesh)o]| 2lof oF 5E7F £7]15 AAT 5 E47|(HMF-
3800SS; Hanilelec, Ulsan, Korea)i Zrol A|Z3} L) o]of
Al Marinelli v]o]A o] Wil oF 1 kg F3t 5 dg-sfo] e
T A2nkg oA 7(OCTEC GEM-60195-P; Ortec,
Tennessee, TN, USA)E 24519t 24 of| | %] 2] H=0-2
MeVZE 3} o, ZAHAIHE 24 10,000%, 12|31 A4 o
A HEFZ 2L E(P D AlE(HCst+Cs) o & 51T

[N

Y o

A0|He| PYX|EMZ =4

2An] ol ZAsH= LPYA FAIH P RIAE, ot o7
)0l T 24 A= Table 104 b vlel 2ok, -2y}
AlEFE 0] A 7|Eoll A n| o] AR, itk 9
&t 18-S A E o] AA] eEek, Tt Solberg et al. (1990)
o A|AIgH H|YEH] 7R Q] LHAF4= 6 log CFU/g, o
715 3 log CFU/g o8} 7] vl g off 2 42
= AU F4=9] A B 43X 102 CFU/ge & HEE L
o, 2|kl 1.5 10° CFU/gt= A 71 olskz A5 k.
bt oS S E(AETH <10 CFU/g)& Ureht
Solberg et al. (1990)0] A|A|3F 7|2 & 223111 Qo] A A
©° 2 obAsHA el ickal TeE ik Yoo et al. (2000)2]
kol oJst w9 9 7 kA= 1.0 % 10°-4.0 X 10°
CFU/g, 32> EHE2 &2 @?awe} H] SRt S UE
ui%len, Bark et al. (2014)9] oA Aujeio] ¢ oA

Table 1. Results of sanitary indicative bacteria in dried sea mustard
Undaria pinnatifida

Microbiological property ~ Total Mean (Range), CFU/g

Viable cell count 15 4.3x10? (5.0x10-1.5x10%)
Coliform group 15 ND
Escherichia coli 15 ND

ND (not detected) at <10 CFU/g. Data represent means+standard
deviations of three measurements.
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HEAlet= 4.40 log CFU/g7HA] 9] g Uetie] 2 414
shich vl @ ot e A0 2 Sl oA 913 JE
= =4 @2 Ao 2 YETE A4 Au| o] drtAltaE, of
A 9 ool dg el 1 AE kel 4¢
At n=5, c=2, m=4 CFU/g, M=40 CFU/g, %=+2] 7-$- dut
A4 n=5, =2, m=3 % 10* CFU/g, M=10° CFU/g, t| -7
n=5, ¢=1, m=20 CFU/g, M=30 CFU/go|H, E}=-2] 74t U4
Alet4= n=5, ¢=2, m=5x 10° CFU/g, M=5 x 10° CFU/g, th#
+ n=5, c=1, m=10 CFU/g, M=10*> CFU/g 2.2 AA| & o] 3111,
)=y, CODEX, HIEd, EUQ| 79 L5 A|A| =] o] Q1A bt
2 AF A= =W D oA AR 7 & A S S50
O u, o] o] & Aol A HA = ARE-SE | 157 Tt 9]
AR FAE ] AR wlFo] Hop S €] 7]&5+4 Yol o

njRete BAES g AR ARt

2H0]2j0] ASSA

=~

-

o

M

=~

El]
HI

ol

12
=
el
+
£
oL
N
M
HE

5 A TN A
B2 ALE AAESH A1E - B A A 0
_"

L LS
T % QoL AENAY ol oS A EAIE 27

}.

i

Hu
p

S|
o=
A ARt S0 HEO] Al AT ES 4o = U= 9%

HAde Fstaat skiek vl o digh F8 A5 At
(S. aureus, Salmonella spp., V. parahaemolyticus, CI. perfrin-
gens, L. monocytogenes, EHEC, Y. enterocolitica, B. cereus,
C. jejuni/col) & 950l TRt A A= W7 5/ 0= LreRyd
T}(Table 2). Kim et al. (2006)2] ¢1-10l] 23} B. cereus?] 73
% A, BATE vl SellA Z42E 10 CFU/grE2 2 HEH U
W, CI perfringenss= 2 5F S5 F ot Rskict An|
of o] o] A Sl that 7| &7 AL Atrhe] A9 S. au-

Table 2. Results of 9 food-borne pathogenic bacteria in dried sea
mustard Undaria pinnatifida

Food-borne pathogenic bacteria Total
Staphylococcus aureus 15 ND
Salmonella spp. 15 Negative
Listeria monocytogenes 15 Negative
Bacillus cereus 15 Negative
Vibrio parahaemolyticus 15 Negative
Clostridium perfringens 15 Negative
EHEC 15 Negative
Yersinia enterocolitica 15 Negative
Campylobacter jejunil coli 15 Negative

EHEC, Enterohemorrhagic Escherichia coli; S. aureus, qualita-
tive analysis. ND (not detected) at <10 CFU/g. Data represent
means+standard deviations of three measurements.

G SRS - oA - Y

reusn=5, c=1, m=10° CFU/g, M=10* CFU/g, Salmonella spp.
24 Bt % S. aureus n=5, c=2, m=10> CFU/g, M=10
CFU/g, Salmonella spp. 2322 A A& §loH, v, 5
=7, CODEX, HIE'" % EUQ| 7-¢- B AA & o] QA ¥t

uhebA ] o] g @] AFmtol] tiet 7]t 4 23St
A bk ey Au] o o] - o] 2 lo] n R3] &
I 22 AAFC RO AF7E 7hsstal A Aol A vl AlE
= AFEAI7 I DA A ¢7] w2l e vEs =4
S2 dejsfojof st A QP 2FAIE Aitez o]
Aok sh7]ofl g wlgEol thigt A= #el7t B asict
AL A ZEE ), Sk opy et 35 2 n] A3} Heh 2 A St
of| tht AFA AslB7HE fIvt 2eha] LAnkA o] 24 <l 1]
A ZUEH A7 AEH Sz Ysf|A{of 5t o] 5 HiEte
Z A A4 9A atE

ZA0lo9] 0[3tstx 2fsfRA £

2 AgtolA= du| 9] olgtehE] flaias #A45 fIs)
o9 FEE(H, 7IEH, T8, FIHe) W HARS(PT
34Cs+137Cs)9] 5=+ Table 33} Zro] YeER ATt dubd e
2 f2Fe AT s5ATE e 59 Fa5= AWz
of FAA7= AR defA glon, a4 SRtEo] s2s
& 11 ool mi- mlFE A2t 25l 717 Q1A W F2)0] i
T4, Be T S5 Aol 1Y Sas A= UEhe 5
ATk T N1 A7 e A FIRE AE e S SOl o
gt defA] = Ao g LA Qlom(Kim et al., 2003), tE 2]
AACRE=, 7HEH B 42 50| Stk g2 Altol &4
H hARE]A] ghar th o] v EE AR viE E A] o2 T of
90% o]/go] e} Z|of Fof] Z2 w1l A2 o] ArE F3l
& th(Marsden and Rainbow, 2004). 7}E5-2 42 oFof
T A O R e EEH GUE, BlE, mvE AgrE
SREA wm, A=A W M S 55 eIt (Chung et al.,
2000). 72 tHE TESEY R 2 S 5 ol ol
WA U7 L] AL Al S 2 F 25F0] 30 mg/kg o1
o] HH &5 U oo, Y 5o +2FES do|A H

2

1

fa}

o

rl

>

=

Table 3. Results on the chemical sanitation properties of dried sea
mustard Undaria pinnatifida

Chemical property Total Mean (Range)
Pb 15 0.036+0.010 (0.015-0.051)
Heavy metal Cd 15 0.117+0.023 (0.088-0.156)
(mglkg) Total Hg 15 0.030+0.010 (0.017-0.048)
InorganicAs 15 0.058+0.004 (0.056-0.064)
Radioactivity "'l 15 ND
(Ba/kg) MCs+Cs 15 ND

ND, not detected. Data represent means+tstandard deviations of
three measurements.
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THKim et al., 2003).

2 Aol AAR ARERE Avde] FE&5E PRt
2 0.036£0.010 mg/kg, 715 0.117£0.023 mgkg,
2 0.030£0.010 mgkgO & 7FIEESH>F40 Lo@ =
om g 0.171+0.198 mgkg, 7155 0.238+0.069 mg/kg, 5
2 0.004+0.0029 mg/kg?] ATHE 1.9l Lee etal. (2019)2] A
b= AR Hls3 2 AEE St Wil Hwang et
al. (2007)9] ]9} Sy g2 & 0.163+0.289 mg/kg, 7+
S5 0.714+0.495 mg/kg, 242 0.015£0.012 mg/kgo] 1.2
o, Kim et al. (2005)2] AL A & 422 0.01+0.02 mg/kg, &
0.93+1.02 mg/kg, 7F=4 0.60£0.46 mg/kg © & = Au}H r}=
EA AEE = A UESIch 1o 22 9o S5
& Afoli= A7 A7) 9 AHA oA WEE = Fa
FO] W3} T A E A Wl A 9] BEehd S = ¥t 5
o] atolof] 7]Ql5l= A & 258 o glov Aot ok 9
A= WA EU A Fas FFRA L Al F 5
w4 AdsEel et F7HQ1 A7t F asthal Abs
Es|u n]o o] Aol A, 7] 9 A 02 R E =T
A2 E7]7F 2AG ol Aol vste] =2, 7tE R, A5 5
O] Fardy Fhgol R Urebutths At Aol olsHH(Mok et
al,, 2005), F-9lol wHet 5= S5 S AR OES
T 4= Qloieh A 2An| 99 9] Fa4 8T ¢
2luete] 49 0.5 mgke, 7F=+ 0.3 mgkgO.2 A7 w o
Ao (MFDS, 2021), =12] 749 & 1.0 mg/kg, B=9] 7%
1.0 mg/kg, 7F=F 0.3 mgkg, 42 0.5 mg/kg, HIEH2)
45 7F=8 3.0 mgkg, 52 0.5 mgkg, EU2| 4 0.1
mg/kg, 7F=+4 0.05 mg/kg, 7=, 7t} 5L CODEX 2| -5
| A& AA =] o] Q1A] ¢t

uheba] 2] 0] S5 7 o8- W el et vlwd uf i, 7}
T Y Fe2n 22 3 TR FUe] 714 R |
WA QPAFE o R P EL Qs A0 R e Qi)

H] 4= A% ol wheh f-718] 4 ep F7 H] A &2 Lol A,
T2 SA4EE 7H L Q7] tiEel FHl4 e RE 1 54
212 o &2 ksl 7} o] tH(Shimoda et al., 2010). =3t
27 A= 10-60 mgkg Hre & vl A 2 512 H]47h
SRS QAT o] /o] AL §le ARl ez EA4
87| ol Qbdsihar B s 31 9)th(Kim, 2007). L&y &
(Sargassum fusiforme)a} o] HARELof| £35)= | 272 &
Froll wheba vjarh F71u) 4 PR EAgthaL At o] 9l
t}. Karthikeyan and Hirata (2004)2] ¢17tof| &]sh HAHE)
04 T 18144 mg/kg FollA] 78|49 gheFo] 133+7
mg/kg O 2 oF 74% A gtcal B 151 9, Wondimu et al.
(2007) EARRLO] sl 257 o] oF 50%9] F7]8] 4 9
e Holvhar shglct. whaba] 71n| & 9] FulAE HAgH At
2.88240.435 mg/kg .2 LEFHA|TH(data not shown), = U] <]
AE F T4 715487 Aol oJsto] Fula AIE A7)

ok
off

52

filo

)

21 HE Al F7IH a2 A Fsto] 715E A8t &

a7b 23HE An|o FhsA] F7|H|aE A5k oo
TH] 4 S 2kt 9] 37 9] dn| A of| gk 78] 4 At
+0.058+0.0042. & LrebTh EA 7n] o of F7]6]4xof thgh
U Q] 7|E A SH(AEER) S A Al E o] QA e
o, ul=, iUttt CODEX, 5=, Hl B9 9 EU2| Z-f-ofl &= A
AEfo] QIA] ehAIRE B =12 78-9- 2.0 mg/kg &= A A= of 3lof
2 A A k= =] FrH A V)] S5t Ao ® UE
stk o) de] | Aol tigt EAANE €] 7|t A ol 4
BIS ol o] & 2¥}ol= Ao] §lo] a5 s S
of| A QHAlstrhar = QIR A &2 Q] Ry W |7}
dastAo=w AR H)

SFAIE LA A AL A o] ol A ZHE A
Fo A 24 2ol tigh Eettol o7 =Sl 53
FAE ARLE o] AN e dgrt vt e FEEithe A
oA FH=Fo] FARE| tiEt WANs Tl E Ak A7
7} E191c}. olo] met Aule] Aol that AR 247 2
1 2R EHEE UEEHT A9 o] Waksol it =€)
71&E4L -EluteheE 134Cs+137Cse} 131171 25 100 Bg/
kg, 15-9] 79 7}7F 1,200 Ba/kg 2 170 Ba/kg, 552 4%
27} 260 Bg/kg 3 190 Bg/kg, HIE'H 2+ CODEX 2] 74-9- 212}
1,000 Bg/kg @ 100 Bg/kgo-2 A4 = oJ)al, EUS] -9 ZF
711,250 Ba/kg 2! 2,000 Ba/kg, 7iLiche] A9 25 1,000 B/
kgo| At} PAbs 527} HAHE7 5= (minimum detect-
able activity, MDA) ©]5}2] A} Ltehfo] {PAgE =21 A
o7 e, AR A AR 2ol TRl 5 Rle) 27}
7] W Zo] WAks A AEGA o2 ad Ao w A7tE
=g

2 Aol A= 1n S o] s AlEbd g et 7] &4t A
sho] FATEE AlEe TE5H] 8l A A LUEHA|
o, W, A, A SA 95T Fas W AR
I} 22 o|3lekH Qs e s EASIITE Ande] ) dE
2 gl o]5}el4] QJsf @ A= S WETE of 2} ] of| A A|A|
7|t oA e ZapehA] ehotet. Tefu; An] o o] -
He o) 2efglo] n|Y7 S A& BAFL 2 A7 7
FokaL A4t I o A S-S AP A7 SAI7F EA] 7
ol o]5 AE9 njEsA 9 o3}k ¢S 2hist
7] Q1A Bk o A A 7h e 984 o
Ak 2FAE ABAte 2 o]ojA o sk of| A|A A1 we|7t d
Qsjrh Azt
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o] -2 2021 YA A0 2 T2 7
FU (Y2 wol S AN FAREA b S
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