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Heavy metal discharges to the marine environment are of great concern all over
the world. Both essential (e.g., Fe, Zn, Cu) and non essentia (e.g., Hg, Cd, Pb)
metals are toxic to living organisms when subjected to high concentrations
(Underwood and Mertz 1987). Many heavy metals accumulate in organisms and
some also accumulate in the food chain (Ruiter 1995). The anthropogenic heavy
metal outlets can in this way both reduce marine species diversity and ecosystems.
Further, by consuming seafood, humans will be exposed to the metals with a
potential danger to human health.

Goldberg (1975) proposed to use marine mussels to monitor contamination levels
of coastal waters. Since then marine mussels, especialy the blue mussel (Mytilus
edulis), has been used widely as a surveillance organism (Claisse 1989; Cossa
1988). The blue mussel is regarded a suitable species for this purpose because it
accumulates metals, is sessile, has a relatively long life span, is large enough for
individual analysis, can tolerate a relatively wide range of temperature and salinity
regimes (Phillips 1977), and can also synthesize the metal-binding protein,
metallothionein, for metal detoxification (Kéhler and Riisgard 1982).
Furthermore, the blue mussel is a popular and tasteful food source and is suitable
for culturing. The world-wide annual yield of mussels during the period 1988 to
1992 was about 1.3 million tons, of which about 0.5 million tons was Mytulis
edulis. In Norway, the annual production was 77 tons in 1990 (FAO 1994). The
interest of culturing mussels has increased in recent years, but the consumption of
mussels has been hampered both by toxic algae and high levels of heavy metals.
The latter is of specia concern to those close to urban or industrial areas.

The Bergen Harbor area (Byfjorden, Western Norway) is highly urbanized and has
several industrial plants that discharge waste directly to the fjord. There is aso
heavy loading of municipal and industrial sewage to this area. It has been
estimated that 9 tons of the heavy metals Zn, Cu, Pb, Hg and Cd were discharged
from several smal outlets to the southern part of Byfjord in 1992 Investigations
have revealed that the sediments in the area are loaded with very high meta
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levels (Skei et a. 1994). Even though the fjord is deep (350 m) it is a rather closed
water system with limited water exchange, connected to the coastal water by
several narrow sounds.

The present study was conducted to investigate whether blue mussels in the
Bergen Harbor area were contaminated with the heavy metals Zn, Cu, Pb, Cd and
Hg, thereby evaluating whether the mussels could be used for human
consumption.

MATERIALS AND METHODS

Blue mussels were collected the 8th, 9th, and 16th of March 1993 from 19 stations
in the inner Byfjorden (Fig. 1), and one station in Galteneset (Station 20), an
assumed less affected area in Herdlefjorden. About 100 mussels were collected
approximately 50 cm below sea level during low tide at each station. After
sampling, the mussels were put into plastic bags and transferred to the laboratory
where they were stored at - 20 °C until dissection. Three pooled samples of 17
mussels each were prepared from each station. The mussels, ranging from 40 - 55
cm, were picked out randomly from the total. Soft tissues were removed from the
shells, washed in digtilled deionized water, and dried in air for about one hour and
pooled. The pooled samples were oven dried (Termax) at 90 °C to constant
weight and homogenized to a powder. The mean weight and dry matter percentage
for each sample were calculated.

Two ml HNO,and 0.5 ml H,0O,were added each to 0.2 g dry sample. This
mixture was then digested in a microwave oven (Milestone mis 1200) for 20 min.
The samples were diluted with nanopure water to 25 ml. Standard Reference
Materials (SRMs) and blanks were also prepared for anaysis. The 25 ml were
divided in three parts. 10 ml for Cu and Zn analysis, 5 ml for Pb and Cd anaysis
and 10 ml for Hg analysis, to which 10 ml KMnO,.was added. Zinc and Cu
concentrations were measured by flame atomic absorption (Perkin Elmer 3300)
Hg by cold vapour atomic absorption (Perkin Elmer Mercury Anaysis System)
and Pb and Cd by ICP/MS (Perkin Elmer Elan 5000A). For analytical quality
control the following SRMs were used: Oyster Tissue from National Bureau of
Standards and Technology (Gaithersburg, MD, USA), Mussel Tissue from the
Community Bureau of Reference (Brussels, Belgium) and Dogfish Muscle Tissue
(DORM-I) from the National Research Council (Canada). The results from the
analysis of SRM were al within the 95 % confidence limit of the SRMs. The
detection limits for the methods were (ug/L); Cd: 0.036, Cu: 5, Hg: 0.01, Pb: 0.41,
Zn: 10.

Comparisons according to individual shell length and wet weight between the
three samples at each station were performed by analysis of variance (ANOVA).
Prior to the ANOVA, individual wet weights and shell lengths were tested by
Kolomogorov-Smirnov's test of normality (Zar 1984) and Levene's test of equa
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Figure 1. Map showing sampling stations (1-20) in the Bergen Harbor area, Western Norway.

variance (Brown and Forsythe 1974). Shell length, wet weight, percent dry matter
and metal concentration comparisons between sampling stations were also
subjected to ANOVA. If the results were significantly different (p < 0,05) the data
were tested by Tukey' s HSD test of multiple comparisons (Zar 1984). Mean
values and 95 % confidence intervals of the three samples were calculated for
each station.

RESULTS AND DISCUSSION

The mean lengths of the mussels used for anaysis from the 20 sampling sites were
from 41 to 51 mm. Shells from stations 3, 4, 9, 10, 19, and 20 were significantly
longer than those from the other stations. Comparisons of soft tissue wet weight
between stations showed that they varied from 5.4 g a Station 3 to 1.7 g a Station
17. Comparing percent dry matter between the 20 sampling stations showed that
there was a variation from 11.5 % (Station 18) to 16.8 % (Station 3). Some
investigations have shown that the accumulation of heavy metals is dependent of
size (Boyden 1977; Latouche and Mix 1982). However, there is no genera
agreement on how the metal concentration is affected by size. Knutzen and Skei
(1990) defined “high background levels’ for the heavy metals in sediments and
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Figure 2. The concentration of Zn in soft tissue of blue mussels from different sampling stations
in the harbor area of Bergen, Norway. The gray shadows represent the 95 % confidence interval.
The line represents a limit value for polluted areas called “high background levels’ (see text).

biota to indicate areas affected by heavy metal pollution.

The Zn concentrations in the mussels sampled ranged from 69.3 mg/kg (wet
weight) at Station 11 to 32.2 mg/kg (wet weight) at Station 19 (Fig. 2). At dll
stations the Zn concentrations were higher than “high background values’ of Zn in
mussels from unpolluted areas according to Knutzen and Skei (1990). The
observed values were, in fact, typical for Zn-polluted areas such as in Sgrfjorden,
Western Norway and in Cork Harbor, Ireland (Berrow 1991; Julshamn et al.
1985). With respect to use for human consumption, however, the values are of no
concern as even a 150 g meal only will contribute about 10.5 mg Zn. In fact, Zn
content in most Western diets is too low rather than too high.

Mussels showed decreasing concentrations of Cu from the inner area and
outwards (Fig. 3), especially Stations 2, 5, and 6 with 3.8, 3.8, and 3.7 mg/kg wet
weight, respectively, were high compared to “high background values’ of Cu in
mussels (Knutzen and Skei 1990). Also, Station 15 showed an elevated Cu level
(3.2 mg/kg), but the high variation at this station made it difficult to draw
conclusions about why this was found. The blue mussel has not been regarded as a
good surveillance organism for Cu pollution because it has the ability to regulate
Cu levels in the soft tissue even when exposed to high levels of the metal
(Amiard-Triquet et a. 1986; Phillips 1976). The high concentrations observed in
the mussels from the inner harbor area are therefore of great concern with regard
to the environment. This may reveal a marked source of Cu pollution. In Great
Britain there is a recommendation for a limit of 20 mg/kg for Cu levels in food.
There is no such recommendation in Norway, but even in highly polluted areas the
Cu levels in mussdls are of no concern with regard to human consumption.
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Figure 3. The concentrations of Cu in soft tissue of blue mussels from different sampling stations
in the harbor area of Bergen, Norway. The gray shadows represent the 95 % confidence interval.
The line represents a limit value for polluted areas called “ high background values’ (see text).
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Figure 4. The concentrations of Pb in soft tissue of blue mussels from different sampling stations
in the harbor area of Bergen, Norway. The gray shadows represent the 95 % confidence interval.
The line represents a limit value for polluted areas called “high background levels’ (see text).

Mussels from stations 4 and 16 had mean Pb values greater than 2.5 mg/kg wet
weight and had significantly higher Pb concentrations in their tissues than mussels
from the other stations (Fig. 4). At al stations the concentrations of Pb were above
“high background values” (Knutzen) and Skei 1990). The rather high
concentrations of Pb in the blue mussels in this area confirmed that the Bergen
Harbor area is highly affected by urbanization. The sources of Pb are
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Figure 5. The concentrations of Cd in soft tissue of blue mussels from different sampling stations
in the harbor area of Bergen, Norway. The gray shadows represent the 95 % confidence interval.
The line represents a limit value for polluted areas called “high background values’ (see text).

probably from leaded petrol from cars and boats and some local industria plants.
The concentrations of Pb in mussels from this study are comparable to the values
from the dightly polluted aress in the outer part of the Hardangerfjord, Western
Norway (Julshamn et al. 1985). However, the concentrations are lower than those
in mussels from Cork Harbor, Ireland and the inner part of the Hardangerfjord,
Western Norway, which have been regarded as Pb-polluted areas (Julshamn et 4.
1985; Berrow 1991). Since Pb is a toxic non-essential metal, this metal is of some
concern. Lead can biomagnify in the food chain and accumulate in bone and teeth.
Following the recommendation from several countries about not eating molluscs
containing more than 1 mg Pb/kg, the mussels from the Bergen inner harbor area
should be regarded as Pb-polluted and should not be exported (FAO 1989).

Cadmium concentrations in the mussels deviated from the expected results when
it was shown that the reference station (20) had the highest value (0.29 mg/kg wet
weight) and the gtations in the inner harbor area the lowest values of Cd (Fig. 5).
All observed Cd concentrations were lower than “high background values”
(Knutzen and Skei 1990). The values from Byfjorden seem to be typical for
unpolluted areas (Richardson et a. 1994). From a nutritional point of view there is
no concern about eating mussels with such low concentrations of cadmium even
though Cd is a very toxic metd (FAO 1989).

Mercury analyses showed trends similar to Cu; the highest concentrations of Hg
were found in mussels from the inner harbor area, especially Station 4 with a
concentration of 0.06 mg/kg wet weight (Fig. 6). The lowest value was at Station
18 (0.01 mg/kg wet weight). In the inner harbor area the observed values were

594



0.06 Hg (mg/kg wet weight)

0o0s - .
0.04
0.03
02 S EEEEEEEE BEEERER ]
i II I ----- I
0
9 10 11 12 13 14 15 16 17 18 19 20
Station

Figure 6. The concentrations of Hg in soft tissue of blue mussels from different sampling stations
in the harbor area of Bergen, Norway. The gray shadows represent the 95 % confidence interval.
The line represents a limit value for polluted areas called “ high background values® (see text).

higher than “high background values’ (Knutzen and Skei 1990). The results from
this study showed lower Hg concentrations than typical polluted areas (De Wolf
1975; Julshamn et al. 1985). Despite the fact that Hg is a very toxic metal, there is
no danger of eating mussels from the Bergen Harbor area with regard to this metal
(FAO 1989).

In conclusion, the levels of metals in blue mussels from the Bergen Harbor area
showed that the area is contaminated with Zn, Cu and Pb. However, with regard to
human consumption only Pb gives rise to worry, and in terms of keeping with the
JECFA recommendations on Pb intake, an intake of up to 800 g/week would not
in itself make a person exceed the PTWI-level.
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