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ABSTRACT

To assess the impact of lake trophy on trace element accumulation by Unio pictorum mancus, a population from the meso-
oligotrophic Lake Maggiore was compared with a population from the eutrophic Lake Candia. The element content in soft tissue and
shell biomass, the seasonal variations of element concentrations in soft tissues and shell, and the relationship between element
concentrations in the water and those in the tissues were estimated in pursuit of this objective. Thirteen mussel samplings were
performed in Lake Maggiore between May 2003 and September 2004 and in Lake Candia between June 2003 and August 2004.
Filtered water samples were collected seasonally. Water, shell and soft tissue samples were analysed by ICP-OES and ICP-MS for
the measurement of following elements: Zn, Cu, Fe, Mn, Ni, As, Pb, Co, Cr, Mo, V, Cd, Be and Ca. The element concentrations in the
mussel tissues and shell from Lake Maggiore were higher than those from Lake Candia. Due to the higher population density and
higher element concentrations in the mussels of Lake Maggiore, the element content in the biomass per m’ in this lake far exceeded
that in Lake Candia. The element concentrations in the mussel tissues, but not in their shells, of both lakes showed a seasonal pattern
of variation; this was to be expected as a result of the slower turnover time of the elements in the shell than in the tissues. For all the
elements, except Mo, Cr and Be, the "concentration factor" (C.F.) value was higher in Lake Maggiore than in Lake Candia mussels,
ranging from 10 to 10° and 10 to 10° respectively. The higher concentrations in the mussel tissues from Lake Maggiore were justified
not merely by the higher element concentrations in the lake water, but probably also because other causes, such as element
concentrations in food and element abundance in available forms, combine to affect the concentrations of the elements in the tissues.
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1. INTRODUCTION

The great capacity of bivalves to concentrate various
toxic and non-toxic trace elements in their bodies with
no evident danger to themselves is often exploited to
identify pollutants in an environment, including those in
which the pollutants are so diluted that they cannot be
analyzed by the methods commonly used (e.g., Merlini
et al. 1965; Ferrington et al. 1983; Doherty et al. 1993;
Oertel 1998; Ravera et al. 2003a). As an example,
radiomanganese (Mn-54) from the fall-out of nuclear
tests in the Pacific area was detected for the first time in
Europe by gamma spectrometry in Unio pictorum from
Lake Maggiore (Ravera & Vido 1961; Gaglione &
Ravera 1964). Besides having great accumulation
capacity and low discrimination power (Bryan 1979),
bivalves are regarded as useful pollutant indicators
because of their wide geographical distribution, the
presence of adults in all seasons and their sedentary way
of life. In addition, they can easily be sampled and sev-
eral species can live in both clean and polluted water
bodies.

The shell and soft tissues composing the mussel
body typically differ in their chemical composition, and
the turnover time of the same element is much shorter in

the tissues than in the shell. Consequently, the chemical
composition of the tissues is a reflection of the recent
situation of the environment, while the shell composi-
tion reflects the integrated situation over a time period
corresponding to the age of the mussels. Since several
mussel species have a life span of many years (e.g., up
to 200 years for Margaritifera margaritifera), the varia-
tions over time of some environmental characteristics
(e.g., nutrient enrichment, pH lowering, temperature
variations, metal concentration) have been recorded
through shell analyses (Mutvei & Westermark 2001;
Price & Pearce 1997; Lazareth et al. 2003).

Mussels can play an important role in the environ-
ments where they are very abundant (Dame et al. 2002),
particularly because of their influence on biogeochemi-
cal cycles. For example, the shells are a reserve of cal-
cium carbonate and associated elements (e.g., stron-
tium) which, when the mussel dies, are dissolved in soft
water environments in a relatively short time, while in
hard water they are preserved for a long time and may
give rise to thanatocoenosis. During the mussel's life,
there is a continuous flux of elements from the envi-
ronment (water and food) to the tissues and vice versa.
When a mussel dies, its tissues become available as
food for other organisms or decompose in a relatively
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short time. Thus in the former case the trace elements
are transferred from the mussel tissues to other organ-
isms, in the latter the elements are released to the water.
In evaluating the importance of mussels in biogeo-
chemical cycles, the first step is to quantify the element
content in the shell and tissue biomasses. There is a
huge amount of information on the concentration of a
number of elements in marine and freshwater mussels,
but the available information on the element contents in
their biomass is unfortunately poor.

The present study, dealing with 13 trace elements
(Mn, Fe, Zn, Cu, Pb, Ni, Cr, Cd, Co, V, Be, Mo, As)
plus calcium measured in mussels (shell and soft tis-
sues) and filtered water from Lake Maggiore and Lake
Candia, had three major aims.

The first was to compare element contents in the
shell and soft tissue biomass of two Unio pictorum
mancus populations: one from the oligo-mesotrophic
Lake Maggiore, the other from the eutrophic Lake Can-
dia.

The second aim was to compare seasonal variations
of element concentrations in the mussel shell and tissues
of both populations and to estimate the annual mean
concentration of each element and its variability. In ad-
dition, the similarity level of the seasonal variations of
the elements in the mussel tissues was tested.

Thirdly, since mussels are commonly used in bio-
monitoring surveys as accumulator organisms, we
wanted to evaluate the relationship between element
concentrations in mussel soft tissues and those in the
water of the two lakes.

2. MATERIAL AND METHODS
2.1. Study sites

The study was carried out on individuals of Unio
pictorum mancus (Bivalve, Unionidae) from the deep
meso-oligotrophic Lake Maggiore and the other from
the shallow eutrophic Lake Candia, respectively (Tab.
1). One sampling station (at a place called Sabbie d'Oro)
was located on the south-eastern side of Lake Maggiore
(latitude N 45°50'19", longitude E 8°37'17") near the
village of Brebbia (Province of Varese). The station is a
gently sloping bay with silty-muddy sediments. The
other station, on the south-eastern side of Lake Candia
(latitude N 45°19'32", longitude E 7°54'38", Province of
Turin), was located in the littoral zone, also gently
sloping, with sediments made up of mud, silt and sand.
Further details are reported in another paper (Ravera et
al. 2007, this issue).

2.2. Sampling and sample preparation

Six mussels from each sample collected monthly
from the two lakes for a population biology study
(Ravera et al. 2007) were used to analyse 13 trace ele-
ments and Ca concentration in the soft tissues and shell.
The mussels were chosen at random within a shell

length range from 64 to 71 mm. This size was preferred
because specimens of this size were abundant in both
lakes. The mussel shells were carefully cleaned by
scrubbing the surface with a nylon nailbrush to elimi-
nate sediment particles and periphyton coating the
periostracum, and to remove attached zebra mussels
(Dreissena polymorpha).

Tab. 1. Morphometric parameters of Lake Maggiore (Am-
brosetti et al. 1992) and Lake Candia (Giussani & Galanti
1992).

Lake Maggiore Lake Candia

Mean lake level (m a.s.l.) 194 226
Watershed area (km®) 6599 9.9
Lake area (km?) 212.5 1.5
Mean depth (m) 177 3.8
Maximum depth (m) 370 7.7

The cleaned mussels were preserved in plastic bags
placed in an icebox and brought to the laboratory where
they were kept at -20 °C until analysis. After separation
of the soft tissues from their shell, tissues and shells of
the six mussels were separately pooled to obtain two
sub-samples each. The soft tissues were freeze-dried
and then kept at 40 °C for 24 hours before pulverisation
in a Planetary Micro Mill Fritsch (Fritsch GmbH, Idar-
Oberstein, Germany) Pulverisette 7 model with jars and
balls in agate. The shells were broken into several
pieces to facilitate pulverisation. The powder obtained
was passed through a sieve with 0.2 mm opening size.
The samples of shells and soft tissues were mineralised
by a Microwave Digestion System CEM (Matthews,
NC, USA) MDS-2000 model, with an operating
frequency of 2450 MHz and a maximum power of 620
W. Prior to each digestion, the teflon PFA vessels were
washed with 2 mL of hot concentrated nitric acid
(heated for 10 min at 620 W) and then thoroughly rinsed
with deionized water. About 500 mg of sample, 8 mL of
HNO; (65% m/v), and 1 mL of H,O, (30% m/v) were
transferred into microwave vessels and left in contact
for two hours. Each time, six samples were placed in the
microwave carousel, together with a blank prepared
with suprapure reagents, and were submitted to the
following heating program: 5 min at 40% power; 5 min
at 60% power; 15 min 80% power; last cooling. All
these solutions were transferred and filtered (Whatman
n° 42) into a 50 mL flask and brought to volume. A
certified mussel tissue, reference sample CRM 278
(Mytilus edulis), prepared by the Community Bureau of
Reference (BCR) was used as reference material to
evaluate the accuracy of the analytical procedure
(Tab. 2).

Water samples were collected seasonally from each
lake: 10 double samples from Lake Maggiore and 7
from Lake Candia. Soon after collection the samples
were filtered on a 0.45 um (pore size) Millipore filter
and preserved in plastic bottles by the addition of a few
drops of 65% (w/v) nitric acid.
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Tab. 2. Determination of metals in BCR (Community
Bureau of Reference) mussel tissue CRM 278; values
found are means of 4 replicates = SD. *: Means of 3
replicates +SD; values in brackets are reported by
BCR and are indicative only.

Element Found (ug g") Certified (ug g")
Al 3748 (70)
As* 5.88+0.08 5.9+0.2
Be* 0.06

Ca 934+48 (1000)
Cd* 0.335+0.007 0.34+0.02
Co* 0.35+0.01 (0.34)
Cr* 0.83+0.1 0.80+0.08
Cu 9.07+0.42 9.6+0.16
Fe 12144 133+4
Mn 6.8+1.4 7.3+0.2
Mo* 0.36

Ni* 0.97+0.02 (1.0
Pb* 1.89+0.01 1.91+0.04
TI* <0.001

V* 0.55+0.03

Zn 75+3 76+2

2.3. Reagents and calibration

The reagents used, nitric acid (65% w/v) and hydro-
gen peroxide (30% w/v), were suprapure (Suprapur,
Merck, Darmstadt, FRG). High-purity water (electrical
resistivity >18 MQ cm) was produced with a Milli-Q
system (Millipore, MA, USA). Calibration for ICP-OES
was obtained with external standards. Standard solu-
tions were prepared by diluting a 1000 mg L™ multiele-
ment solution (ICP Multielement Standard IV, Merck,
Darmstadt, FRG) with the same acid amount used for
sample dissolution. Glassware was cleaned by soaking
with the contact overnight in a 10% (w/v) nitric acid
solution and then rinsed with deionized water.

Calibration for ICP MS was also obtained with
external standards. Standard solutions were prepared
diluting by weight a 1000 mg L™ multielement solution
(Romil Ltd, Cambridge, UK). Ultra pure nitric acid, also
from Romil (Romil UpA), was twice redistilled before
use. The containment materials were in FEP (Fluori-
nated Ethylene Propylene) from NALGENE (Thermo
Fisher Scientific Inc., Waltham, MA 02454, USA) and
used after an internal, well-established 2 week cleaning
procedure. All the chemical operations were performed
in a Clean Room (<100 Class).

2.4. Chemical analyses and instrumentation

The analytical determination of Ca, Cu, Fe, Mn and
Zn was carried out using the ICPOES Jobin Yvon
(Jobin Yvon Emission Horiba Group, Long Jumeau,
Cedex, France) JY 24 model. Table 3 gives some basic
information about the operating conditions of the ICP-
OES spectrometer. The other elements (Be, V, Cr, Co,
Ni, As, Mo, Cd, Pb) present in tissue samples at trace
level concentration were measured by ICP-MS using an
Agilent 7500ce (Agilent Technologies, Palo Alto, Ca
94306, USA) equipped with the Collision /Reaction
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Cell. The instrumental operating conditions are summa-
rized in table 4. During ICP-MS measurements, isobaric
interferences can arise from both the argon used to
sustain the plasma and the reagents involved in the
sample preparation. In particular, there are well-known
interferences in tissue samples that can overlap the
masses of Cr, V and As at trace levels. As reported
above, the sample preparation method must obviate this
problem by avoiding the introduction of chloride-based
interferences. In addition, the combined use of the colli-
sion cell and the measurement of two separate isotopes
for elements like Cr and Cu results in real agreement
with the expected values certified in the Reference
Standard Material used (Tab. 2).

Tab. 3. Instrument operating parameters of ICP-OES
JY24.

Parameter

Incident power (W) 950

Reflected power (W) <5

Ar gas flow rate (L min™)

Outer gas 13

Auxiliary gas <1

Aerosol gas 0.9

Nebulizer

Model Cross-flow — Scott chamber
Sample flow rate (mL min™) 1.5

Pump of sample injection Gilson miniplus 2

Tab. 4. ICP-MS Agilent 7500ce Operating Conditions.

Parameter

Plasma RF Power (W) 1500

Carrier Gas Flow (L min™) 1.1

Sample depth (mm) 9.5 from load coil

Spray Chamber Temperature (°C) 2+3

Sample flow rate (UL min™") 250

Nebulizer Agilent microflow PFA

Interface Nickel simple and skimmer cones

2.5. Calculations

To evaluate the similarity between the seasonal
trends of concentrations of the different metals in the
tissues of mussels from each lake, considered sepa-
rately, the significance level for the 91 combinations of
the 14 metals was calculated using the Pearson correla-
tion matrix. The significance levels were p <0.01
(highly significant) and p <0.05 (significant). The same
method was used to evaluate the seasonal variations
of each single metal in the tissues of molluscs from
the two lakes, considered together for comparative
purposes.

The concentration factor (C.F.) was calculated as the
ratio between the concentration of the element in the
mussel tissues (related to wet weight) and its concentra-
tion in the filtered water. For each element the mean
annual concentration in the mussel tissues was divided
by the mean concentration in the water. The wet
weight/dry weight ratio (9.66 for Lake Maggiore and
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Tab. 5. Mean concentration standard deviation and coefficient of variation (% CV) of elements in tissues
and shell of mussels from Lake Maggiore and Lake Candia. The mean values are expressed in pg g d.w.
except for calcium (mg g d.w.) and beryllium (ng g d.w.).

Lake Maggiore Lake Candia
tissue shell tissue shell
mean SD % CV mean SD % CV mean SD % CV mean SD % CV
Ca 60.9 11.0 18 365 18 49 16.1 2.5 16 365 21 5.7
Mn 6470 1200 19 189 19 10 3690 620 17 737 86 12
Fe 2390 570 24 108 50 46 1840 290 16 245 92 37
Zn 840 194 23 3.61 0.88 24 120 12 10 1.82 0.44 24
Cu 28.0 7.06 25 5.51 0.99 18 12.7 6.35 50 3.21 1.25 39
Pb 12.0 6.41 54 0.49 0.16 34 2.64 1.48 56 0.26 0.05 18
As 9.05 1.48 16 0.52 0.15 28 2.68 0.34 13 0.43 0.17 40
Ni 6.95 3.34 48 6.48 2.04 31 4.22 1.70 40 5.50 1.15 21
Cr 3.97 1.00 25 0.64 0.33 52 1.48 0.41 28 0.46 0.19 41
Cd 3.56 1.05 30 0.05 0.02 33 0.75 0.13 18 0.04 0.02 52
Co 0.89 0.09 10 0.81 0.04 5.4 0.59 0.09 15 0.61 0.05 8.7
v 0.65 0.28 42 0.12 0.04 33 0.21 0.08 37 0.08 0.04 55
Mo 0.53 0.08 16 0.07 0.04 57 0.27 0.05 18 0.09 0.07 78
Be 21.5 11.4 53 4.50 3.28 73 7.92 5.75 73 1.55 0.86 55

8.65 for Lake Candia mussels, Ravera et al. 2007) was
applied to calculate the element concentrations in the
tissue wet weight from the concentrations measured in
the dried material.

The flesh condition index (F.C., tissue dry
weight/shell dry weight ratio, Lobel and Wright 1982)
and the condition index (C.I., ratio between the tissue
dry weight and the product of shell length, width and
height, Lobel et al. 1991) were calculated to estimate
the level of dilution of the elements produced by the
mussel soft tissues. The value of both indices generally
increases as the metal concentration in the tissues
decreases. We devised another index, the Influence
index (/.i.), as an attempt to estimate the potential influ-
ence of the metal contents in the mussel population
biomass on its habitat. This index is calculated as the
ratio between the metal content in the mussel (soft tis-
sue and shell) biomass per sediment surface unit and the
metal concentration in the lake water. The value of the
index is expressed as the volume of water (m™) with the
same metal concentration as in the lake water.

Li. = AB/Cx10°

where: 4 = metal concentration in the biomass (ug g™);
B = dry weight of the biomass (g m?); C = metal con-
centration in the lake water ((ug L™).

3. RESULTS

3.1. Element concentrations in shell, soft tissues and
water

The mean concentration, standard deviation and
coefficient of variation (%CV) of elements in the soft
tissues and shell of mussels from Lake Maggiore and
Lake Candia are reported in table 5. In both lakes, most
element concentrations showed wide variations over
time in both mussel shell and tissues, as can be seen
from the relatively high coefficients of variation. Alto-
gether, most of the elements examined revealed higher

concentrations in both shell and tissues of the Lake
Maggiore mussels.

The mean concentrations of elements in filtered
water are given in table 6. Element concentrations were
generally higher in Lake Maggiore than in Lake Candia,
except for Mn, Fe and Ni, which were higher in Lake
Candia, and for Co and Cd concentrations, which were
similar in the two lakes.

Tab. 6. Element concentrations (mean £SD) in filtered
(0.45 pm) lake water.

Element Lake Maggiore Lake Candia
mg CaLl’ 26.4+5.30 15.1£2.38
ugZnL! 772 +52.6 40.1+ 142
ug Fe L' 37.2+48.7 93.3+93.2
pugMn L’ 20.0 +£39.4 55.1+52.8
pugCul’! 2.10+0.32 2.00 + 0.00
ugNiL! 1.60 £ 0.55 1.85+0.44
ug AsL! 1.36 £0.33 0.51+0.11
pug Mo L 0.71+0.16 0.19 +0.09
ugPb L 0.48 £0.22 0.29 £ 0.09
ug CrL! 0.33 £ 0.60 0.12£0.03
ug VL' 0.28 +0.12 0.12+0.07
ug CoL"! 0.09 + 0.05 0.09 +0.01
ugCdL?! 0.02 +0.01 0.02 £ 0.01
ngBe L 0.98 +0.83 0.19+0.23

The decreasing sequences of the mean element con-
centrations in the soft tissues, shell and filtered water
from Lake Maggiore and Lake Candia were quite simi-
lar, the greatest differences being in the elements with
the lowest concentrations, such as Co and Pb in shells
and tissues from both lakes (Tab. 7).

The F.C. and the C.I. were both lower in Lake
Maggiore mussels than in the Lake Candia mussels
(Tab. 8). The C.F. for each element from both lakes and
their ratios are listed in table 9.
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Tab. 7. The decreasing sequences of the mean element concentrations in the
soft tissues, shell and filtered water from Lake Maggiore and Lake Candia.

L. Maggiore

L. Candia

tissues Ca>Mn>Fe>Zn>Cu>Pb>As>Ni>Cr>Cd>Co>V>Mo>Be
shell Ca>Mn>Fe>Ni>Cu>Zn>Co>Cr>As>Pb>V>Mo>Cd>Be
water Ca>Zn>Fe>Mn>Cu>Ni>As>Mo>Pb>Cr>V>Co>Cd>Be

tissues Ca>Mn>Fe>Zn>Cu>Ni>As>Pb>Cr>Cd>Co>Mo>V>Be
shell Ca>Mn>Fe>Ni>Cu>Zn>Co>Cr>As>Pb>Mo>V>Cd>Be
water Ca>Fe>Mn>Zn>Cu>Ni>As>Pb>Mo>V>Cr>Co>Cd>Be

Tab. 8. Mean value of the tissues and shell dry weight
and mean volume of mussel calculated on length,
width and height of shell. These variables refer to
mussels ranging from 64 mm to 71 mm length, the
size interval of the specimens analysed for trace ele-
ments. F.C. = flesh condition index, C.I. = concentra-

tion index.

Lake Maggiore Lake Candia
tissues (g) 1.32 1.74
shell (g) 13.87 11.20
volume (ml) 46.77 46.79
F.C. 0.095 0.155
C.L 0.028 0.037

Tab. 9. Concentration factors calculated for the mussel tissues from Lake
Maggiore and Lake Candia and the ratios between the concentration

factors.
Element Concentration factor CFpm/CFrc
Lake Maggiore Lake Candia

Mn 33473 7732 4.33
Fe 6661 2282 2.92
Cd 15796 5523 2.86
Pb 2564 1049 2.44
Be 2275 4821 0.47
Ca 239 123 1.94
Cu 1382 732 1.89
Ni 450 264 1.70
Co 1023 803 1.27
\% 241 202 1.19
As 689 601 1.15
Cr 1229 1407 0.87
Mo 77 168 0.46
Zn 1126 346 3.26

3.2. Element contents in the biomass of mussel tissues
and shell

The results from the biomass of mussel populations
from the two lakes (Ravera et al. 2007) were used to
calculate the mean element contents in mussel soft tis-
sues and shell per m™ (schematized in Fig 1).

The "Influence index" (Z.i.) was applied to estimate
the potential influence on the environment of the metal
contents in the mussels from the two lakes. The values
are reported in table 10. In both lakes, 8 elements (Ca,
Cu, Ni, Cr, Co, V, Mo, Be) have index values higher for
the shell than for the tissues; conversely, 4 elements (Fe,
Zn, Pb, Cd) have higher values for the tissues than for
the shell. This is due to the metal concentrations being
so high in the tissues that they exceed those of the large

biomass of the shell and its metal contents. The index
values calculated for the soft tissues and shell of the
Lake Maggiore mussels are higher than those of Lake
Candia mussels. In Lake Maggiore the index values of
Mn and As for the tissues are higher than those for the
shell, while in Lake Candia the opposite is the case.

3.3. Seasonal variation patterns of element
concentrations in the soft tissues and shell

The monthly variations of element concentrations in
the shell and soft tissues are schematized in Figs 2a, 2b
and 2c. All the element concentrations in the tissues of
Lake Maggiore mussels were higher than those in Lake
Candia mussels and generally showed a wider range of
variation.
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Fig. 1. Mean element contents in the shell and soft tissue biomass (dry weight) of mussels from Lake Maggiore and Lake Candia.

Tab. 10. Values of the . (influence index) expressed in m® of water corresponding to the ratio
between the metal content in the tissues and shell biomass and the mean concentration of the

same metal in lake water.

Element Lake Maggiore Lake Candia

tissues shell tissues shell

Ca 0.09 5.64 0.01 222
Mn 12.51 3.86 0.94 1.23
Fe 2.48 1.18 0.28 0.24
Zn 0.42 0.02 0.04 0.004
Cu 0.52 1.07 0.09 0.15
Pb 0.97 0.42 0.13 0.08
As 0.26 0.16 0.07 0.08
Ni 0.17 1.65 0.03 0.27
Cr 0.46 0.79 0.18 0.35
Cd 6.90 1.00 0.50 0.20
Co 0.38 3.67 0.09 0.62
\% 0.09 1.75 0.02 0.06
Mo 0.03 0.04 0.02 0.04
Be 0.85 1.87 0.58 0.75

The similarity levels of the seasonal patterns of the
different elements in the mussel tissues from each lake
are reported in table 11. A highly significant correlation
between the tissue concentrations of 14 pairs of ele-
ments, and a significant correlation between that of 17
pairs, were observed in Lake Maggiore; in Lake Candia
11 element pairs were correlated at a highly significant
p-level, 8 pairs at a significant p-level. The element
pairs with a high degree of correlation showed a very
similar pattern of seasonal variation, characterized by
generally low concentrations in summer 2003 followed
by high concentrations in autumn-winter, a decrease in
early spring and an increase in summer 2004. A less
evident, but similar, pattern of variation characterized
the element pairs correlated with a lower degree of sig-
nificance. All the significantly correlated pairs (p <0.01
and p <0.04) show a positive relationship, the sole
exception being the highly significant negative correla-
tion between Mo and Ni concentrations in the tissues of
Lake Candia mussels, which showed a mirrored pattern
of seasonal variation.

The between-lakes similarity level of each element
in the mussel tissues was also tested, but only two ele-

ments (Ni and Pb) showed a close similarity in the two
lakes.

4. DISCUSSION AND CONCLUSIONS

The aim of this study was to compare some impor-
tant biological and ecotoxicological characteristics of
two U. pictorum mancus populations living in two lakes
of different trophic state. As this study was carried out
simultaneously on the same monthly samplings of
populations of Unio pictorum mancus from two lakes
(the mesooligotrophic Lake Maggiore and the eutrophic
Lake Candia), it was possible to compare the biological
and chemical characteristics of both populations.

Generally, element concentrations were higher in the
tissues than in the shell of both populations. The ratio
between element concentrations in the tissues and those
in the shell of Lake Maggiore mussels was always
higher than those in Lake Candia. This is the result of
high metal concentrations in the tissues calculated for
Lake Maggiore mussels rather than low concentrations
in the shell.
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Fig. 2a. Seasonal variations of element concentrations in shell and soft tissues of Unio pictorum mancus from Lake Maggiore and
Lake Candia.
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Fig. 2b. Seasonal variations of element concentrations in shell and soft tissues of Unio pictorum mancus from Lake Maggiore and
Lake Candia.
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Tab. 11. Correlation matrix calculated for 91 combinations of elements in mussel tissues from Lake Maggiore (above diagonal) and
lake Candia (below diagonal). ** = highly significant (p <0.01), *= significant (p <0.04).

Zn Cu Ca Fe Mn Ni As Pb Co Cr Mo v Cd Be
Zn \ ns.  0.801** ns.  0.760**  ns. n.s. n.s. n.s. ns.  0.714**  ns. 0.643* n.s.
Cu ns. n.s. n.s. n.s. 0.635%* ns. 0.630*  0.602* n.s. n.s. ns. ns. 0.759%*
Ca 0.621%* ns. T~ ns. 0.833** ns n.s. n.s. n.s. ns. 0.617* n.s. n.s. n.s.
Fe 0.628%* ns.  0.738** \ 0.746**  n.s. n.s. n.s. 0.570* 0.761** 0.619* n.s. n.s. n.s.
Mn 0.801**  ns. 0.661* 0.739** \ n.s. n.s. n.s. 0.607*  0.602* 0.703**  n.s. 0.652* n.s.
Ni ns.  0.704**  ns. n.s. ns. n.s. n.s. ns. ns. n.s. n.s. n.s. 0.633*
As n.s. n.s. n.s. n.s. n.s. n.s. \ n.s. n.s. 0.606* 0.684**  n.s. n.s. n.s.
Pb ns. 0.634* n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s.
Co n.s. ns. n.s. n.s. ns.  0.726%* ns. ns. T~ ns. 0.626%  0.683* ns.  0.770%*
Cr n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. \ 0.761**  n.s. 0.586* n.s.
Mo n.s. ns.  0.736**  ns. ns. -0.699** ns. n.s. n.s. n.s. \ 0.576* 0.808**  n.s.
\Y% n.s. n.s. n.s. n.s. ns. ns. n.s. n.s. ns.  0.844**  ns. 0.712** 0.870%*
Cd 0.654*  0.621* 0.600* 0.771** 0.729**  n.s. n.s. n.s. ns. n.s. n.s. n.s. 0.609*
Be n.s. 0.583* n.s. ns. n.s. n.s. ns. 0.782**  ns. n.s. n.s. ns. ns.

The capacity of taxa such as mussels for accumu-
lating various pollutants (for example, trace elements) in
their body tissues has been exploited to develop the so-
called concentration factor (C.F.). The C.F.s calculated
for mussel tissues from Lake Maggiore were higher than
those of the corresponding elements from Lake Candia,
with the exception of the C.F.s for Be, Mo and Cr,
which were higher in Lake Candia. Consequently,
except for these three elements, the ratios between the
C.F.s of Lake Maggiore and those of the same elements
of Lake Candia were higher than 1 for all the elements.
While a ratio equal to 1 would suggest that tissue accu-
mulation depends solely on water concentration, a
departure from unity indicates that other factors, such as
the abundance of available element forms in water
and/or food, can affect metal intake and accumulation.

A drawback of the C.F. index is that the concentra-
tion in the tissues, which results from the accumulation
of elements over a relatively long time, must be com-
pared with the concentration in the water, which reflects
the environmental situation at the moment of sampling.
To minimize this difficulty we compared the mean ele-
ment concentrations in the tissues with the mean values
in the water. Although the water element concentrations
were similar in both lakes, the C.F. of the Lake
Maggiore population was distinctly higher for most of
the elements. Similar observations have been made by
other authors (Johnson et al. 1993; Ravera et al. 2003),
and Metcalfe-Smith et al. (1992) observed that mussels
from uncontaminated environments were frequently
more highly contaminated than those from clean waters.

One of the main reasons for the lack of correlation
between element concentration in the water and in the
tissues of the organism is the tendency to consider the
total element concentration in the water instead of the
element forms available to the mussel (e.g., Ravera
2004; Maruo & Orians 2006). Generally, the ionic form
of an element is the most readily available, though there
are exceptions (e.g., Hg, Pb, Sn). The particulate form
may also be important for filter feeding animals like
mussels. The relative proportion of the various element

forms varies in relation to the element as well as to
environmental conditions. For example, Muntau (1981)
found in water samples from an area of Lake Maggiore
close to our sampling station that the percentages of
elements in particulate form were: Cu 15%; Zn 18% and
Cd 39%, and in ionic or weakly chelated form: Cu 62%,
Zn 25% and Cd 56%. In spite of continually improving
methods for metal species identification and quantifica-
tion, field studies on aquatic invertebrates in relation to
element forms are very scarce (e.g., Lee et al. 2006). In
spite of drawbacks, however, the use of accumulator
organisms in biomonitoring yields reliable results in
identifying new pollutants (e.g., artificial radioisotopes)
or in estimating temporal and spatial differences in trace
element concentrations.

The values of the flesh condition index (F.C.) and
those of the condition index (C.I.) were both lower in
Lake Maggiore than in Lake Candia mussels, in which
the concentration of all the metals in the tissues was
lower than in Lake Maggiore (Tab. 8). This is in agree-
ment with the general rule of these indices, which is that
their values decrease as the metal concentrations in the
tissues increase.

Information on trace element concentrations in mus-
sel tissues is very abundant, less so for the shell and
very poor for trace element contents in the shell and tis-
sue biomass. The higher element contents in the tissue
and shell biomass of mussels from Lake Maggiore than
in the mussels from Lake Candia are due mainly to
greater population density, and to a lesser extent to
higher element concentrations in the tissues. Mean indi-
vidual weight, which is greater in Lake Candia mussels,
is of negligible importance for mussel biomass. Indeed,
the population density of mussels in Lake Maggiore
(46.86 individuals m™) exceeded that in Lake Candia
(6.93 individuals m?) by a factor of about 7. In Lake
Maggiore, therefore, mussels can be expected to exert a
greater influence on the biogeochemical cycles of ele-
ments than in Lake Candia.

Monitoring the seasonal variations of element con-
centrations in mussel tissues, besides providing infor-
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mation on element metabolism over the year, is useful
for calculating the actual mean concentration of the
elements. Certainly, the wide seasonal variations in
element concentrations show the inadequacy of calcu-
lating element concentration from samples collected in a
single season. The differences between the patterns of
variation over time of the same element in shell and tis-
sues may be explained by the turnover time of the ele-
ments, which is markedly shorter in the soft tissues than
in the shell. Consequently, element concentrations in the
tissues may vary over the seasons in relation to the
physiological needs of the mussel and the abundance of
the elements in available forms in water and food. Con-
versely, the greatest part of the elements present in the
shell is adsorbed from the water to the periostracum,
while a relatively smaller amount (except for Ca) is
transferred from the mantle to the shell during the whole
life-span of the mussel. It follows that, although no sea-
sonal pattern of element concentrations in the shell can
be expected, a knowledge of these concentrations over
time is essential for estimating the element content in
the shell biomass related to the surface unit of the sedi-
ments. We found evidence of higher concentrations of
several elements (e.g., Fe, Mn, Co, V, Be) in the soft tis-
sues during the cold season. Other authors observed
lower metal concentrations in the soft tissues of marine
and freshwater bivalves in summer than in winter (e.g.,
Savari et al. 1991). Klaric et al. (2004) observed in
winter and spring an As concentration increase in the
soft tissues, due at least partly to the low nutrition status
of mussels in these seasons.

A closer similarity of the seasonal pattern of the
metal concentrations in the mussel tissues was observed
in Lake Maggiore than in Lake Candia.

The positive correlation between some element pairs
could be the result of their metabolic analogy and/or of
seasonal variations of the available forms in the envi-
ronment. Only one negative correlation was observed
between the tissue concentrations of Ni and Mo in Lake
Candia mussels. This may be due to a competitive inhi-
bition for metabolic sites between these two elements
with a similar ionic radius (Ni"> = 69A and Mo™ = 70
A). Markich & Jeffree (1994) demonstrated this
mechanism clearly in laboratory experiments. This fact
highlights the strong influence of environmental condi-
tions on the seasonal variations of element concentra-
tions in mussels.

In contrast with the similarity in the seasonal pattern
of several metal pairs in the same lake, only two metals
(Ni and Pb) showed a similar seasonal pattern in the
mussel tissues of both lakes, a fact which demonstrates
that the behaviour of a given metal in the mussel can
vary widely in different environments. Further research
into this important problem is clearly required.

The metal content in a population represents the
amount of metals immobilized in its biomass, which is
equivalent to that transferred to the environment after

O. Ravera et al.

the death of the population organisms. This influence on
the environment, and particularly on biogeochemical
cycles, was estimated by the Influence index (Z.i.),
which shows values higher for both the soft tissues and
shell of Lake Maggiore mussels than for those of Lake
Candia mussels.

Populations of U. pictorum mancus adapted to envi-
ronments of different trophic state are characterized by
marked biological and chemical differences. The popu-
lation of the meso-oligotrophic Lake Maggiore showed
a higher density and a larger total biomass per surface
unit despite smaller individual size and a slower growth
rate (Ravera et al. 2007), as well as higher trace element
concentrations in the shell and tissues, compared to the
population of the eutrophic Lake Candia. We can there-
fore conclude that, at least in our case, high trophy can
reduce the impact of mussels on their habitat and par-
ticularly on biogeochemical cycles. Although the influ-
ence of eutrophication on mussels is evident (e.g.
Patzner & Miiller 2001), it is rather difficult to identify
the most important variables affecting the mussel and its
capacity to accumulate metals. In the literature there is
much more information on the influence of biological
factors on metal accumulation in marine mussels (e.g.,
Mpytilus) than in freshwater species.

Previous research (Ravera et al. 2003b) showed that
trace element concentrations (Cu, Zn, Fe and Mn) in U.
pictorum mancus tissues from eutrophic lakes were
lower than those from specimens inhabiting oligo- and
meso-oligotrophic lakes, even though the concentrations
in the eutrophic lake water were higher than those in the
less productive lakes. The present study revealed higher
element concentrations in both water and mussel tissues
of the meso-oligotrophic Lake Maggiore than in the
eutrophic Lake Candia. Two conclusions can be drawn
from this comparison: 1) higher trace element concen-
trations in the water are not necessarily related to the
high trophic state of the water body, and 2) high ele-
ment concentrations in mussel tissues cannot be
explained only by high element concentrations in the
water; other causes must be involved, such as a high
level of food contamination and/or a high percentage of
available forms of the element in water.
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