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Abstract : Concentrations of Al, As, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, Zn were determined in four arctic
brown algae (Laminaria saccharina, L. digitata, Alaria esculenta, Desmarestia aculeata) in an attempt to
examine for their metal accumulation capacity and also to assess their contamination levels. Macroalgae
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. Metal 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 spatial variation. There were also significant concentration differences between the young and
old tissue parts in L. saccharina, L. digitata and A. esculenta. While Al, Fe, Mn, Pb were higher in the
perennial 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 analyzed. Added
to this, the results of the present studies suggest the potential utility of L. saccharina, L. digitata and A.
esculenta as biomonitors for metal pollution monitoring in this area.
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�, ����� ��� �������� � ��, � �

� ����� ���� ���� �� �������

������ ����, ��� �� ��� �� ���

���� �� �� ���� �� �� �� �����

���� ���� �� ���(AMAP 2002). Svalbard

�� �� Ny-Ålesund� ��� �� ���� ���

����� �	 ��� ����� ��� ����

��. 

�� �� ����� �� ��� �� �����,

������� �� ���� ����� ����� �

� ������, ���� ��
��� ���� ��

�� ���� PCBs, ��� ��� �� ��� �� �

� ���� ��. �� ����� ���� �� ���

�� ��� ���� ���, ����� ��, ����

����, ���� �� ����, 	� ����� ��

� �� �� ���� ���� �� �� �� �� �

�� ��� ����(AMAP 2002). �� ���� ��

���� Kongfjorden� ��
 ����(Marine birds)

�� ���� ����� ���� ��� �, ����

� ���� ��� �� �� ��� � ��� ���

��� �� ��� �� �� �� ���, Kongsfjorden

��� �� ��� ���� �� ��� ��� � �

�(Hop et al. 2001). 

� ��� ���� �� ��� Kongsfjorden�� �

������ ��� ���� ���� 
� ��� 

��� ����� � ��� �� ���� ��� ��

� ��	��(Laminaria saccharina, L. digitata, Alaria

esculenta, Desmarestia aculeata)� ���� ��� ��

��� �����. ��	��� �� 20 m ��� 	�

� �� ����, ��� � ������ green sea

urchin(Strongylocentrotus droebachiensis)� � ���

���� ��. 

2. �� �� � ��� ��

Kongsfjorden�� ���� �� �����
� ��

�
� 
�� �� ��� ����� ����. 79oN,

12oE� �
� ����� ���� ��� ���� �

�� ���� �
�� �� �
� �� �� ����

(Svendsen et al. 2002). ������� ����� ��

��� ��� ��� ��� ��� ��� ���, 	

�� ������ ���� ��
 ��� �� �� �

���, �� ������� ���� ��� �� 	�

�� ��� ��� ��(Hop et al. 2002). �� Kongs-

fjorden� ��� ��� ������ Hop et al. (2002)


 Svendsen et al.(2002)� � ���� ��. 

3. �� � ��
 

���� Kongsfjorden 3� ���� 2003� 7� 28

�� 8� 6 ��� �� �����(Fig. 1). ����

���� � ���� 1995� ��� ����, ���

�� �� ��� � ��� ��� ��� ��� ��

�� ����(Hop et al. 2002)
 ����(Svendsen et

al. 2002)� �����. St. A� ����� ��� �	

�� � ��� ����, St. B� Fig. 2� ��� ��

���� ���(Svendsen et al. 2002; Kang et al. 2003)

�	�� ��� �� 
� �� ��, ���� �� �

�� � ��� ���� ���� �
� ����� �

�� �� � ��� ��� ������ ����

�. 	�
�� St. C� �	�� ���� �� ���

��� Sts. A
 B� �� �� �� �� �	�
 ��

����� ��� �� ���� ��� ���� ��

� ���� ��� �� ��� ��� �����.

��� �� 5-15 m 	�� �� ���� ��� ��

� ��	��(Laminaria saccharina, L. digitata, Alaria

esculenta, Desmarestia aculeata)� ���� ��� ��

��� �����. Laminaria saccharina, L. digitata,

Alaria esculenta� �		(meristematic region)
 20-30

cm ��� ��� �� ���(blades)
 �		 �� �

��(stipe)� ��� ��� �
(����)� ��� �

����. D. aculeata� ��� ��� �� ��
 ��

�� �� �����. ��� �� ��� �
��� �

�� ����� ����� ��� ��� �� ���

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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��. ��, D. aculeata� ��� ���� ��� ��

�� ����� ��� ��	 � ��. ����� �

�� ��� 50oC ������ 48�� �� �� � �

��� �
�	 �� �����	 ����� �� �

0.2-0.3 g �� ��	 �����. ��� ���� Ahn

et al.(2002)� ��� ��� ����, ��� ��� �

������� ICP/MS(Perkin Elmer, Elan 6100)� �

����. ����� Sea lettuce(CRM 279, Community

Bureau of Reference, BCR, Belgium)� �����(Table

1). �
�, ��� �� ��� ANOVA(General linear

model), Kruskal-Wallis test �� �����. ��
��

�� Minitab 13� �����.

4. �� � ��

������
 
����

 
����

Figs. 3, 4
 5� Laminaria saccharina, L. digitata,

Alaria esculenta� �		 �� �
��� ��� ��

��� �	�� ��. �		 
 �� ���
 �		

�� ���� ��� ��� �
��� ��� ���

��� ��� ���. L. saccharina� �� Al, Mn� �

		 ���� ��� ����(p<0.001 for Al, p<0.01

for Mn), Fe� ��� ��� �� ��(p=0.09), Cd, Cu,

Co, As� �		 ���� �� ��� ���(p<0.05

for Cd, p<0.001 for Cu, p<0.001 for Co, p<0.01 for As).

Pb, Zn, Cr� Ni� ��� ��� ��� ���. A.

esculenta� �� Al, Fe, Mn, Pb, Ni� �		 ����

(p<0.001 for Al, Fe, Pb, p<0.01 for Mn, p<0.05 for Ni),

Cd(p<0.05)� As(p<0.05)� �		 ���� �� ��

��� ����. Zn, Cu, Co
 Cr� ��� ��� ��

� ���. �� L. digitata��� ����� ��� �

�� ���� ���	 �� �� �� �� 	�� �

�� ���. �� Al� �� �		 ���� �� �

�� ����(p=0.07), �� St. A
 St. C�� �		 �

��� ���� �� ��� ���.

�
 �� �
� ����� ��� �� �� ���

����, 	���� Al, Fe, Mn� �		 ���� Cd

� As� �		 ����, ��� Zn, Cr� �
� ��

��� � ��� ����.

Fig. 2. Spatial distribution of suface water temperature
(oC) (a) and salinity (psu) (b) in Kongsfjorden in
summer (from Kang et al. 2003).

Table 1. Analytical results of metal concentrations (µg ·
g−1 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
Measured 

(n=4)
% 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 (15.9 ±0.4) 15.14 ±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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����������
 
����

 
����

L. saccharina��� ���� ��� �� Al, Pb, Cd,

Zn, Cu, Co, Ni� St. C�� �	 ���, Fe, Mn, Cr, As

� ��� ��(Fig. 3). L. digitata� Al� Ni� ���

�� �� ��� ��� �� ��� ���� ���	

(Fig. 4), �� �� �� �� 	�� ��� ���. Al

� Sts. A
 C��� ��� St. B�� ����(p<0.05),

Ni� ���� ��� St. B�� �	 �� St. A�� �

	 ���(p<0.05). A. esculenta� Al, Fe� Pb� ���

� St. C��� ��� St. B��� ���� ��� �	

�� ��� ��� ��(Fig. 5). Desmarestia aculeata

��� Cd� ��� �� ���� St. C�� �	 ��

�, � ��� �� St. B�� �	 ���(Fig. 6). St. A

�� ��� ��� ��� ��� St. C ��� ���

����� ���� ����� ��� ��� ���

���	 �� �� �� 	�� ��� ����.

	���� Al� � ��� 	� ���� St. C��

�	 ����, � ��� Cd� As� ��� ���� �

� �� Fe, Mn, Pb �� ��� St. C�� ��� ��

�� ���� �	 ���(Figs. 3, 4, 5
 6). St. C� �

Fig. 3. Comparisons of metal concentrations (µg · g−1 dry weight) of Laminaria saccharina between the young (I) and
the old (II) 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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�� ��� �� � �� �� �� �� ��� � 	,

�	�� �	 �� ���� ��� �	�
 �� ��

��� ��� �� ���� ��� ����. ��� �

��� � �� ��� �	�� �� ��� �
��

�����. ��� ���� ��	� ��� Al, Fe,

Mn �� ��� �� ��� ��� ���. ����

� �� �� ������� ��� �	�� ��� �

� Al, Fe, Mn, Pb, Cu �� ����� ������ �

� ���� ���� ��
 ���� � ����� �

���� ��� �� ��� ��	�(Ahn et al. in

press). 

��, ���� ���� St. B�� ����� �� �

�� �� ��, Cd� ��� St. B�� ����� ��

� �� ��� ��	�. �� L. digitata
 D. aculeata

� Cd ��� �� � ��� �� ���	 �� �	�

� ��� �� St. B�� ���� ��� (bioavailable)

�� Cd� ��� �� �� ��� �� �� ��� �

���� ��� ��� ����. ��� ��� ���

������ ���� ��� ������ ��� Cd

��(<0.01 µg�l−1, unpublished)� ���� �����

Cd ��(0.07-0.1 µg�l−1) �� �� �� ��� ���

� ��(KORDI 2002, 2003).

Fig. 4. Comparisons of metal concentrations (µg · g−1 dry weight) of Laminaria digitata between the young (I) and the
old (II) tissue parts at three sampling stations. Mean ± 1 standard error bars are represented.
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����
 
��������

Fig. 7� Sts. A, B, C� �� 	�� ���� ��

��� �����. Cd� As� ��� �� ��� �

�� Desmarestia aculeata�� �
 ����, ����

Alaria esculenta��. Laminaria saccharina� L. digitata�

�
 �� ��� ���� �� ��� �� ����.

Laminaria spp.� �� � �� ���� �� ����

��� ��� �� ��� �(surface/volume ratio)�

�� �� ��� ��� ��� ��� � ��� ��

� ����. �� D. aculeata� ��(filamentous)� �

�� �� ��� ��� ��� ���� ��� � �

� ��� �� ����� �� �� ��� �
 �

�� ��� � ��� ��� ����. Cd� As� �	


�� D. aculeata�� ��� �
 ���� ��� �

�� ��� � ��� ��. 

��, D. aculeata�� ����� ���� �� ��

��� ��� ��� � ��, ��� ��� �� ��

���� �� �	�� �����. ��� ��� ��

� ��� D. aculeata�� ���� ��� ��	� �

���� ����� ��� ���� � ��� D.

Fig. 5. Comparisons of metal concentrations (µg · g−1  dry weight) of Alaria esculenta between the young (I) and the old
(II) tissue parts at three sampling stations. Mean ± 1 standard error bars are represented. Statistical signifi-
cance: *, p<0.05; **, 0.01<p<0.05; ***, p<0.001.
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aculeata� ����� ���� �� ��� �� ���

���. ��� ��� A. esculenta� ����� ��

� Laminaria spp.��� ��� �� 	� ��� �	

���� ��� � �� ���� �� �, ��� ��

� �� � ���� ��� ����. ���� ���

� ���� ����� ��� ���� �� ��� �

�� ��� � ����� ��� L. saccharina, L.

digitata, ��� A. esculenta� ��� ����� ��

��.

����
 
����

 
����������

 
����

 
����

Table 2�� � ���� ��� Laminaria saccharina,

L. digitata, Alaria esculenta, Desmarestia aculeata� �

�� ��� �� ��� ��� ��� ��� ���

��� �����. L. saccharina, L. digitata� �	 �

� ���� �� �� Laminaria spp.�� ��� �

� ��� ������, �� �
 ��� �� �� �

��.

A. esculenta� �	�� ���� ��� ��� ��

�� Alaria sp.� 	� ��� ��� Undaria

pinnatifida� ��� �����. �� Al� Fe� �	 �


� ���� �� ��� ����, �� St. C�� �

��
 �� ��� ���. �� Sts. B� C� �� ��

�� Cd� ��� 6-7 µg�g−1dry weight ��� 
��

��� Fucus vesiculosus�� ��� ��� ��� �

���. ��� ���� ����� Cd ��� <3 µg�

g−1dry weight���, 
�� �
 �� ��� ��� �

��� St. A��� 1.76 µg�g−1dry weight� �� �


Fig. 6. Comparisons of metal concentrations (µg · g−1 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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��� ��� ��, ��� 
��� �� ��� ���

	��. L. saccharina, L. digitata, D. aculeata� �	�

� St. A�� 
�� Cd ��� ��� �� �� ��

� ���� ����. �� 
� ���� �� ���

� ������ ���� ���� �� ��� ���

� ��� �� Cd� ��� ��	��� ���� Cd

��� ��� �� ��� �
� �� 	�� ����.

D. aculeata� �	 � ����� �
 �� ���

�� ���� �� �� Desmarestia spp.� ��� �

Fe� Mn� ��� �� St. C�� ���. St. C� 
�

��� �� 	� ���� �
 �� ���� ���

���� 	� �� ��� ������ �� ����

���. Al, Fe� � ��� �� ���� St. C�� �


 �
 ����, � � ���� ��� St. C�� �


��� ��� ��� 	� ��� �� Al, Fe, Mn ��

���� ���� �	� ���� ������ 	�

���� ���� ��� ����. 

����������������
 
��������������

 
������

���� �� ��� ��� ��� ���� ���

��	��� ���� ��� ��� ��� ����

���� ��� ���� ��� ���(biomonitor)�

� ��	 ��. ���(Ulva spp., Enteromorpha spp.),

���(Fucus spp., Sargassum spp.), ��� ��� ��

Fig. 7. Comparisons of metal concentrations (µg · g−1 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: µg · g−1 dry weight.

Al As Cd Co Cr Cu Fe Mn Ni Pb Zn Localities References

Laminariales(����) Laminariaceae (����)

Laminaria saccharina 2.2-43 33-87 0.96-3.6 0.086-0.29 0.53-1.0 0.35-1.5 35-86 1.9-5.2 0.30-0.58 0.035-0.15 2.9-13 1

L. digitata 2.4-20 40-100 0.17-0.89 0.090-0.34 0.56-0.92 0.57-1.9 36-55 1.6-4.1 0.32-0.63 0.041-0.068 6.1-15 1

L. saccharina 7 76.2 2.8 0.084 <0.5 <0.5 40 3.04 0.57 <0.01 8.5 Canada (British Columbia) 2

L. setchellii 2.3 58.5 0.1 0.185 <0.5 <0.5 <10 3.67 1.31 <0.01 22.3 Canada (British Columbia) 2

L. japonica 8.9 29 0.02 0.449 1 <0.5 80 6.79 <0.05 0.22 13 Japan 2

L. longicruris 60 1.53 0.24 1.47 2.8 308 9.7 1.36 0.40 31.2 Canada (St. Lawrence River) 3

Laminariales(����) Alariaceae(���)

Alaria esculenta 5.9-310 20-100 0.85-7.9 0.19-0.59 0.64-1.2 1.1-2.4 52-450 3.6-22 0.56-1.9 0.074-0.55 7.0-28 1

A. marginata 7.3 39.5 0.45 0.15 <0.5 <0.5 60 3.79 1.51 0.64 23.6 Canada (British Columbia) 2

Undaria pinnatifida 1.9-3.0 20-55 0.51-0.71 0.026-0.098 0.7-0.8 <0.5-1.1 20-40 3.3-6.5 <0.05 0.14-0.24 13-14 Japan 2

U. pinnatifida 47-93 <0.1 0.5 1.0-3.0 152-190 1.1-1.3 0.5-4.0 30-163 Italy(Venice lagoon)* 4

Desmarestiales(���) Desmarestiaceae(���)

Desmarestia aculeata 33-940 21-59 0.16-1.5 0.23-1.4 0.56-2.4 0.70-4.0 120-1100 5.8-130 0.94-9.2 0.080-1.6 10-38 1

Desmarestia sp. 0.20-0.68 2.8-4.3 19.27 Antarctica (King George Is.) 5

Desmarestia sp. 0.27-0.41 0.76-1.8 15-18 Antarctica (King Anverse Is.) 5

Desmarestia anceps 29 1.0 155 3.25 4.05 108 2.0 8.6 <0.6 <0.1 Antarctica (King George Is.) 6

Desmarestia antartica 53 <0.10 300 2.7 <0.20 35 1.5 1.8 <0.6 6.3 Antarctica (King George Is.) 6

Fucales(����) Fucaceae(����)

Fucus distichus 25-30 0.9-1.2 2.5-3.4 295-660 0.6-1.0 27-138 Arctic (lead/zinc ore deposit) 7

F. vesiculosus 0.22-0.45 0.3-1.8 4.8-9.4 65-616 276-778 0.3-0.7 0.3-1.1 13-18 UK 8

2.0-10 3.0-5.0 23-51 300-1200 91-490 3.0-71 3.6-12 511-1015 UK* 8

References: 1: this study; 2: Netten et al. (2000); 3: Phaneuf et al. (1999); 4: Caliceti et al. (2002); 5: Moreno et al. (1997); 6: Farias et al. (2002); 7: Bohn (1979); 8: Giusti (2001). 
*indicates localities likely polluted.
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����� �� �������(see Rainbow 1995 for

review; Topcuo lu et al. 2003), ����� ���� �

�� ��� �� ���� ����� � � ����

��� ��� ��(Sánchez-Rodríguez et al. 2001). ��

�� ��������� ����� ���� �� 1970

�� 	��� �
����, �� Fucus spp., Sargassum

spp., Laminaria spp., Desmarestia spp. �� ��� ��

� �� ��� �� ����, ��, ���� ��� �

�� ���� �����(Bohn 1979; Markham et al.

1980; Bryan 1983; Forsberg et al. 1988; Moreno et al.

1997; Farias et al. 2002; Khristoforova and Kozhenkova

2002). 

��� �������� Fucus spp.� ����� �

�� � ��(Bohn 1979; Forsberg et al. 1988) ����

� Desmarestia spp., Adenocystis spp.�� ��� ���

�� �� ��� ��(Moreno et al. 1997; Farias et al.

2002). Bryan(1983)� Fucus vesiculosus� ���� ��

� ��� ��� ���� As, Cd, Cu, Pb, Zn� ���

�	�� ��� ������ ��� � ��. � ���

���� ��� �� ��� Fucus distichus� �� �

��� ���, ��� ����� ���
 ���� �

����.

���� ��� ��� �� ��� ���� ��

��� ��� ����� ��� ��� ���� �

� ����� �� �� �� �� �� (Markham et al.

1980; Bryan 1983; Forsberg et al. 1988 for review), ��

�� ��� ��� ���� ��� ��� ����

�����(thalli) ���(cell wall)� ����� ���

� ��� �� ����� � 	�� �� ��� ��

��� ���� ��(Luoma et al. 1982; Filho et al.

1999; Nassar et al. 2003). Luoma et al.(1982)� Fucus

vesiculosus�� ��� Cu, As, Pb, Zn, Ag� ��� �

�� ������ ��� �� 	�� ����� �

�� ����, � �� 	�� ���� �� ��

���� ���� ��� ���� ��� 	��� �

� �� ���� �� �� ���� ��� ��� �

�� �	�� ������ ���� �� � ��� �

����. F. vesiculosus ��� ���� ��� ��

�� 	�� ����� ���� ��� � ��(Giusti

2001). Nassar et al.(2003)� ������ 	��� ��

�� Al, Fe, Mn and Cr �� ����� ��� ���

� �� ��� Padina gymnospora ���� ����

�� ���� ���� ��� � � ������ ��

�� ��. 

� ���� ��� ����� ��� �� �� ��

� ����, ����� Al, Fe, Mn� ��	�� ��

�� � ��� ���� �
 ����, �� ��� 	

��� �� St. C�� ��� ��� �� ����� �

�� ��� � ��	 �� ��� ��� �� ���

��� � �� ���� ��� 	�� ����. ��

�� �� ���, �� ��� ��� �� ���� �

� ���� � �� ��� ���� ��, ��� �

�� ���� ��� ����� 	�� ���
 �	

��� � � 	� ���. �� Cd� �� ���� 	

��� �� �� ��� ���� Kongsfjorden� ��

� �� St. B�� �� �� ��� ����, � ��

��� D. aculeata�� �� ����
 ����. L.

saccharina A. esculenta��� �� �� ���� Cd

� ��� 	��
 �
�. �� �� ��� �� ��

� ������ Cd��� �� ���� ��� ���

����. Markham et al.(1980)� L. saccharina� Cd �

�� ����� �� ����� ����� ����

�. � �� ��� �� � ���� ��� ��� ��

�� Cd� ��� � �	��� � � ���.

5. �  �

1) 4�� ��� �� ���� � ���� ��� ��

�. ���� ��� ��� � �� ���(L. saccharina,

L. digitata, A. esculenta)��� Al, Fe �� ��� ��

� ������ �� 	��� ���� �����

�
��, �� ���� �� ��� ��� ���� �


�.

2) ��� ��� �� ���� �� ���� �

�� ���� ��� ����, �� �� ���� ��

�� ���� ��� ��� ��� �	�� ����

�� ���� �� � ��� �����. �� ���

��� ���� ��	�� �	�� �� ��� ��

� ���.

3) ���� �� � ���� ����� �� ��

�� �� ��� ��� ��� � �	��� 	��

Laminaria spp. Alaria esculenta� � �� ��� ��

����� ��� ����� ��� � �� ��� �

���. 

�  �

� ��� ������� �� ������� �	�

� ‘������ �	 ��� 
 ��� ��’� �

��� �	�
�. ����� ��� ��� � �

�� �, ��� ��� ��� ��� ��� ���

�����.
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