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Abstract : Concentrations of Al, As, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, Zn were determined in four arctic
brown agae (Laminaria saccharina, L. digitata, Alaria esculenta, Desmarestia aculeata) in an attempt to
examine for their metal accumulation capacity and aso to assess their contamination levels. Macroagae
were collected from shallow subtidal waters (<20 m) of Kongsfjorden (Kings Bay) on Spitsbergen during
the period of the late July to early August 2003. Meta concentrations highly varied between sampling sites,
species and tissue parts. Input of melt-water laden with terrigenous sediment particles seemed to have a
large influence on baseline accumulations of some metals (Al, Fe, Mn, Pb etc.) in the macroalgae, causing a
significant spatia variation. There were also significant concentration differences between the young and
old tissue parts in L. saccharing, L. digitata and A. esculenta. While Al, Fe, Mn, Pb were higher in the
perennia parts below meristematic region (excluding holdfast), Cd and As concentrations were significantly
higher in the young blades above the meristematic region. Zn and Cr, on the other hand, showed little
differences between the tissue parts. The highest metal concentrations were found in D. aculeata, which
seems to be due to its filamentous fine branches leading to high surface/volume ratios. The lowest
concentrations were found in the two Laminaria spp., the blades of which are thicker than D. aculeata and
A. esculenta. No distinct signs of contamination were detected in the brown algal species anadyzed. Added
to this, the results of the present studies suggest the potentia utility of L. saccharina, L. digitata and A.
esculenta as biomonitors for metal pollution monitoring in this area.

Key words : 225 (brown seaweeds), £ (Arctic), 2~¥H}=(Svabard), 534 (heavy metas), F2-9 &
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1A 8 A g #
F A7 FEOE {90 ©GBAo] AES o]
= o

FelvE 7127 1A = Svdbardid2 H<7k ol

* Corresponding author. E-mail : ishn@kopri.re.kr 3 Svalbardd- tf7] &%ke] 544 A< 74, oM



122 Ahn,|.-Y. etal.

7}, Aol A BT A7) 2 °.

o] FFAoE FYHE AGLE ol FAHLHEEH ]
ANFEAES Sd=F, L7 59 AW =2 7=
F5E e Ao] TAFIL Qo] o] = Q1% S A EA]
ko] 3L &= 3L THAMAP 2002). Svalbard
3 Ny-Alesundol] A8 A ATERS 529
g 7P Ags d7A9Y shE weEn

o U =
H O

Yo M omx 12
L T o2
19(#
o
4
v}
1

it

g o]E LEEAY o
A E L ENA olE FHE
A AEEHJ o, Holge] A E

o
o2 o

S
R
o) - IO

oo
Ho
N
juis
b
p)
2
S (I

Wt
)
ol
e

i
of
2
>
rr
3
&
5
flo
:i
_\|le
I
e
ojfl
o
off
o Hl
=
o

Al Ve Sl o= QA EH ] Holw:
9] AHE AREHI o) e H=Z9
g, ol &
A GF sol AgsiA TetEo] UA| gdo
T7F AH3 A oltHAMAP 2002). 3 =9
AF4= Kongfjordene] &7 9} dll =F(Marine birds)
NN FEET 719 FEES 245 v 7194
A SR FEw v v Fod i e vhElx
dlede] g =94 Hjg] A =7 YERY, Kongsfjorden
o olg TS 29d
TH(Hop et al. 2001).

2 = )R] Q1 892l Kongsfjordens+e] <
AEUEH Age A E5FS AA] 9 979 o
gtog Mo o] Ao de] FXEalaL xF o] o]
3t )3 Z+xF(Laminaria saccharina, L. digitata, Alaria
esculenta, Desmarestia aculeata)s: o= S35 5=
P& AR HE4xF/= 74 20 m 7o) ot
of da] BX3H, 0|39 8 AXAEF green sea
urchin(Strongylocentrotus droebachiensis)®] T8 Ho|&
o] §-=aL 3hrt.

o

2 o
o
0

ofy o

A
o
re o

o
off
Sy

={
o2
a8
)
to
juted
o
i)
1o

f
©
o

©

BT

)

d
¥
o
P
o
Ry
r
=

9,

2 Ao AT 2 5218 54

Kongsfjordenyh-2 Z~whils = A =#| 2714 A%
aljetoll A8 = AFA Wl e == Aol 7PN,
12°E9] T9= Adele Eakarl upEest Bk &
7ol dFor FoAxe] 5 ekl s 1 2ysirt
(Svendsen et al. 2002). YA ELEE HoA S 5=
AEo] E3E IS Hole Floz dEA glon, o
7)ol S B2 HE FYEE Bret BEARF Soll o) &
FAE, 53] AMAETHY T2 HE7} =27 W3t
e 202 dex rh(Hop et al. 2002). 71€} Kongs-
fiordene] 214 543} 382742 Hop et al. (2002)
9} Svendsen et al.(2002)°] 2 F=Ho] Ut}

3 A8 % Uy

=

sl %5+ Kongsfjorden 37 A|<JollA] 2003 7€ 28Y
A1 89 6 Atololl z A stATh(Fg. 1). F+AS
o= o] A4 1995 o] Fof w2 go], FHE=
oaf FaE F k] 5 FALE dofzl 24
& B¥AE (Hop et al. 2002)9} 42 #}& (Svendsen et
al. 20022 F=xslrh S AR HEEXE 09| 7%
o] ¥ oz F4HH, St BE Fig. 29 23 g
FEA] HEo](Svendsen et al. 2002; Kang et al. 2003)
Fare] S A A o= I, B "y 9
o]7 BF YFE Sl FYhEE 19 LHEHY 9
gFol A9 gle ASE AYztEo] hRAHoE A8
th HA| O 2 & C= 4T FEo| Wol 23
Fitol Sts. A9k Bol| Hlall =LA Wil B3 g7t 3
37199 EAPE Bol fEeE o® sxRe] T
& S % 2ol UE A= AYztEo] HAA AT
Z3th 74 5-15 m el 'de] E¥ sk Ayo] gol
ol )3 ZzF(Laminaria saccharing, L. digitata, Alaria
esculenta, Desmarestia aculeata)E U2 S5 55
Fe ARSIt Laminaria saccharina, L. digitata,
Alaria esculenta= 3733 (meristematic region)$] 20-30
cm Zole] HlawA o] 7 (blades)ot A7 olst =
715 (stipe)E XS =S FLCIFA)E Lhro] #
A8}t D. aculeatas 7|45 A 2|3 AA| 7148} £7]
F5 A s AR E sl e SR B
ol FAAELS AR 7HA2 slE Ao AAsE

oL 4

s

of

f Lo

o
%l
5
A

"

54
o

S
(30p Guit &
7/ Guissez @g,
N
2
E
(=)

= 7910'N

\
',
&

Ny-Ale s W""'..‘
A

b
Xy

0 5km Broggerhalvoya i,
N

11°E N 12°E 1

] LK I [ %

Fig. 1. Sampling stations in Kongsfjorden. Seaweed
samples were collected by SCUBA divers dur-
ing the period of July 28th to August 6th, 2003.
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Fig. 2. Spatial digribution of suface water temperature
(°C) (a) and salinity (psu) (b) in Kongsfjorden in
summer (from Kang et al. 2003).
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Table 1. Analytical results of metal concentrations (ug -
g dry weight) in the standard reference mate-
rials of sea lettuce (CRM 279, IRMM-BCR,
Belgium). Values are mean standard deviation.
Values in parenthesis are not certified.

Sea lettuce
Element Certified M?ﬁir)ed % Recovery
Cd 0.274+£0.022 0.237+0.005 104
Cr (11.6+0.6) 8.94+0.23 76.7
Pb 13.48+0.36 12.39+£0.28 91.8
Cu 13.14+£0.37 11.16+£0.06 92.6
Ni (159+0.4)  1514+0.11 99.0
Mn (2150+70) 1920+ 40 89.4
Fe (2430+30) 2190+50 90.3
Zn 51.3+£1.2 42.4+0.7 90.1
As 3.09+£0.20 3.11+£0.12 100
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Fig. 3. Comparisons of metal concentrations (ug-g~* dry weight) of Laminaria saccharina between the young (1) and
the old (1) tissue parts at three sampling stations. Mean + 1 standard error bars are represented. Statistical
significance: *, p<0.05; **, 0.01<p<0.05; ***, p<0.001.
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Fig. 4. Comparisons of metal concentrations (ug -g~* dry weight) of Laminaria digitata between the young (1) and the
old (I) tissue parts at three sampling stations. Mean £ 1 standard error bars are represented.
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Fig. 5. Comparisons of metal concentrations (Ug- g™ dry weight) of Alaria esculenta between the young (1) and the old
(I1) tissue parts at three sampling gations. Mean+ 1 standard error bars are represented. Statistical sgnifi-

cance: *, p<0.05; **, 0.01<p<0.05; ***, p<0.001.
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Fig. 6. Comparisons of metal concentrations (ug - g™ dry weight) of Desmarestia aculeata at three sampling stations.
Mean = 1 standard error bars are represented. Statistical significance: *, p<0.05; **, 0.01<p<0.05; ***, p<0.001.
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Fig. 7. Comparisons of metal concentrations (ug - g™ dry weight) between the four species of brown algae. All the data
from the three sampling sites were presented as vertical points.
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Table 2. Comparisons of metal concentrations in various brown algae from Kongsfjorden with those from other geographic localities. Figures are means or min-
imum-maximum values. unit: ug- g dry weight.
Al As Cd Co Cr Cu Fe Mn Ni Pb Zn L ocalities References
Laminarides(thA 7H5)  Laminariacege (YhA] vl

Lamnariasaccharina 22-43 33-87 09636 008029 05310 03515 358 1952 030058 0035015 2913 1
L. digitata 24-20 40100 0.17-0.89 0.090-0.34 056092 057-19 3655 1641 032-063 0.041-0.068 6.1-15 1
L. saccharina 7 76.2 28 0.084 <05 <05 40 304 0.57 <0.01 85 Canada (British Columbig) 2
L. setchdlii 23 585 0.1 0.185 <05 <05 <10 367 131 <0.01 223  Cenada(British Columbia) 2
L. japonica 89 29 0.02 0.449 1 <05 80 6.79 <0.05 0.22 13 Japan 2
L. longicruris 60 153 0.24 147 28 308 9.7 1.36 040 312  Canada(St. Lawrence River) 3
Laminarides(THA vH5-)  Alariaceae(] & )
Alaria esculenta 59310 20-100 08579 019059 06412 11-24 52450 3622 05619 0074055 7.0-28 1
A. marginata 7.3 395 045 0.15 <05 <05 60 3.79 151 064 236  Canada(British Columbia) 2
Undariapinnatifida  1.9-30 2055 051-0.71 0.026-0.098 0.7-08 <0511 2040 3365 <005 014024 1314 Jgoan 2
U. pinnatifida 4793 <01 05 1030 152-190 11-13 0540 30163 Itdy(Venicelagoon)* 4
Desmaresides(At 2 #)  Desmarestiaceae(2H 231
Desmarediaaculeata 33-940 21-59 016-15 02314 05624 07040 1201100 58130 09492 0080-16 1038 1
Desmarestia p. 0.20-0.68 2843 19.27  Antarctica(King Georgels) 5
Desmaretia p. 0.27-041 0.76-1.8 1518  Antarctica(King Anversels) 5
Desmaredtia anceps 29 10 155 325 4.05 108 20 8.6 <0.6 <0.1 Antarctica(King Georgels) 6
Desmaredtia antartica 53 <0.10 300 27 <0.20 35 15 18 <0.6 6.3 Antarctica (King Georgels.) 6
Fucdles( = AHH5)  Fucacese(54-713})
Fucus digtichus 2530 0912 2534 295660 06-1.0 27-138 Arctic(lead/zinc ore deposit) 7
F. vesculosus 0.22-0.45 0318 4894 65616 276778 0307 0311 1318 UK 8
2010 3050 2351 3001200 91490 3071 36-12 511-1015 UK* 8

References. 1. this study; 2: Netten et al. (2000); 3: Phaneuf et al. (1999); 4. Cdliceti et al. (2002); 5: Moreno et al. (1997); 6: Farias et al. (2002); 7: Bohn (1979); 8: Giugti (2001).
*indicates locdlities likely polluted.
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AFEoE dy F8¥o]gto 1} (see Rainbow 1995 for
review; Topcuoglu et al. 2003), &WF¥ O & Z+ZFI} =
2 20 HE) sleFe] F50)S U & T53e
Ao 7 dHA Jdrh(Sanchez-Rodriguez et al. 2001). 2%
FE GG HE P AFFOE o§sh= 212 1970
Gl fFolld AR, ©]%- Fucus spp., Sargassum
p., Laminaria spp., Desmarestia spp. 52 4%F &+
F5 ol sl rfielA, 2, SARe] ol2= v
&3t A HoflA BIE S THBohn 1979; Markham et al.
1980; Bryan 1983; Forsberg et al. 1988; Moreno et al.
1997; Farias et al. 2002; Khristoforova and Kozhenkova
2002).

B3} opE 3ol A= Fucus sppt AXFOZE 9]
2% 1} 9J32(Bohn 1979; Forsberg et al. 1988) H=tol|A]
£ Desmarestia spp., Adenocystis spp.5-¢] =54 F39
3t o B327t e (Moreno et al. 1997; Farias et al.
2002). Bryan(1983)< Fucus vesiculosus’} A &Eo]& 715
gt Je| = ol EAlsk= As Cd, Cu, Po, Znd] T&5
nhd et A ek A BFoletar Bargh v ok, & A
Fol M= 7 A bl Fucus digtichus’| o] &
Ak 9o, FH] FRA =] 2Aske] Aol A
kit

xFol T Ta5 w5 a5 85H] U=
FTos5 Tk AdAe kst TR dlxedM &
3] ZzFolA Bol Bal Ha2 = $HA (Markham et al.
1980; Bryan 1983; Forsberg et al. 1988 for review), A=
o]-§ 7hsdt 824 Tl gk YAl FEEol
3l = BAHA (thalli) A1 ZH (cel wall)ell 2e]& o= Ry
o FxF AW FHEx & 9IS FE BrE U=
RAoZ BAFEI 9tHLuoma et al. 1982; Filho et al.
1999; Nassar et al. 2003). Luoma et al.(1982)= Fucus
vesiculosusfll Al =33 Cu, As, P, Zn, Ag®] 57} A
A2 HAEHES] FEE et FolF AT A
< sk, ol¢t e A HE 2 A= YA
<ol gjzfol 4 FREC] UEehd AAEA o]
NxzFrL e Foll AEolg 7Hsd 559 F
sle A FFOEE AP &S T US4
19Tt F vesiculosusel A21%] B A& FE4 e
] o3t A= FHol: B vl JoH(Giud
2001). Nassar et al.(2003)%= #3347} s oo
o|A] Al, Fe, Mn and Cr 5°] #3234 v F28
719} A 2221 Padina gymnospora §-3A ol geEo]
olF FTuEY AWESH vEE 7 W ASAIH T B
A=
2 Aol e Featole o] Fol met xjo]
g Bolou, ¥FHoR Al Fe, Mne= AR &7

B

oy o

2 M o o
> gy

i o

of

{

ol

()

9 & thaA HLlelA A Jeha, 83§45
| B& St CollA] olE gk xfol 7t L FEd A= A
ke o AR sHE othdA 9lol ol HAE
WA=l ¥ @Wol FafEe] yehd A= Aztdn o)
E Az, 53 «dE GAV 7] FiEde 9
50| ¢ ol ¥3hd yHsAol i, mEbA 3
F5 AEolE /it SEEEFE WeE gulEA vk
Spa & 5= gle Aol 3 Cde) G- g4 H
dFFo] 7P A2 Ae= AJzkEl= Kongsfjordenst 9+
o] = St BollA 7H =& AYS Blo, o9} 72
AdEE D. aculeatadlA] 718 F=#|R)A Vel L
saccharinag} A. esculentadll A E £3] o]dl Aol Cd
o] F=TF Fos okt ol oY A AL @l
= SaHAUE CdoleS &5 FF37] Wi o=
A z+E ). Markham et al.(1980)= L. saccharina®] Cd &
E7F AddAsare] Fest vk o2 AX|jaL BAEk]
th & ol& &7t sl T A=elE 7hse FEE EA)
e CdY =5 & Wit & 4 gt

—

58 ¢

<)

ﬂF

e

2377 T = = ’LET}B]‘% E—gi
oh PR Uro] B8 Al 7 |2/ (L. saccharing,
L. digitata, A. esculenta)llX= Al, Fe 59 T=7F §4
T SAEAEC] Bol FYUEE SGoA HEeRE
=4O, A7 FFo 2 QA% TEE T2 AR &
ATt

l) 4%_9] 7Vz=2 o= %‘%L_/}\_Q XL%:

N

2) ThaA 39191 2719} 7)ol YA FHE0] A4
ok RAEE Qo Ak, od A% dx2F7t A4
Zo] AEolR TV5d ALl FEE wdsle AXFO
28 A3 B 5 AL AT od Rys
olg3 W7he] FEMSE wgeks AL TFse Ao

2 Holr}
3 TEHS Bl & F5dlaL A= AAVE &0l
slal A A o] Fevt vlad 2 v ok HollA
oJ
|

Laminaria spp.2} Alaria esculentaZ} ©] A

o] AT A FATY PH FADT LN eyl
£ HITPIA S A6e 0 AR 9o o
Bo2 o Fol AT FLAY S AT BT Aok =
23 M, I3 AN AMNE ST AR
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