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Abstract — In this study, nine heavy metals were analyzed in seaweeds collected from market and laver culture
farm of Korea and a food safety assessment were also carried out for these heavy metals. The level of heavy metal
concentrations in seaweeds was in the following order: Fe>As>Zn>Cu>Cd>Pb>Cr>Ni>Hg. Except for zinc and
cadmium, seven heavy metals were significantly higher in cultured laver than in processed laver. Significant cor-
relation was observed Cr-Fe in cultured laver and Cu-Zn, Cd-Cu, Cd-Zn and Pb-Ni in processed laver and Cu-Cr,
Cu-Zn, Cd-Cr and Ni-Fe in sea tangle and Zn-Fe, Cr-Fe, Cr-Zn, Cd-Ni, Cu-Cd and Cu-Pb in processed sea mus-
tard. Considering differences in heavy metal concentration between processed laver and cultured laver and in cor-
relation among heavy metals, removal efficiency of heavy metals may be attributed to seaweed treatment process.
The average weekly intakes of Cu, Cd, Zn, Fe and Hg via seaweeds consumption were about 0.1~7.6% of PTWI
(Provisional Tolerable Weekly Intakes). Therefore, it was found that heavy metals in the seaweeds were very safe
for consumption.

Keywords: Laver(7!), Sea tangle(CFA| W}, Sea mustard(7] 1), Seaweed(3ll Z2), Heavy metal(Z = %), Food
safety assessment(2]3% QF] H71H
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FoE AZE, AN AA2RE, skl Sl QE 371,
x3tE]o] A Agh Foll 9 s EAsk
o3, QoA A =Z =2l QJtH(Khlifi and Hamza-Chaffai[2010]).
6:]1—4] /\]_§4 o] kst /\]-?j:%}E o7 9] OH 3-/\ A}%ako] &ﬂxsl—oﬂ
Lq.g]. ‘:H7] o) 0}\]—9_ J.?;L };].ohs]— 51.73 Oi 2 5:0] ‘?I‘o]JE]J—
om, FiYke R flE Fa5E AR s S AX HAE

o FAEAY 507 Agsl=o] Bl e FAwct. Kl g
FEoA 2 HolAH 2} BEFH0T 3] HEZH o7 o] A}
£9] FHYAR] Azl FFH ] 549& 4o 4 Qlth(Forstner
and Wittmann[1981]; Kim et al.[2015]). ©]&{3t 502 Q3] &
TE ATME EFE BE AEH Al Foish 2138247t HaL glo]
(Otte[2006]), Z 2.3 #] thide] = Q).

FAFES AAIAIE O B A =2 H|ZS 2}A5l1 9loH (Hsieh
and Jiang[2012]), 3llZF7-2] 4 i A
17.39 kg=A] 20120 HloH 9.5% %71k A 2.2 YERHKREI
[2013]), 3l 2=72] 487} AAF S7Y8ekal Sl Ao HaE ik,
TESh, oA o= A AA| R4 Bl AJAFE2,100 FHEE)S] 99.04%E
ARSI QLo F5(1,150 WHE), Q1R U|AJok(390 BHE), Z#jw
(180 BH=), 3h=i(2F 44 TE) -0 2 =2 AARFS eI
(FAO[2013)). &A =tulellM= oF 50082 sll=F/7} dd=od, 50
ofFo] 280 % o] Vi vkt }wJ =77t o8 1 ol

om, FF PBANL AT o AP oR Tl
SITKKim er al[2013]). A, Sz sl 52 3‘:'/\ S el =
&l gk =& F2E S vehle] s5A57E 5 A ow deA

3Jo](Fuge and James[1973]; Kuyucak and Volesky[1989]), Gl
Y FE&02 8 AztelA FallE & 7hsdo] wWS- E=o
(Ryu[2014]).
2 miAlA SEEell
o g } 03?7} %P”LOI Z Eﬂﬂi 9\,\3”1( ok et al.[2009]; Lee and
Kim[2010]; Sun ez al.[2014]), 53] 217 FH ] g7 el o
A - A7 o] Fo1 4 gitkKang ef al[2012]; Jeong et al[2014]).
sk, AUl M & sl T &l digt A7 (Choi et al.
[1998]; Kim ef al.[2003]; Mok ef al.[2005]; Kim ef al.[2005]; Hwang
et al.[2007]; Park et al.[2008]) 2 54 S5 @1)P) et 17 (Ryu
et al[2009]; Khan et al.[2015]y7} 5738|901}, eFaldeollx] <13t &
Z59b Al fEse 7R dlERele] AjolE vwshs A
Z5-gk 2l7dolt.

wepa] - ArelrE Al T 7P w2 AR e Aehe
ZAPorphyra sp.), S "W Laminaria sp.), 712 (Undarza sprs ez
959 Tus TS Akle, slxFe] 7Y T 2R
T getst] fal 719 A9 7 Al A AelA] JAF S
u)7kg el tiste] T S vlwsisict. et sl{o] <F
A4 71 9 A e ol 83l sl AdF el ihE QIAISIE)
3& keIt

2 THE Y

21 Mz 3 2|
7heE [ g2
AR, diF, ek AIRE, 31,
Al 525+ A% Z(Laver, Porphyra sp.), TFA]WH(Sea tangle,
Laminaria sp.), 7193 (Sea mustard, Undaria sp.y= 2} X192 W%
APdellA 24 Tkl vz 712 79- 2014 48 T4,
QF, -9F, A1, Bl Y1x|gt kAol A et 7& HHFAN
e szFrle | L ATAIE =Y AlF i), 3 B dlRie
ofo] k- iof Htsto] AHAMT o]F F FAAMA] BerEH
(-20°C) 33 2H 60 °CollA] 3 o) AT F- oo E =

E}=Z (Agate mortar)= 71 2o} ARESISITE

014 8¢¥ =7 T2 A=A Bt

Fe e dld, A%, £ A HollA A

22 AN B#EEE
Hal|l g Aleko 2= AXK(Supra-pure grade, Merck, Germany) %!

)93 4~ HSupra-pure grade, Merck, Germany)s AHESF3A 3L, A& o]l
AREEE= o] Bl 24 o] 3] (Direct-Q 3, Millipore, France)
Z o] &38}9] 182MQ o} =0 R fAIEke] AMgEIgiT). B4 L
Aeko 2= X (Ultra-pure grade, Merck, Germany)s- ARE3153T} A
Ao AR E BE RTINS 7175 AR (HNO,:H,0=1:1)
of] 6AIZF ol 718 & o] 2w == A8 AL, YA A e
1 N HNO; &-2fel] 24117+ o2} A7) §- o] 2w gk A& sto]
ARESISAT

23 Ea5 M

Az s|2F A8 °F 0.5 g 60 mL AR 714

ESAHHNO,:HCIO,=3:1) 8 mLE 75t 3 @%011 Al 4x
HESAIZE, 2REalE- 719k8719) 573 2ot FHrT] F 10045 °C
2 6AIZE o) 7hdato] €3] skl o] % Aks ¢hds] F
A7) TS IN HNO; 8407 gAjale] & 9 243190t &

=
00 48 FA93199.0 1, Cu, Cd, Pb, Cr, Ni, As, Zn, Fe2] &
EE =4 E3k=vt A%2417] (Inductively Coupled Plasma

Mass Spectrometer, NexION 300D, PerkinElmer Inc., USA)E ©]
43101 G811 o, Hg?l 739 Gold-amalgami] © 2 Direct Mercury
Analyzer(DMA-80, Milestone, Italy)S A-5lo] 731t} =3k
Ae) g ATsh] sk EalsEd (DORM 3y A9}
?Wﬂ AJste] FAerglom, 2 AddeA A e EEAE (n=3)¢]

&9} 3965 Table 10 WERASIT Lr/\lf‘zoﬂ/\ﬁ THE E
w9 QEHO1 EEARS] e 24 el LA
. Cu, Cd, Pb, Cr, Ni, As, Zn, Fe, Hg] 37 31582 94~106%
it

2 4 AFE QG EIL
733 % (Weekly intake, W2} =74 21353 7Hz- 19 3] (Joint
FAO/WHO Expert Committee on Food Additives, JECFA)ellA] A
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Table 1. Heavy metal concentrations of Certified reference materials (CRM, DORM-3) determined in this study and certified values
CRM (DORM-3) Heavy metal concentrati?n(mg/kg, dry weight)
Cu Cd Pb Cr Ni As Zn Fe Hg
This study 15.5£0.29  0.29+0.01 0.396+0.03 2.01+£0.03 1.29+0.25 6.49+0.02 48.1+0.77 347+7.8 0.374+0.11
Certified value 15.5£0.63  0.29+0.02 0.395+0.05 1.89+0.17 1.28+0.24 6.88+0.30  51.3+3.1 347+20  0.382+0.06
Recovery ratio 100% 100% 100% 106% 101% 94% 94% 100% 98%

A= 5714 $31-8- (Provisional Tolerable Weekly Intakes,

PTWI)S: o]-8-310] PTWI thH] $I31%(%)2 A1sto] s 27 A3l

2 ¢kiAS 37138153 © W (JECFA[2014]), T F 3L ol <]
|g-3to] F-stoict.

i

1>
o]

KN
=

CHx IR x ED

WI (nghke bw)= =0 07

x 7 day

WI (Weekly intake)

CH (Total average for each metal concentration in seaweeds,
mg/kg, Table 2)

IR (Ingestion rate of seaweeds, g/day, MOHW[2015])

ED (Exposure duration)=80.7 year(KOSIS[2010])

BW (Body weight)=53.6 kg(Size Korea[2010])

AT (Averaging time)=80.7 year(KOSIS[2010])

B Aol AR 7|tgE S =7 FEA LK OSIS[2010])001A4
AN gk ARl on, BHAES §5¢1 AR FFAKSize
Korea[2010])°14 141914 80741714 2] HHE-EZF-AIE #|A|5k
28313t

2.5 SHIXE
TS T GAAAE Lot Y] $18) SPSS(Statistical
Package For Social Science)™~ = 135 0]8-3}0] T|o|& A dATE
T Fus T feldxlelE ¢olR 7] 213l Kolmogorov-
Smirnova?d’ % Shapiro-Wilk S AAt] G EE LE}
A ob= 1S golsto], H| R4 5 Mann-Whitney U testS

ol-g-3to] FAA = st3ict.

3.1 =R/E 524 s= Hlw

2 ATl AHEE 7HE A, vhAlek, w1 ellA FEE Cu, Cd,
Pb, Cr, Ni, As, Zn, Fe, Hg®] 5% % Table 29 YeERSIT} 1S

Cu(6.23 mg/kg), Cd(1.55 mg/kg), Cr(0.53 mg/kg), Zn(37.6 mg/kg),
Fe(140 mg/kg)ol A, TRAIWR= As(53.2 mg/kg)et Hg(0.015 mg/kg)
oA, ] elA= Ni(0.53 mg/kg)©] TH a7l vlsl s=7) 23
Oido® =A JeRt o, Pbel 749 7, thalat, w|ellx] fAfet
T3 0.26 mg/kgye WERISITE 7} sl 2frelld T4

F a2 AolA Fe>Zn>As>Cu>Cd>Cr>Ni>Pb>Hg 0. % =2
FEE LERN O, TAmR= Fe>As>Zn>Cu>Cd>Cr>Pb>Ni>Hg,

[N

_(
r_{

oo
Eds

B

¢

19} Fe>As>Zn>Cu>Cd>Ni>Cr>Pb>Hg 0.2 2 55
ERIEE b5, sz Skl 5458 AR5AG AfolE KolA
Ao}, FxFRL Aol vl AxF]l thalnke} njojollA] Znk
o As7h A VRS, ThAlek w ek 2 Ao Al
A8 TRl AFE o, FFo|w, YA E L7 e R o
Foix Qlom, olF 74 T Fele 2RIV FAE Ad
& Aol dHrE o] Qlof Al ol o] AEAoR F4 B
W3HSICHBocanegra et al.[2009]; Larrea-Marin et al.[2010]). B=gk
3} 7
2h

be B2F o ABEONT FRAT, ABSEHEE 2

E1T o
ShekEhl T SRl Ikl Asko 2 AR Ssihe) el

oJs)] A7¥ctar B 1%t (Lobban and Harrison[1994]; Jiménez-
Escrig and Sanchez-Muniz[2000]). we}A] o]2]st a7 F3+ 5
w50 AEEFE Aol Alard v oF Bl 2dAjolef] o5t
Ao 7 =T Burtin[2003]; Davis et al.[2003]; Bocanegra
et al[2009]). $HA, FLs A7l AH e 7 W) T ) A4
G ABAFA G wh} FrAfol7E e R A2 g o5t
TuEY FAo] w3 AE S| TS viAE slow wdd
CTH(Table 3).

AN E 7ol
Stk v7ks 71e] A il
AN E =) Azl vls) AojE oz
Pb? Nieo] 27} 3.1l 1.59) UEF S THMok et
al[2005]). 7+ 1] 7-9- tk& yglel] vjal] Atido s w571 w8
Cds ALIeE B Tadolr fAkAY Atz o® v k& v
ERAQILE. thAluke] 9ol o) de] =] thE A vte} vla
S w, A o2 SAY 2 AR 5 o A th(Fig.
1). B8k % o] e] =l AR (Mok et al.[2005])2} FALSH
Gom, i) S5 A= (Smith ef al[2010]), 2~¥QL

(Besada et al.[2009]), ©|E2]o(Caliceti ef al.[2002])R.C} AFt]A 0.

¢

RSN i R i ol = IR e = o T i o - o 2
7] HeA] ekgkom, agrell Tt H<t A7 Akt FEekA] o

oF Fa Ahs ulwel Qo] hS AgAIITk. webd sz
F7E e ARl St v weh B 71t 5
aeolAo} & 2102 Pekelolict,

32 718 it 0|71S HollMe| =5 =5
7he A3 v7ke AelM HEe T4 s 5E Fig 200 YEt

UiSiet. 73] 75 sz stz Sl 7 aAlE A
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Table 2. Concentration of heavy metals in the processed seaweeds collected from the different areas in the Korean coast

Heavy metal concentrations (mg/kg, dry weight)

Species Areas -
Cu Cd Pb Cr Ni As Zn Fe Hg
Seocheon 5.71 0.85 0.48 0.66 0.31 19.6 33.8 141 0.007
Daecheon 5.84 1.81 0.12 0.57 0.34 17.3 40.4 167 0.006
Buan 6.04 1.56 0.24 0.46 0.26 13.5 34.8 111 0.005
Shinan 8.64 4.73 0.03 0.53 0.27 16.3 57.7 135 0.005
Goheung 6.81 1.27 0.08 0.50 0.17 24.0 483 150 0.008
Porphyra sp.
Jangheung 5.68 0.70 0.86 0.55 1.49 244 36.1 114 0.004
Wando 5.34 0.96 ND 0.46 0.28 26.4 27.1 146 0.005
Haenam 5.02 0.69 0.05 0.59 0.19 32.8 29.1 103 0.005
Jindo 6.99 1.37 0.06 0.48 0.32 19.5 31.0 214 0.006
Average 6.23+1.10 1.55+1.26 0.24+0.29 0.53+0.07 0.40+0.41 21.5+£5.96 37.6+£9.86 142+33.9 0.006+0.001
Goheung 1.51 0.36 ND 0.31 0.08 52.1 53 18.4 0.011
Jangheung 1.73 0.23 0.06 0.23 0.15 53.4 6.3 102 0.020
. Wando 5.41 1.78 ND 0.49 0.12 64.5 8.2 93.6 0.018
Laminaria sp.
Haenam 2.70 0.05 0.49 0.25 0.23 37.1 6.3 152 0.016
Jindo 1.34 0.47 ND 0.20 0.12 58.8 43 23.6 0.010
Average 2.54+1.69 0.58+0.69 0.28+0.30 0.30+0.11 0.14+0.06 53.2+£10.3 6.1+1.46 78.1+56.8 0.015+0.004
Taean 1.35 0.17 0.06 0.15 0.30 24.5 6.3 52.9 0.006
Shinan 4.29 1.39 0.19 0.66 0.74 28.5 17.8 91.8 0.012
Goheung 5.14 0.75 0.35 0.44 0.40 24.1 21.0 85.9 0.011
Jangheung 4.34 0.74 0.26 0.27 0.50 224 20.4 149 0.008
Undaria sp. Wando 5.28 1.27 0.33 0.34 0.62 30.9 18.3 82.3 0.009
Haenam 3.96 0.51 0.25 0.22 0.41 30.4 13.4 72.4 0.025
Jindo 3.46 0.71 0.27 0.11 0.45 41.5 6.9 40.3 0.005
Tongyeong 5.17 0.89 0.48 0.55 0.81 31.0 8.5 79.2 0.011
Average 4.12+£1.29 0.80+£0.39 0.2740.12 0.34+0.19 0.53+0.18 29.2+6.02 14.1+6.13 81.8+32.5 0.011£0.006
Total average 4.63£1.95 1.06+£0.96 0.26+0.22 0.41+£0.17 0.39+0.31 31.5+14.2 21.9+154 105+49.0 0.010+0.006

ND=Not detected

Table 3. Average concentration of heavy metals in the cultured lavers from the different areas in the Korean coast

Heavy metal concentrations(mg/kg, dw)

Areas - No.of Samples
Cu Cd Pb Cr Ni As Zn Fe Hg
Gunsan 8.96 1.21 0.82 0.86 0.69 23.2 36.0 723 0.006 24
Muan 16.9 0.40 1.12 0.74 0.81 29.8 32.5 630 0.006 4
Buan 8.82 0.49 0.78 0.32 0.91 9.59 18.0 290 0.006 12
Shinan 9.31 0.88 1.30 0.81 0.79 34.0 57.7 532 0.006 6
Haenam 7.92 0.72 0.80 0.68 1.04 20.7 214 609 0.005
Average  10.4£3.68 0.74+0.32 0.96+£0.23 0.68+0.21 0.85+0.13 23.5£9.37 33.1+£15.6 557163 0.006+0.001 48

o o]t B Foll FESel o3t odo] W) & Z10® ods]  NidPb>Hg w0% & Hss veRlleH, nl7ks 7lelA
Ao, Cdot Zng ALJFE 750 Fuol 7heE ol His| vk o] S5 S Fe>Zn>As>Cu>Pb>Ni>Cd>Cr>Hg 0% %2
& Aol ddiF o ® £2 Bt w5 eI oW (Table 2, 3),  BiEies YERIIT

Cu, Pb, Ni, Fe2] 75 7o 7ol n]&l] u)7}a 7o) EAH o=z

FolaHl =2 =5 YERIATHp <0.05, Fig. 2). o171 A-ofA] 3.3 Sll=20| =34 MEZE A

% 7F87) (Fe 120 mg/kg, Hwang[2013])e]l B3l F2)7doA 24 Szl ST TES 4270 AJuuAlE Table 49 LERA
ANF S 71 (Fe 530.4 mg/kg, Lee and Sung[1980])el1A] oF 5ol 322 th. w]7kg ellA] Cr-Fe(r=0.908) Alolol| 32 A2l E VR
S ERfo] A9l fARE AdE YERASITE 7R el 9o (p<0.05), 7FE Z1oll A= Cu-Cd(r=0.872), Cu-Zn(r=0.822),
A BERTEE0] FEER 242 AA Tl g8l T S5/ Cd-Zn(1=0.811), Pb-Ni(r=0.875) AlolollA] ¢ =2 AaaAlE o

f

AT 7Fs7d0] QLo ofoll thgh Ws AP g Zlew ERIThp<0.01). 7hEE thAIWtelA] Cu-Cr(r=0.900), Cu-
e} 7 oM £ 3RS Fe>Zn>As>Cu>Cd>Cr>  Zn(r=0.908), Cd-Cr(r=0.901), Ni-Fe(r=0.886)7°l| =2 AH0A=
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Cu Cd Pb Cr Ni As Zn Fe Hg
Porphyra sp.
NewZealand(Smith et al., 2010)a INA NA ] |
Argentina(Perez et al., 2007)%1" ] NA NA NA NA ] ] NA
Italy(Caliceti et al., 2002)® ] ] | | NA
Hong Kong(Ho Y.B., 1987)2 ] NA NA NA NA
China(Almela et al., 2006)b NA NA NA NA NA NA
Japan(Almela et al., 2006) " {NA ] ] NA NA NA NA NA
Spain(Besada et al., 2009)*° ] 1 0 NA NA ] ] [NA
Korea(Mok et al., 2005)% ] ] — = NA — NA |
Korea(Cultured Lavers, This study)® -
Korea(Processed Lavers, This study)D F
. . 0 10 20 0 1 2 30 1 2 3 400 05 10 150 1 2 3 40 20 40 0 20 40 60 800 200 400 600 0.00 0.02 0.04
Laminaria sp. . -
Ireland(Ratcliff et al., 2016)*° 0 NA NA NA ] | | NA NA
China(Chen et al., 2009)° 1 INa NA NA NA = NA
Norway(Mze hre et al., 2014)*2 NA NA NA || NA
Canada(Sharp et al. 1988)*% ] ] | 0 | 1 ] Ina | NA
pain(Besada et al., )* NA NA NA
S| 2009)*°
Japan(Almela et al., 2006)° {NA = = NA NA NA NA NA
Korea(Mok et al., 2005) I ] I ] [ ] NA [ NA /]
Korea(This study)bF F | | | | | | F F
Undari 0 2 4 1600 05 10 15 2000 05 58000 05 5000 02 500 30 60 900 20 40 60 0 100 200 88000.00 0.01 0.02 0.03 0.04
naaria sp. —
Italy(Caliceti et al., 2002)c ] | = = | 1 ] NA
Italy(Marzocchi et al., 2016)° | ] (] | ] [ /| NA
Newzealand(Smith et al., 2010)2 NA 1] = NA ] NA
Spain(Besada et al., 2009)* { ] o &/ NA NA | NA
Spain(Almela et al., 2006)° |NA | NA NA NA NA NA
Japan(Almela et al., 2006)P {NA I NA NA NA NA NA
Korea(Mok et al., 2005)° ] ] — | NA NA ]
Korea(This study)® :J 1 | | F F F F
0 5 10 0 1 2 50 1 2 3 800 05 10 150 1 2 3 40 20 40 60 800 10 20 30100 1500 50 100 150 2000.00 0.02 0.04 0.06

Concentration (mg/kg dry weight)

Fig. 1. Comparison of trace metal concentrations in the seaweeds from different countries (*Maximum value, NA=Not Analysed; a=Coast;

b=Market; c=Lagoon).

|| MEEE Cultured Porphyra sp. *

1000 [ Processed Porphyra sp. '—|
T 100
©

- *

g ]
[=)] 10
£
P *k *
5 N
g '
<
3
c 0.1 4
o}
o

0.01

0.001 - —ij—
Cu Cd Pb Cr Ni As Zn Fe Hg
Heavy metal

Fig. 2. Comparison of heavy metal concentrations in cultured Por-
phyra sp. and processed Porphyra sp. (*p<0.05, **p<0.01).

HERNZ 21 (p<0.05), 7} T GollA= Cu-Pb(r=0.849)°l14 =

2 AAAAE B 1 (p<0.01), Cu-Cd(r=0.713), Cd-Ni(r=0.792),

Cr-Zn(r=0.712), Cr-Fe(r=0.788), Zn-Fe(r=0.748)7}°l| =& Ao+t
AE HERN A TH(p<0.05).

7Kg 3} w7k Al AESeI a4 19 duaE o
ob2 s, 7k 713} vIZkE WA BRI} freleAl Be 7

Zelrs dASh= o] ISiH. whek 7R

4z F
Qe 713 ol kg 4 BN $& gaaE

w5EC] Aol dAslolok s, 7k el FEERte]
Az v7he Zolx o] gt ilg- vhEnt o] A3k 7kt
gelA o] FaEe] AZEo] thEAl Agahs 2o o]
ek, 9k 7h 3DAE RS A gl thet A H=gh -

alojof 3 Zlow greolrt.
34 HEF M0 ME F3% QNET}

TUAZFEAMOHW[2015) w2 =7 dAe] 1Y s+
AAFTE 2130 % o] T 85%(18.1 g/} F8 AE R, 15%(32 g)
£ 579 AFoR AFskes Zow Hausigith uebA AT
M= 8] AFT $57-8 AES o83 dlxf FIAERE
88101 PTWI thH] I8l (%) ALl siz2FE 58l AF=E
a5 I‘Hﬂ P B7FeFTH(Table 5).

7o *ﬁEﬁW(Raw seaweed)ﬂr ze]o) ot S7E F3l
QAo *HEID} || Z2F = <13k Cu, Cd, Pb, Cr, Ni, As,
Zn, Fe, Hg? Tﬂ*w & 7—.‘?# 1.936 pg/kg, 0.443 pg/kg, 0.109
ng/kg, 0.171 pg/kg, 0.163 pg/kg, 13.17 pg/kg, 9.157 ng/kg, 43.91
ng/kg, 0.004 pgkg © 7 Jebdth 48

Fr& AT A5 S
FHUL EFe HEEE S &l 9le 558 wAstelof
NS of 4

2

[*]

=T FTO MT v e =

Qlt}. Garcia-Sartal ef al.[2013]01] 2J3FA | ZFollA]
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Table 4. Prearson product-moment correlation coefficient for heavy metals of processed laver (Porphyra sp.), cultured laver (Porphyra sp.),
processed sea tangle (Laminaria sp.) and processed sea mustard (Undaria sp.) in Korean coast
Cu Cd Pb Cr Ni As Zn Fe Hg

Cu Nl & - ® e

cd [ N n N

Pb AN

Cr [ AN

Ni [ N

As

Zn m

Fe

Hg

A Cultured laver, A Processed laver, @ Processed sea tangle, Il Processed sea mustard.
*pearson’s correlation at p<0.05.
**pearson’s correlation at p<0.01.

Table 5. Comparison of total weekly intakes of heavy metals from processed seaweeds with PTWI established by FAO/WHO

Metals Total average con- Ingestion rate (g/day) Weekly intake (ug/kg bw)  Total weekly intake PTWI Hazardous
centration (mg/kg) raw seaweed cookingwater raw seaweed cooking water (ng/kg bw) (ng/kg bw) level (%)
Cu 4.63 1.94 5.80 7.74 3500 0.2
Cd 1.06 0.44 - 0.44 5.83 7.6
Pb 0.26 0.11 - 0.11 -
Cr 0.41 0.17 0.31 0.48 -
Ni 0.39 3.2 18.1 0.16 0.45 0.61 -
As 31.5 13.17 47.7 60.87 -
Zn 21.9 9.16 4.97 14.13 7000 0.2
Fe 105 43.91 54.7 98.61 5600 1.8
Hg 0.01 0.004 - 0.004 4 0.1

bw=body weight

FE&o] SR £E5E o] HE Cu 52.9%, Cr 32.1%, Ni Cd>Pb>Cr>Ni>Hg <50 7 7] Uepdth. 37 23555 T
48.8%, As 64%, Zn 9.6%, Fe 22%% EPIT} o]21dt & 118 mlollA] Znkt} As7) 37 U2 AS Alslar #4719 gkakxjo)
RS W F52 8 AFH i S5 FAFTS Cu, £ A JERR] 9tk vi7 ke A3 1 70 T FEE )
Cr, Ni, As, Zn, Feo] 22+ 5.8 ug/kg, 0.31 pg/ke, 0.45 uglkg, 47.7  wdt A3} v7ly 7lo] 718 71w} Cd} Zng A28 752 &
pg/kg, 497 pgkg, 54.7 pg/kg O & VERTE A, Cd, Pb, Hg®l 75 571 =3aL 53] Fedl A5 nl7ke o] 71 7w} oF
zel o3l Fesol SR SEEE ol sk A= vkaEe]  sul ol b g FollA] Fell Aol elidolzith s A
QA kot 48 sl AFol w19 FIMIFEE ARK = 2 AAIE w7k ZlelA] Cr-Fextoll BAIA O 28t At

7

N
-~

AT} Cu, Cd, Zn, Fe, HgS) PTWI thy] el 2 (%)= 022%, A4S Vehila, 7F8 7oA Cu-Cd, Cu-Zn, Cd-Zn, Pb-Ni
7.6%, 02%, 1.76%, 02%% F& 755 JERISIom], UHA] 54 5 o TAIFCE Fogt AaaAE vehllom, thartel A Cu-
Pb} As= 2011 5430 thsh 7)) FF0AH 2 PTWI)  Cr, Cu-Zn, Cd-Cr, Ni-Fe7loll & A39AS YeEhfQla n o
el 8A17F AHEA Ealthe =4 AEFH7FE QS (JECFA)S] A& Cu-Cd, Cu-Pb, Cd-Ni, Cr-Zn, Cr-Fe, Zn-Fe7toll 322 4k
Bt slol] #F o} njwE = glglem, ¢t Ni®l 73 JECFASI  AS Yehiith si2F-2S 53 Cu, Cd, Zn, Fe, Hg® 21 3¢
AAEE kol §lof Blart E7FITHIECFA2014)). wEbA] 2 A7 AH3E TAEHS ] 0.2%, 7.6%, 0.2%, 1.8%, 0.2%7T
el 34 o714 3 PTWIZF 2SR & S Al9Jsk 5 Fo7 Felwo] |z Aol tE oA glaide wdorg &
7] el <]k QUAL Sl W] skotar ket 25 U TEF g2 oke Frgro R gkE)

7k A 7R SR, TR, ool S dEe A= 2014 AT <SR o7 IEAEA

p=h
BARA AV ANEF ) FREY BEE FeAsZnoCu  ARIel S8 A9590m, Qi BR2IFHAAR] U 2014d
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NRF-2014R1A1A3053572>A1 9] X8 who} =8 =] S50 T},
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