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Trace Metal Contents in Seaweeds from Korean Coastal Area
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Abstract

In order to assure the safety of the seaweeds, we measured the contents of the trace metals in the seaweeds
harvested from Korean coastal area. We collected 620 marine algal samples from fourteen areas, and then ana-
lyzed the trace metals such as Hg, Cd, Cr, Cu, Mn, Ni, Pb and Zn. The contents of Hg, Cd, Ni and Mn were
higher in the seaweeds collected from Chungnam Taean area. The contents of Cr and Cu were higher in the
seaweeds collected from Yeongdeok and Tongyeong area, respectively. And Pb and Zn were highly detected
from the seaweeds of Ulsan area. The mean levels of trace metals were high in the order of Zn (48.02+41.20
Bg/g)>Mn (34.63138.95 ng/g)>Cu (6.29+6.52 ug/g)>Ni (2.17+4.00 ng/g)>Cr (1.61+2.35 ng/g)>Pb (1.28+2.37
bg/g)>Cd (0.67+0.75 pg/g)>Hg (0.02+0.02 ng/g). Zn was consistently most abundant metal in all samples,
followed by Mn and Cu, which are very important for human health. There were higher contents of Hg and
Cd in brown algae, the contents of Cr, Cu, Mn, Ni and Pb in green algae, the content of Zn in red algae among
them. Additionally, significant linear correlations were observed between a total 28 different pairs of metals,
of them, the correlation factor between Cr and Ni showed the highest (r=0.374, p<0.001). The trace metal
contents of seaweeds varied with habitats and kinds of samples, nevertheless they showed very safe level
in edible seaweeds tested. Scytosiphon lomentaria, which has been known as a little use of food, have shown
a clear selectivity for Cr and Pb. Among non-edible seaweeds, Sargassum thunbergii for both Cd and Mn,
Lomentaria hakodatensis for Ni and Grateloupia prolongata for Zn have shown a clear selectivity, respectively.
Therefore, these seaweeds could be useful as bioindicator for each trace metal pollution.
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Zn>Mn>Cu>Ni>Cr>Pb>Cd £ 2.2 91 5-2] o 2] 2] ol 4] (r=0.278) = F(r=0.183)3} p<0.0015F oA A#AAE ¥
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Table 2. Comparison of bibliographical data on trace metal concentrations of the seaweeds from different geographical area

Geographic Trace metal concentrations (Ng/g dry weight)
; Reference
area Cd Cr Cu Mn Ni Pb Zn
Antarctic 0.05~2.01 b 0.10~4.32 2.12~27.31 Moreno
Ocean (0.45) NA (151) NA NA NA 99)  etal D
Antarctic <0.1~104 1.60~12.1 <0.2~15.2 0.33~17.1 1.8~8.76 <06~759 <0.1~15.0 Farias
Ocean (1.59) (4.86) (5.67) (4.11) (5.62) (1.94) (4.61) et al. (12)
Favignana Is. 0.66~2.06 2.20~3.55 10.4~13.3 NA NA 52~114 44~84 Campanella
coast, Italy (1.00) (2.86) (11.00) (6.36) (53.00) et al. (13)
Gaeta Gulf, 0.13~0.66 1.39~3.96 49~13.2 NA NA 1.67~4.82 37~56 Conti and
ITtaly (0.34) (2.55) (9.05) (2.96) (48.00) Cecchett (5)
Turkey coast <0.02~162 <0.06~23 <0.03~20.1 67~3646 <0.1~706 <0.1~9.1 3.9~3944 Topcuoglu
(0.24) (0.38) (6.53) (64.08) (13.13) (0.90) (59.13) et al. (14)
Syrian coast <0.05~0.84 1.69~775 0.66~8.78 32~514 NA 0.09~364 759~37.11 Al-Masri
(0.24) (112.56) (4.23) (188.63) (0.92) (20.63) et al. (15)
Hong Kong 0.30~2.80 NA 280~271.4 9~ 1704 1.7~36.8 08~1371 11.00~310.0 Ho (16)
coast (0.90) (21.43) (134.33) (11.51) (18.96) (75.62)
Korean coast ND?~562 ND~2264 ND~6665 029~301.82 ND~3481 ND~3042 056~311.29 The present
(0.67) (1.61) (6.29) (34.63) 2.17 (1.28) (48.02) study

l)NA, Not analysed. 2)ND, Non-detectable.
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Table 3. Pearson product-moment correlation coefficient for all elements measured in this study
Hg Cd Cr Cu Mn Ni Pb Zn

Hg 1.000 0.037 0.000 0.031 0.041 -0.023 0.121™ -0.091"

Cd 1.000 -0.094" 0.020 -0.019 -0.064 -0.076 0.072

Cr 1.000 0.278"™ 0.329"™ 0.374™ 0.183™ -0.059

Cu 1.000 0.271™ 0.180™" 0.234™ 0.113"

Mn 1.000 0.247"" 0.158™" 0.044

Ni 1.000 0.083" -0.016

Pb 1.000 0.013

Zn 1.000
*0.01<p<0.05, ""0.001<p<0.01, ***p<0.001.
0.001 ol A A#AA S el Kim 5(18)2 o &7 & FFC wE 2ol g vehde] 2E, T8, Wk, UA
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Z}H&omuk Az EMO]?% e A A4 AEEA L

o, 015 A, g A FEEY p<OBR ¥
2 FEL etk Felo] A e A oA
u}-, N CE]_I;]_I:} lr‘}“ ?Q _L.(D<0.05), —x—_ﬂ' J’]"”H’C UH AB
o] Hrlk p<0.059] ¥-& §o4F Ao] S vhehuyiglon 1
FEE el FAA 5Fo] ot D2k maEd),
Azt %7k 2 gdolA =4 HEE o, o] 52

o nledghi p<0052 £ 211 o] S vhehy
Honh, 2 9 BEE ol o1 4ol ohisich 12

9 A% Ade A7, neH, Ao g AslD FEE
p<0.059) F& oA 2 vehilel 14 A A2H

on thgo 2 Az, zelw ok F& zal oA s}
A=A AEHRoH (Aol o] 9] FEE7 p<0.05 ‘n“’]‘T'
), 2 99 FEE JtelE ey}t P B} p<0.05E =

oA Abo] & viehd Z1& Al 98l f-2l % $50) °M

Ark olde F2FU AL, +X7H2 2 A A £

Aok, G, st vl uet A AEH AL (p<0.05),
2 9 F2E5 Dol $20H ol opaleh

Fevete] A5 obA dlxfol e FF4 L) FES
AA =] IA o, 4t ol Fo FF4 ARIHE FE
F=051g/g, & ¥ 71=F 20 ug/g o8
AAF 0] dvh26). LA o2l &t s A o s Foll T
4 AR5 B2 o A4 | 2F vEFS
7128 Aol A E ol8)g) 7)Ee) " x]x] Edlge
o] 2ol oF 70~90%<1 A& zkslH(27) 7)
AR wdste 59l :Lﬁiﬂr zrol A A
7I1$e2 2 01 pg/g, 7F=% 05 1g/g, & 5 ug/g
zh dA o] glrlka Feb(28). B T4 "‘rE}Ur

NEF 35§ o) Z)EH vmapd o

il

L

= AE e
}2}

(2 o BN oEN St orlo o
U oofy by
oﬂi_&:tm
d

'|—‘ _1:!4
Hs ﬁ

2



1046

71

A3 - EF -

sl

Table 4. Concentration of trace metals in edible seaweeds collected from coastal area of Korea

. Trace metal concentration (Rg/g dry weight) No. of
Species )
» Hg Cd Cr Cu Mn Ni Pb Zn Samples
Enteromorpha . ND"~0.09 ND~2.12 ND~1310 0.74~5147 936~20090 021~882 ND~7.99 10.94~5958 43
sp.? (0.02+0.02)” (0.35£0.48) (4.05+2.78) (11.35+837) (47.89+35.51) (2.95+1.86) (1.39+151).(29.30+11.95)
Codium fragile NP 7001  006~065 ND~1628 ND~2616 818~15530 0.11~1498 008~344 7.26~33.95 5
OaLm JIABEE  (0.00+0.00) (0.27+0:14) (3.34+3.96) (4.32%6.46) (5591 +44.15) (4.75:5.00) (1.08£0.90) (16.80+7.43)
Capsosiphon ~ 0.01~0.03 ND~0.78 1.05~2264 506~1072 17.88~61.34 0.76~10.11 0.12~2.32 20.03~70.26 .
fulvescens ~ (0.02+0.01) (0.18+0.28) (655+7.28) (8.41+2.23) (35.47%15.38) (3.35%3.14) (1.10=0.74) (31.68% 19.16)
Green al ND~0.09 ND~212 ND~2264 ND~5147 8.18~20090 0.11~1498 ND~799 7.26~70.26 -
°on EBAC (0.01+0.02) (0.31+041) (4.15+3.78) (9.41+802) (4841136.16) (3.41+3.03) (1.28+1.32) (2659 12.92)
Undaria ND~0.10 ND~216 ND~391 0.13~2993 199~12496 ND~29.17 ND~522 888~199.95 o8
pinnatifida  (0.01£0.02) (0.60+0.46) (0.77%0.79) (3.69£381) (17.72+19.31) (0.90+3.11) (0.93+1.02) (34.37+23.22) .
Laminaria ND~008 ND~253 002~140 ND~453 255~37.07 ND~071 ND~166 492~3809 12
japonica (0.03+0.03) (0.48+0.70) (0.51£0.44) (1.93+1.24) (12.24%12.08) (0.21£0.23) (0.4710.45) (16.74%9.10)
Sargassum ND~008 009~277 ND~165 ND~591 029~7437 029~159 026~088 056~119.41 6
fulvellum — (0.03£0.03) (1.41+0.92) (0.87=0.61) (3.341.94) (22.84+26.79) (0.88+0.46) (0.60=0.30) (40.54+41.02)
Hizikia ND~007 012~198 ND~252 010~9.03 440~3831 ND~239 ND~448 2.09~4944 03
fusiformis ~ (0.03£0.02) (0.66+0.53) (0.650.77) (3.09+1.89) (16.669.33) (0.840.68) (0.91+1.18) (16.27+ 14.02)
Seytosiphon ND~005 ND~078 054~1639 291~2753 7.17~13243 090~9.19 041~735 20.11~72.90 16
lomentaria  (0.02£0.01) (0.26£0.27) (5.60+4.83) (866:16.59) (59.09+38.19) (4.57+2.80) (2.52+1.97) (43.56+ 16.75)
Others 001~002 ND~076 003~621 268~663 10.10~209.69 0.16~422 0.16~387 17.94~10422 9
(0.01£0.00) (0.43%£0.27) (1.80£1.95) (4.12£1.35) (44.23%63.38) (1.83%151) (0.93=1.15) (54.43+33.62)
Brown algae  ND~010  ND~277 ND~1639 ND~2093 0.29~20969 ND~20.17 ND~735 056~199.95 154
° g (0.02+0.02) (0.58+053) (1.30%229) (3.99+4.02) (23.18228.38) (1.27=2.79) (1.04=1.24) (33.07+27.19)
» » ND~001 ND~518 ND~268 178~4437 11.35~14124 ND~157 ND~196 11.82~129.72 23
orphyra sp." - (001+0,00) (1.60+1.19) (0.70+0.63) (11.02+ 10.19) (39.25+23.11) (0.5420.44) (0.31+0.38) (56.96+31.49)
Gelidium ND~007 010~1.14 ND~947 098~66.65 802~11626 054~566 ND~267 10.83~12961 -
amansii (0.01+0.01) (0.50%0.33) (1.67£2.18) (8.32+15.18) (49.20%35.46) (1.71%1.45) (0.70=0.74) (63.79+30.56)
Gloiopeltis ND~001 0.06~090 ND~278 103~920 1897~66.18 001~266 ND~362 31.80~77.07 .
furcata (0.01£0.00) (0.36%0.31) (1.46+0.87) (4.85£2.96) (31.05*15.81) (1.51+0.89) (0.83+1.31) (49.09+19.65)
Gracilaria ND~001 ND~040 ND~166 291~629 3.35~169.69 ND~228 0.10~0.60 12.45~103.86 6
verrucosa (0.01£0.00) (0.10+0.16) (0.79+0.87) (4.59+1.33) (51.74267.02) (1.07%0.87) (0.370.20) (53.83+34.36)
Chondria ND~0.06 0.08~103 037~433 4.03~2075 996~176.10 222~11.19 0.07~3.67 19.64~10456 1
crassicaulis (0.02+0.02) (0.50*0.28) (2.10£1.52) (9.40£4.33) (41.24*4552) (563%2.10) (1.0170.96) (63.97+27.71)
Others ND~003 0.10~212 031~4.84 267~2232 779~14468 ND~581 ND~2.44 32.47~13650 9
(0.01:£0.01) (0.71+0.73) (1.58%1.45) (849+7.27) (54.51%48.16) (2.60%+1.96) (0.71+0.72) (71.19+36.84)

Red aleac ND~007 ND~518 ND~947 098~6665 3.35~176.10 ND~11.19 ND~367 1083~ 13650 2
g (0.0120.01) (0.91£0.98) (1.26=1.40) (9.00£9.87) (43.39%35.79) (1.84%2.10) (0.58+0.73) (59.99+30.48)
Total ND~0.10 ND~518 ND~2264 ND~66.65 029~20969 ND~29.17 ND~7.99 0.56~199.95 203

(0.02+0.02) (0.62£0.70) (1.90+2.76) (654+7.44) (34.19%34.15) (1.892.79) (0.97+1.16) (39.33+29.02)

l)ND Non-detectable. 2)Parenthesls represents values

2

s}3}
CEES
AxFE AABA 52

Aol vlRs gobe

-?-“- PN‘

A FEI AT FHEF
& 497} slo) iAol e AEsl Bed

of meanXSD.
Enteromorpha sp. contains Enteromorpha linza, Enteromorpha crinita and Enteromorpha prolifera.
Porphyra sp. contains P. tenera and P. okamurae.
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Table 5. Concentration of trace metals in non-edible seaweeds collected from coastal area of Korea

) Trace metal concentration (Lg/g dry weight) No. of
Species ;
Hg Cd Cr Cu Mn Ni Pb Zn Samples

Ulva <0 NDY~015 ND~144 ND~2066 0.78~2289 306~85.18 ND~941 ND~3042 312~13373 "
D: (0.01+0.02)? (0.27+0.28) (2.16+3.18) (8.78+5.78) (30.64£1872) (2.22£1.95) (2.64%521) (28.08+26.17)

Others ND~004 023~048 0.07~331 241~17.07 345~181.18 070~5.16 007~369 13.00~5651 A
0.02£0.02) (0.31£0.11) (1.77+1.37) (880%£7.28) (52.47+86.00) (2.631191) (1.46£1.56) (27.73£19.77)

Green algae ND~015 ND~144 ND~20.66 0.78~22.89 3.06~181.18 ND~941 ND~3042 3.12~13373 e
g (0.010.02) (0.27+0.27) (2.13£3.06) (8.78+5.83) (32.46+28.81) (2.26+1.93) (254+501) (28.05+2553)

Eeklonia cavg 0017003 027~281 002~289 021~1406 320~549 ND—092 ND~182 3163~5115 7
(0.02£0.01) (159+0.96) (0.62+1.02) (2.82+4.98) (4.47+0.69) (0.44£0.40) (0.47+0.63) (42.14+7.33)

Sargassum ND~008 046~562 052~5.15 1.75~1343 1886~22367 1.06~692 039~621 14.24~72.71 o1
thunbergii  (0.02£0.02) (1.29+1.15) (1.96=1.30) (6.68=3.27) (81.01 £55.37) (2.54+1.43) (1.75+1.50) (35.67=14.96)

S » ND~031 ND~398 ND~928 ND~4731 020~13258 ND~3481 ND~I1219 3.48~113.84 -
argassum sp.— ) y2+0,04) (1.12+0.98) (0.96%1.48) (5.42%6.12) (20.82+26.36) (1.32+4.03) (1.36£1.89) (2878 *19.61)

Others ND~0.03 ND~48 ND~525 0.13~11.97 202~122.83 007~1250 021~201 4.68~230.16 5
(0.01£0.01) (0.67+1.21) (1.33+1.28) (6.4453.37) (28.01 +33.57) (3.18+4.12) (1.13+£0.57) (51.8]1 £59.55)

Brown aleae  ND~031 ND~562 ND~9.28 ND~4731 029~22367 ND~3481 ND-1219 348~23016 o)
& 0.02+0.03) (1.12+1.05) (1.19+1.44) (564%534) (32.70+41.86) (1.74+3.60) (1.36£1.66) (33.82£2757)

Grateloupia ND~0.04 ND~374 001~255 034~1326 1363~5068 020~1249 012~155 4299~23751
prolongata (0.01£0.01) (0.89%+ 1.06) (0.83£0.70) (5.41+3.83) (30.46+15.25) (2.51+3.60) (0.66=0.42) (118.79%70.19)

P. elliptica & ND~004 ND~169 ND~288 039~1742 562~6206 ND~298 ND~481 1924~14294
G turuturd® (0.01£0.01) (0.6520.42) (0.54%0.65) (3.13+2.63) (1451 £11.13) (0.37£0.56) (0.49=0.78) (81.97%33.10)

Callophyliis ND~0.15 ND~078 ND~367 ND~665 12.19~12641 009~3.07 ND~1255 10.30~62.81 9
crispata (0.03£0.05) (0.38£0.27) (0.88%+1.13) (2.93£2.05) (43.67+37.86) (0.82:0.94) (1.93+4.04) (43.77£14.84)

Schizymenia  ND~002 025~153 ND~292 164~795 715~3376 ND~08 023~242 5503~31129
dubyi (0.01£0.00) (0.64%+0.36) (0.69=0.77) (4.88+1.84) (14596.86) (0.3210.30) (0.73£0.65) (144.59+80.32)

Chondrus ND~001 007~103 ND~235 053~1119 2081~6262 0.14~193 015~11.89 3632~13016 .
ocellatus (ND*0.00) (0.51+0.29) (1.25+0.61) (5.02%£2.93) (37.38+12.18) (0.89+0,54) (1.502.88) (81.86=25.67)

Lomentaria ND~001 ND~094 0.14~10.78 1.90~19.63 807~116.09 0.36~31.35 025~322 5.06~157.50 5
hakodatensis (0.01£0.00) (0.29%0.23) (2.22%2.49) (7.78+4.56) (42.82+27.91) (17.97£9.46) (1.03£0.77) (48.25+41.60)

Othe ND~007 ND~101 ND~1037 ND~4250 854~301.82 ND~1325 0.15~22.03 8.30~201.06 3
s 0.02+0.01) (0.34%+0.32) (2.122.16) (9.16+8.40) (81.71£7957) (3.48+3.07) (3.45+5.44) (69.45+43.64)

Red ol ND~0.15 ND~374 ND~1078 ND~4250 562~30182 ND~3135 ND~2203 506~31129 o
ed algae (0.01£0.01) (0.53+0.47) (1.20%1.56) (551 £5.27) (37.80+47.78) (3.08£6.20) (1.44+3.13) (83.59+53.21)
ND~031 ND~562 ND~20.66 ND~47.31 029~301.82 ND~3481 ND~3042 3.12~311.29

Total 317

(0.020.02) (0.72%0.80) (1.34+1.85) (6.06£5.49) (35.05+43.10) (2.45£4.87) (1.58£3.08) (56.17=48.64)

UND: Non-detectable. ?Parenthesis represents values of mean®SD.
YUlva sp. contains Ulva lactuca and Ulva pertusa.

4)Sargassum sp. contains S. horneri, S. miyabei, S. confusum, S. micracanthum and S. piluliferum.
9p. elliptica and G. turuturu represent Pachymeniopsis elliptica and Grateloupia turuturu, respectively.
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371 98] multiple comparison testS A A 81410,
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Aedo LE 64 S FEET p<O05E TR 214 7
SEREEFECIEREE S SR EE EEEEER
o4 7l s} wApake] wlale] ¥4 AEF A (p<0.05)& A

ﬂﬂﬁ‘“ Fro A o] ook YA A5 of 7] vic] g
Solel A 7t A AEH ZE A S F5E7 p<0.05

2 FHE A AolE HYow, 1 9 F5E Zel=
oA FEo] ol B 2ol A mak R A
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2 AR ¥} ¥, Al-Masri 5-(15)2 Sx) 82 A&}
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23, 2E-L VA (r=0526)7 p<0.0015F-F oA =& A%
A Z vhehilel o, B2Hr=0.419), ¥ (r=0.397) @ Fe] (r=

0.313)9} p<0.001 5Tl A G AR BAE B} T =
F7Hr=0.327), o} (r=0.252) % A (r=0211)3}, B2+ Y
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(19)9] ®3(r=0.878, p<0.01)} =] s}oich.

T v AL | 2Fel e 2B JAT=0.352), F7Hr=
0271 #H T8 (r=0.204)%}, T8l F(r=0.370) ¥ =7Hr=
0.235)3} p<0.0015F 4] kgt AR BA S Jehuigdoh =
g, E-52(r=0.150), F-ZE(r=0.165), YA-72](=0.191)
Y A -7 r=0.185)2 p<0.015Fol A okl A RAA =

o
3E T

o) 4+e) Asfo A AFdakel] F-23lH kA AdoNA 4 Bolrh w4 & 279 vigIS 0 AndA s 3 A
A AHE 5 = A S A E2F[A A Fol= 7teF G w3 H2F U AL f 2 [l Frc) oI A5 B
o A ENEE o] 8T 5 le oz guse o lwyd AL ek oA MAE H2Fe A AHw
Table 6. Pearson product-moment correlation coefficient for trace metals of edible and non-edible seaweeds

Hg Cd Cr Cu Mn Ni Pb Zn
Edible seaweeds

Hg 0.014 -0.040 -0.078 0.016 0.022 -0.098

Cd 0.073 -0.144" 0.101 -0.073 -0.128" -0.149™ 0.239™

Cr -0.010 -0.022 0.313™ 0.419" 0.526™" 0.397" 0.001

Cu 0.098 -0.065 0.204" 0.327™" 0211 0.115 0.252"

Mn 0.104 0.015 0.271"" 0.235™ 0.397" 0.261"" 0.201"

Ni -0.039 -0.027 0.352"" 0.191" 0.185" 0.211" 0.119"

Pb 0.150™ -0.073 0.165™ 0.370™" 0.138" 0.113

Zn -0.096 -0.026 -0.069 0.046 -0.025 -0.078

Non-edible seaweeds

ok

*0.01<p<0.05, *"0.001<p<0.01, “*p<0.001.
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Fig. 1. Comparison of trace metal concentrations among
green, brown and red algae.
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= #o 58 e Al dskth o]k A el 4] ZHE Rl
A & SEFo] A, SE2FAA 2%, 7, ¥, W
A go] A, 28l FERFAAE ofde] AR A A

2, A2F 94 F2Re vHES e Y
gt At e PlFES FEFEC0E VIEeE AxY
ol diate] AbEste] Yetiich(Fig. 2). o, 7tEEE

Z 2 5(2F 6,000), F2F(2F 5,000), S257-(2F 2,000) &2

20,000
OGreen algae
Brown algae
15,000 | E Red algae

[ Total algae

10,000

5,000

Bioaccumulation factor

Cd Cr Cu Pb Zn

Trace metals

Fig. 2. Bioaccumulation factor calculated by dividing the
mean metal concentrations (Bg/g dry weight) of marine
algae by the mean metal concentrations (lig/mL) of sea water
in Korean coast.

The mean metal concentrations of sea water published by NFRDI
(30) are used for calculating bioaccurnulation factor.

Table 7. Results of the one-way analysis of variance for trace metal concentrations of green, brown and red algae

Marine algae

Group Green algae Brown algae Red algae Green algae Brown algae Red algae
Hg Cr
Green algae 0.076" <0.001 <0.001
(2.588)% (1.546) (25.578) (28.052)
Brown algae <0.001 <0.001 <0.001 0.986
(20.377) (12.031) (25.603) (0.014)
Red algae <0.001 0.099 0.0204 <0.001
(13.568) (2.328) (3.938) (7.094)
Cd Cu
Mn Pb
Green algae . 0.039 0.118
(0.074) (4.661) (2.152)
Brown algae 0.095 0.961
(6.282) (2.371) (0.040)
Red algae . 0.009 <0.001 <0.001
(0.152) (4.789) (52.163) (73.819)
Ni Zn

Yp-value. ’F-value.
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Fig. 3. Comparison of bibliographical data on trace metal
concentrations of green (G), brown (B) and red (R) algae
from different geographical area.

Reference results are obtained from marine algae of Antarctic
Ocean (17), Hong Kong coast (16), Korean coast (8), Syrian coast
(Eastern Mediterranean sea, 15).
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