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Abstract

Concentrations of cadmium, copper, iron, lead, manganese, nickel and zinc were investi-
gated in two species of mussel from the Kuril Islands in the north-western Pacific Ocean: the
short-lived mussel Mytilus trossulus and the much larger and longer-lived Crenomytilus
grayanus. The concentrations of most elements were low, and these reported levels are
believed to reflect background values for pristine locations. However, both iron and zinc
concentrations were elevated in some samples taken from areas of hydrothermal vent activity,
and these are believed to reflect the enrichment of the two metals in solution at such sites.
Furthermore, the concentrations of cadmium were unusually elevated in both species of
mussel, especially in the longer-lived C. grayanus. The high accumulation of cadmium in
mussels from the Kuril Islands is believed to reflect regional upwelling, but it is also postu-
lated that filtration rates of the mussels are high due to low levels of suspended matter, and
this leads to a high assimilation efficiency for cadmium. The distribution of cadmium amongst
the tissues of C. grayanus is also reported, and the need for further ecotoxicological studies in
the area is proposed. © 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

The use of bivalve molluscs to monitor metals and other trace contaminants in
aquatic ecosystems has become widespread, and is embodied by the Mussel Watch
concept (Farrington, Goldberg, Risebrough, Martin, & Bowen, 1983; Goldberg,
1986; O’Connor, 1996; Cantillo, 1998). Mussels of the family Mytilidae have been
particularly frequently used in this fashion, and many of the factors affecting metal
bioaccumulation in these species have been identified (e.g. Phillips, 1977; Phillips &
Rainbow, 1993; Wang, Fisher, & Luoma, 1995).

Investigations of metal levels in mussels and other bivalve species from pristine
environments are useful, as these provide data on the background concentrations of
trace elements in areas which are not impacted by anthropogenic activities (Beliaeff,
O’Connor, & Claisse, 1998). The Kuril Islands in the north-western Pacific Ocean
offer one example of such pristine conditions because limited human population is
presented at the Paramushir, Iturup, Kunashir, and Shikotan Islands, only. The
possible anthropogenic influence on the coastal waters is very local. Such localities
are not discussed in this paper. At the same time, natural factors are present in this
region which may affect the availability of metals. The recent volcanic activity is a
main natural feature of the Kuril Islands. Numerous shoreline and undersea vents
and seepings can provide additional metal inputs to the coastal waters of Shiashko-
tan, Ushishir and Kunashir Islands in the vicinity of sampling sites. The local
upwellings due to Okhotsk sea water currents divergence by steep slopes of islands
are able to influence on the metal concentrations in the coastal waters, too. The
distinct upwellings were observed at the west side of northern and southern Islands
(Chernyavsky, Bobrov, & Afanasyev, 1981). This paper describes metal levels in two
species from the Kuril Islands: the relatively short-lived mussel Mytilus trossulus (an
analogue to Mytilus edulis, Mytilus galloprovincialis, Mytilus californianus), and the
larger and much longer-lived Crenomytilus grayanus.

2. Materials and methods

M. trossulus of shell length 20-25 mm and age estimated at 3—4 years were col-
lected in the littoral zone of the Kuril Islands, at the locations shown in Fig. 1.
Moreover M. trossulus was discovered and collected in the sub-littoral zone of
Atlasov Island. The sampling was carried out in August 1985 and 1989 at the similar
hydrometeorological conditions during the cruises of R/V “Berill”. The sample col-
lected at each location consisted of about 100 individuals. These were separated into
five pools of 15-20 individual mussels, and the five pools were analysed individually.
The much larger (100-120 mm shell length) C. grayanus were taken in the sub-
littoral zone of Iturup and Shikotan Islands in the south of the Kuril group in August
1989. These mussels are believed to be of significant age (about 50 years) and are not
found further north in the Kuril Islands. The samples of C. grayanus consisted of
five individuals were analysed separately. Another five individuals from the same
place were dissected by the organs: muscle, gonads, mantle, gills, digestive gland and
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kidney. The organs from each mollusk were analysed individually. The littoral
mussels were sampled from the shoreline, and sublittoral ones — by the divers.

All mollusks were washed and depurated after collection during 48 h in the water
from the sampling location. After depuration, the whole soft tissues were excised
from the shells, dissected if needed, rinsed in distilled water and dried at 80°C. The
samples were then homogenised in agate mortar and digested in supra pure nitric
acid. The metal concentrations present were determined by atomic absorption spec-
trophotometry, using a Hitachi 180-70 instrument. The accuracy and precision of
the method used were ascertained by regular analysis of Standard Reference Mate-
rial SRM-1566a (oyster tissue, the National Bureau of Standards, USA).

3. Results and discussion

The analytical data for the Standard Reference Material are shown in Table 1.
The metal concentrations recorded were within 3—11% of the certified values.

The concentrations of most of the metals investigated in each species were unre-
markable (Tables 2 and 3), and the data reported here are generally similar to those
of Khristoforova. Shulkin, Kavun and Chernova, (1994) for the same two species of
mussel from Peter the Great Bay in the Sea of Japan. Inter-species differences were
not particularly extreme, although there was a tendency for M. trossulus to accu-
mulate rather greater amounts than C. grayanus of the essential elements, n parti-
cular.

The observed concentrations of certain of the elements varied little between the
locations studied. This was the case for copper, lead, manganese and nickel, all of
which exhibited coefficients of variation between sites of less than 0.25. The absolute
concentrations of these elements were low, reflecting the pristine nature of the sam-
pling locations.

By contrast, the concentrations of iron found in M. trossulus varied over a greater
range, from 69£10 pg/g dry weight for one sample from Atlasova Island to 593440
pg/g dry weight in the mussels from Shiashkotan Island (Table 2). The higher values
appeared to be correlated to the areas of known hydrothermal vent activity (Kavun
& Khristoforova, 1991), which is known to be associated with elevated levels of iron
in solution — up to 150 pg/l in seeping and up to 10 pg/l in adjacent sea water
(Shulkin, 1995). The samples influenced by such activity were those at Shiashkotan,
Ushishir and Kunashir Islands. Iron concentrations are significantly higher in the
soft tissues of M. trossulus from these stations.

Table |
Concentrations of metals found in Standard Reference Material SEM 1566a (oyster tissue) from the
National Bureau of Standards, USA (all data as means =+ standard deviations, in pg/g dry wt.)

Value Cadmium Copper  Iron Lead Manganese  Nickel Zine

Certified 415+ 038 o66x4 54020 037001 123+£13 225+ 044 B30 £ 57
Observed 460+ 0.15 682 530+£15 036+003 124£18 280+ 0.20 BI5 + 87







