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o] Fa5 LHAUE Fotste] AMY xR AF AATH AP E RARBILA
W, 7IERE 52 e o TS BAEITh slRF & 169719 AlEe Uist T4 TS v
sk Az, 2 29 79 F3lte] 0.0085+0.0035 mgkg, B Halgte] 0.0509+0.0635 mgkg, 7t

It Rl o oo fO

mg/ke, ‘B SIS0l 0.1633+0.2888 mgkg, 7FEE-S Falglo] 0.7141+0.4952 mgkgSE VFER} &
I g ztol7F FEHA tArke] S 422 Fafigte] 0.0177+0.0118 mgke, H- S3l<t
©] 0.0728+0.1025 mg/kg, 7F=F-S Faleto] 0.1640+0.1253 mgkgo 2 B Yyttt g 5o, ¢
I3 7R BE AEIe] 2 BAXE YEE B2 AEkE ) TtEge] FEliehe wel F
H27t =UTh 7 SIRFES EREE AES v 2, Fo] AE ARFM, =g B2F7
A 7P =A AEEAL FEEE AR BAE B8NS W m2FolA Heol Cdel AAlS
0.513(p<0.01), CdSk Pbe] AFBAFE 0.420(p<0.05)0-2 FF&7ke] B4 gro] A= nl#siie). wd
2yt Fvlo] sjxFE S5l AFsk= Hg, Pb, Cd 59 T5% FHIF %S FAO/WHONA S5
oFAA HIIE Qe AT FAAFEFS -3 PTWIS] 0.17~10.30 % 522 bt Ao 2 geken)

Abstract: This study was carried out to estimate the contents of heavy metals (Hg, Pb, and Cd) in seaweeds
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(n=169) which are closely related to food resources. The contents of heavy metals in the laver were found
as follows; Hg was highly detected in the east coastal area (0.0509£0.0635 mg/kg), Pb in the south coastal
area (0.05091+0.0635 mg/kg), Cd in the south coastal area (1.3785%0.7754 mg/kg). In the sea mustard, Hg
was highly detected in the south coastal area (0.0152£0.0116 mg/kg), Pb in the east coastal area (0.1633+
0.2888 mg/kg), Cd in the south coastal area (0.7141£0.4952 mg/kg). In the sea tangle, Hg was highly detected
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in the south coastal area (0.0177£0.0118 mg/kg), Pb in the east coastal area (0.0728 £0.1025 mg/kg), Cd
in the south coastal area (0.1640+0.1253 mg/kg). In the sea lettuce, Hg, Pb, and Cd were highly detected

from the west coastal area. In the fusiforme, Hg and Cd were highly in the west coastal area, Pb in the south

coastal area. In general brown algae showed the highest level of Hg, Pb, and green algae showed the highest

level of Cd Additionally, the significant correlation was observed between Hg and Cd (r=0.513, p<0.01), between
Cd and Pb (r=0.420, p<0.05). The weekly average intakes of Hg, Pb and Cd from seaweeds takes about
0.17~10.30 % of PTWI (Provisional Tolerable Weekly Intakes) that FAO/WHO Joint Food Additive and
Contaminants Committee has set to evaluate their safeties.

Key words : heavy metals, laver, sea mustard, sea tangle, sea lettuce, fusiforme, PTWI
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Fig. 1. Annual yielding of seaweed in Korea from 1990 to 2006.
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20063 1¥HE 200613 129714 sl 27/ A2
2 AR 297) KoM 1694 (R 487, w1 514,
ek 327, ) 2470, & 74, 716 71)9] A EE
FRBAT R AT AP TFHFE F

= © =+ Hydrochloric
acid, Nitric acid(+3ll 5= < +48)& AHg-stalon
FR5E AZRFEA 9 o258 AHgith Wt
7IEE EEdHe AA54E4E&(KANTO Chemical
Co., Inc Japan : Factor = 1.0 at 20°C 1,006 mg)2. =
A 0.5N HNO; &4 o2 3|4 sto] ALg-sloirt. B3
T A4S 9% FFEE S MESS-3(0.091£0.009,
National Research Council Canada)E AH8-3}33 T}

23. 717|=H ¥ =AY

o9l E242 Mercury analyzer(Model DMA 80,
Milestone, Italy)E AH&-3ste] 71 7] shgoldzhi o=
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3o 2 A ¥ Atomic absorption spectrophotometer
(A.A.S. SpectrAA 800, Varian Co., Australia)s ©]-§
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Table 1. Recovery rates of added heavy metals in marine

macroalgae
Element sample Recovery Rates(%)
Laver 82.5
Sea Mustard 83.7
Pb Sea Tangle 87.6
Sea Lettuce 86.9
Fusiforme 85.3
Laver 91.5
Sea Mustard 89.9
Cd Sea Tangle 92.6
Sea Lettuce 93.4
Fusiforme 95.2
Laver 98.2
Sea Mustard 96.8
Hg Sea Tangle 97.5
Sea Lettuce 98.1
Fusiforme 97.8

HNO;& A 9] 50 mLE Bt} o] A gfom
", 7I=%-& Graphite Furnace A.AS.2 43t 7
ZTFT I T2 eI

24. 848 5%
7 350 HFAEE Doluy) sk FF4
= 7} 7k 50 meked spikedte] A F9] 2t el
FHe BAY s A PPoE SYstel F
G FAste] F5e TGO, I8 Tble 19 1}
Ehhgict.
25. Bzl

] o] B = SPSS(Statistical Package for Social Science,
Version 10)E ©]-&3lo] 418k ¥, ANOVA (Analysis
of variance)& AME-3t] HAFHE 7k oS AF
AL (p<0.05) & data= H + EFHA}(mean+
SD)Z F# 3 Th.

& e 0.0046+0.0040
mg/kg, & 0.0458+0.0572 mgke, FFEE 13221+
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Table 2. Comparison of contents of heavy metals in Laver (Porphyra sp.) (Unit : mg/kg, dry weight)

Direction Area No. of Sample Hg Pb Cd
East Ga 2 0.0085+0.0035" 0.0011£0.0148 1.1715+0.9256
subtotal 2 0.0085+0.0035 0.0011£0.0148 1.1715£0.9256
Ko 2 0.0035%0.0004 0.0040+0.0014 0.0040+0.0014
Ko, 4 0.0004%+0.0018 0.0868+0.1304 0.9700+0.3477
West Ku 3 0.0050%0.0046 0.0450+0.0554 2.0520%£0.0062
Se 7 0.0062+0.0043 0.0213+0.0207 0.8457+0.3975
Si 2 0.0025+0.0007 0.0215+0.0219 1.4055£0.4320
N 11 0.0051£0.0032 0.0634+0.0325 4.4130+0.0085
subtotal 29 0.0049+0.0046 0.0045+0.055 1.2993+1.1773
Kos 2 0.0030%0.0021 0.0100%0.0056 1.6310+0.9531
South Wo 13 0.00410.0026 0.0436+0.0337 1.3583+0.7882
Ha 2 0.0040+0.0013 0.2640+0.0635 1.9970+0.0652
subtotal 17 0.0037£0.0025 0.0509+0.0635 1.3785+0.7754
Total 48 0.0046+0.0040 0.0458+0.0572 1.3221£0.4320

PMean= SD (All samples were analyzed three times and averaged).

04320 mgkgl 2 FEEF>E>5 £o 2 Yeht 3
) A0 Aol EEih

AqER EAstd Y $29 A9 A& GaxY
0.0085+0.0035 mg/kg, S SexI] 0.006210.0043
mg/kg, AE NA Y 0.0051+0.0032 mgkg =02,
& A HaAlY 0.2640+0.0635 mg/kg, &5 Ko, A
0.0868 £0.1304, A& NAS 0.0634%0.0325 mg/kg,
FIEES AE NAY 4.4130+0.0085 mg/kg, Kux] <
2.0520+0.0062 mg/kg, A'F HaAlY 1.9970+0.0652
mgkg 02 =7 Yeh} FESEE Ao zpol7t
F 302 e A '] £ 9 JEES At
oA Fe FalglA T2 A G vt ThAh =2
AINE BQl Ad= Zol7h ATt ol g A9 A}
ol 3 ol Aol whet ulg- AFolstAth
(p<0.05). SR FE3t] FFAIo|E HUS o,
F29o] A FaItel, Wit FEE-S ko] &4
AEEH A

SEvEte] A obF sl xFol ts T2 8&
7EE AARE JA 2o, FAt ol Fo FuE
7L e AE 71F22 52 05 mgkg, &
9 JIEE 2.0 mgkgl 2 7t 7 A o] Yk o
A ol2f gt a4t o Foll K3 FHE IRIIEH
Hladd off sj2Fe Fu55 FFe 723 939 A5
7Azg oM E o] gt 7o mX|A] EElor,
A 27 FEIFFo] oF 70~90 %) FE 7HoratHd

71ER 0l B vgale FFEelUT 28y tEES

B2 7F 13221404320 mgkgol o™, H 3
7} 4.4130£0.0085 mgkg® THE FF&o) w8 @4
Eodth. ol FRIFS 1HAE A EvEr
o3 74 7|Eole wAA Kot ke Ag A
ZF% 71FHe R $£2 0.1 mgkg, 7 5 mgkg, 7I=
¥ 05 mgkgl 2 7H7F A Eo] glonma sk 7]
2B olom, 48710 AR F 46
A 2@ 7S Z2HSIATE £ Aol et
TEE FFS o] 71 vlast
T 7tEEe] S A
M= 71Ee 238hs 97E 9ot kA
35 ARV F8 7 Ao Az,

& ZAATE Golry] st Bt
3%, AFEAA AHT F 51700 i
fFalEas THS SA3 Table 30 VeI
v o) S5 HadHEe 428 0.0101+0.0097
mgkg, ¥ 0.1400+02274 mgkg, 7t=F 04185+
0.4140 mgkgl 2 FIEF>H>Fe 02 =okon
2 0.0129+£0.0042 mgkg, F 1.5193£0.0032 mg/
kg, 7F=E 0.0140£0.0047 mgkge] A4S B
3 & 0.01+0.02 mgkg, & 0.93+£1.02 mglkg,
FF=F 0.60+0.46 mgkge] A F'I}E F3 dol
M vt 235 el oy FtERAA 2 Aol
£ Btk o3 Axte 0¥ AL H|&=3

Analytical Science & Technology



FAE Bt

AR EAshE 29 79 A UAY 0.0240
+0.0004 mg/kg, Ka,X19 0.0062+0.0043 mg/kg, A'S
WoA| 9 0.0176£0.0108 mgkg T2 2, G A& Y
A 0.5536+£0.7338 mg/kg, DoX] 0.2810+0.3118,

Table 3. Comparison of contents of heavy metals in Sea Mustard (Undaria pinnatifida)

Tlo

HE

TeE

o

F 231

A NAIY 0.1740£0.0750 mgke, 7F=H-S A
MaA 9 0.9800+0.4952 mg/kg, B2 0.8575+ 0.3839
mg/kg, A'F Woxl9 0.6980+0.5360 mg/kg O =
= Uebsttt siehd R 7R sk FEFatelE RS

=, T3 7tege] Ag Falgt, @2 Flctel

(Unit : mg/kg, dry weight)

Direction Area No. of Sample Hg Pb Cd
Ka, 3 0.0190%0.0064" 0.0410£0.0750 0.4600+0.1640
Ki 2 0.0030%0.0028 0.1205%0.0615 0.2815+0.0191
Do 5 0.0076%0.0052 0.2810+0.3118 0.1788%0.0667
Mu 2 0.0060%0.0070 0.024540.0120 0.121540.0813
East Sa, 3 0.0020%0.0062 0.033340.0249 0.1250%0.0707
Y 4 0.0016%0.0005 0.553610.7338 0.1426+0.0384
U 2 0.002540.0021 0.1135+0.1265 0.144040.0417
U, 2 0.0240%0.0004 0.1330%0.0026 0.0890+0.0085
Po 3 0.0080+0.0052 0.0163+0.0066 0.3136+0.2716
N 2 0.0060+ 0.0084 0.1740%0.0750 0.4095+0.2566
subtotal 28 0.0069+0.0064 0.163340.2888 0.237240.1640
Ma 2 ND? 0.0120£0.0005 0.9800+ 0.4952
South B, 2 0.010040.0141 0.034040.0127 0.8575%0.3839
Wo 17 0.0176%0.0108 0.1360+0.1121 0.6980% 0.5360
subtotal 21 0.0152+0.0116 0.1214+0.1080 0.7141+0.4952
Jeju Je 2 0.0015%0.0007 0.0005%0.0007 0.0020%0.0014
subtotal 2 0.001540.0007 0.0005+0.0007 0.002040.0014
Total 51 0.0101%0.0097 0.1400+0.2274 0.4185+0.4140

YMean= SD (All samples were analyzed three times and averaged).

IND : Non detectable.

Table 4. Comparison of contents of heavy metals in Sea Tangle (Laminaria sp.)

(Unit :

mg/kg, dry weight)

Pb

Cd

0.162410.1564
0.0750£0.0028
0.0095£0.0049
0.0125£0.0007
0.0130+0.0052
0.0180+0.0027
0.0775+0.0474

0.1268+0.0485
0.1890+0.0730
0.1780%0.0099
0.1915£0.0587
0.2790+0.0021
0.1690+0.0072
0.1685+0.0389

0.0728+£0.1025

0.1579+0.7300

0.0617+0.0552
0.0180£0.0501

0.1944+0.1255
0.1290+0.0431

0.0528+0.0508

0.1640+0.1253

0.0040£0.0005

0.0400+0.0850

0.0040+0.0005

0.0400+0.0850

Direction Area No. of Samples Hg
Ki 5 0.0226£0.0266"
Do 2 0.0050+0.0147
Mu 2 0.01251+0.0021
East Sa2 2 0.01651+0.0021
Y 2 0.0180+0.0142
U3 2 0.0190+0.0035
N 2 0.0145+0.0004
subtotal 17 0.0158+0.0147
Wo 10 0.0205+0.0117
South
To 3 0.0010+0.0214
subtotal 13 0.0177£0.0118
Jeju Je 2 0.0040+0.0005
subtotal 2 0.0040+£0.0005
Total 32 0.0162+0.0133

0.062210.0828

0.1567+0.0980

YMean= SD (All samples were analyzed three times and averaged).
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33. CHAOle] 3% &% Hln

DAL 2% FAYEE dohns) $)5te] Faeh
73, Gt 232, AFEAA AFH s F 3270 st

frallEas s 57831 Table 40 VERH AT

ChAlvte] FEdd HRghEe £ 0016200133
mgkg, F 0.0622+0.0828 mgkg, 7HEE 01567+
0.0980 mg/kgS 2 735 9 th(p<0.05). o] ¢} 7+& 2
FE FL0.023710.0132 mgke, F 0.0257 +0.0006
mg/ke, 7F=H 0.0182£0.0007 mgkge] 235 HQ
3 %3 & 0.03+0.03 mgkg, ¥ 0.47+0.45 mg/
kg, 7F=E 048+0.70 mgkgd] A '3} v]=3F 23]
£ B3

AGEE B4t RH 29 4$ A KiXg

Table 5. Comparison of contents of heavy metals in Sea Lettus (Enteromorpha sp.)

FIS - AT -

u4417] -

0.0226 +£0.0266 mg/kg, A
A5 UsAY 0.0190+0.0035 mg/kg
A KiAlY 0.1624+0.1564 mg/kg, NX1< 0.0775
0.0474, 75

A5 YA 0.2790+0.0021 mgke, g WoA|
0.1944£0.1255 mg/kg, 735 UsxX1Y 0.1944£0.1255 mg/
kg =02 A e o™ A7 Zo|7t e Ao
HERGTHp<0.05). 3P gheFtole
dafete] g FaliQte] #A vEhdth FAHE
e 54 Wole) vt

mg/kg,

rlo H rl

O me
e mE g

3.4. mzfel
g9} £ FF4 HHAES
a% = A3t 23

A4

WoA]9 0.0205+0.0117
/\oi 1‘/:1}

DoA¥ 0.0750+0.0028 mg/kg, 7F=5

%o &

23 HEge

4 & Hn
ol 7] glsfe] 3t
eI 4ol AT 24, 5

2 Mgk, dalieh, AFlM & 70 R s

e

SHma=
o Al ER4 B
O 2 QHAgH W9l £33t

2= Shaks 243k Table 59} Table 691 VFERY 015}
e FFEE HadHEFe =& 0.0055+0.0034
mgkg, ¥ 0.0528+0.0525 mgkg, 7F=F 12955+
0.6396 mg/kgl 2 HEH AT (p<0.05). ©]<F 2 2
= L 0.02+0.02 mgkg, P 1.39+1.51 mgkg, 7+
ZF 0351048 mgkge] A#E B 7 T £

(Unit : mg/kg, dry weight)

Direction Area No. of Samples Hg Pb Cd
West Mo 4 0.0067=+0.0005" 0.0195£0.0155 1.8588+£0.4523
N 5 0.0068+0.0021 0.0868+0.0575 1.5630£0.3084
subtotal 9 0.0067£0.0015 0.0569+0.0548 1.6943£0.3854
B2 3 0.0010+0.0014 0.0515£0.0559 0.7110£0.4072
South Wo 10 0.0070+0.0030 0.0520£0.0621 1.3370£0.5946
To 2 ND? 0.0570+0.0528 0.2995+0.2170
subtotal 15 0.0048+0.0040 0.0503£0.0528 1.0562£0.6509
Total 24 0.0055+0.0034 0.0528+0.0525 1.2955£0.6396
PMean+ SD (All samples were analyzed three times and averaged).
IND : Non detectable.
Table 6. Comparison of contents of heavy metals in Fusiforme (Hizikia fusiformis) (Unit : mg/kg, dry weight)
Direction Area No. of Samples Hg Pb Cd
West Mo 2 0.0315+0.0035" 0.0400£0.0156 0.5670+0.0891
South Wo 3 0.0137£0.0056 0.0086£0.0150 0.3053+0.1741
Jeju Je 2 0.0270+0.0014 ND? 0.0070£0.0028
Total 7 0.0226+0.0092 0.0151£0.0205 0.2948+0.2525

YMeanz SD (All samples were analyzed three times and averaged).

2ND : Non detectable.
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Table 8. Correlation coefficient of heavy metals in green
algae

Item Hg Pb Cd
Hg -
Pb -0.144 -
Cd 0.513%* 0.420%* -

*Pearson's correlation at p<0.05
**Pearson's correlation at p<0.01

Table 7. Comparison of contents of heavy metals in edible seaweeds collected from coastal area of Korea

(Unit : mg/kg, dry weight)
Species No. of Samples Hg Pb Cd
Enteromorpha sp. 24 0.005540.0034" 0.0458+0.0572 1.295540.6396
Codium fragile 3 0.00100.0001 0.0157£0.0166 0.3000+0.3694
Green algae 27 0.0050+0.0035 0.0486+0.0510 1.1849+0.6885
Undaria pinnatifida 51 0.0101%0.0097 0.1400%0.2274 0.41851+0.4140
Laminaria sp. 32 0.016240.0133 0.0639+0.0821 0.1567%0.0980
Hizikia fusiformis 7 0.0226+0.0092 0.015140.0205 0.2948+0.2525
Brown algae 90 0.0132£0.0117 0.10334:0.1829 0.316510.3455
Porphyra sp. 48 0.0046+0.0040 0.0458+0.0572 1.32214+1.0252
Gelidium amansii 2 0.0075%0.0035 0.00050.0007 0.2110+0.2814
Chondria crassicaulis 2 0.0100% 0.0005 0.0960=+ 0.0005 1.7300%0.0021
Red algae 52 0.0049+ 0.0040 0.0460+ 0.0565 1.4042+1.0386
Total 169 0.009340.0097 0.0766%0.1404 0.7615+0.8215

DMean= SD (All samples were analyzed three times and averaged).
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Fig. 2. Bioaccumulation factor calculated by dividing the
mean heavy metal concentrations (mg/kg dry weight)
of macroalgae by the mean heavy metal concentrations
(mg/L) of sea water in Korea coast.
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Table 9. Comparison of total weekly intakes of heavy metals
from macroalgae with PTWI established by FAO/

WHO

Metals Daily intake Toteilll]t\;vl:::kly PTWI
PTWI pg/kg b.w day/capita %
(PTWI kg bow) (ngldayleapita)  w  (0%)
Hg(5 nug/kg b.w) 0.08 0.01 0.17
Pb(25 pg/kg® b.w) 0.60 0.07 0.27
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