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Abstract The Lesina lagoon is located on the
southern Adriatic coast of Italy; many marine species,
such as the shrimp M. kerathurus, use the Lesina
lagoon as a nursery, spending their initial growth
phase there. In order to assess the usefulness of
migratory species as biomonitors of the environmen-
tal quality of this nursery area, we evaluated the metal
content of the M. kerathurus juveniles at the end of
their growth phase in the lagoon (October), when they
are assumed to have bioaccumulated the maximum
level of metals from the lagoon environment. The
concentrations of Cr, Cd, Pb, Zn, Mn and Cu were
measured in the muscle and exoskeleton of the
shrimp, and in the sediments and waters of three
areas of the Lesina Lagoon. Both the water and
sediment levels of the investigated metals tended to
fall within the ranges recorded for other lagoon
environments characterized by similar anthropic im-
pact and texturally similar sediment; the juveniles of
the shrimp M. kerathurus proved to be strong

bioaccumulators of heavy metals such as Zn and Cu
(biota-sediment accumulation factors – BSAFs – 6.01
and 25.0 respectively), which derive from agricultural
activities; therefore, at the end of their growing phase
in the lagoon they can be considered useful biomo-
nitors of metal contamination of agricultural origin in
their nursery area.
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Introduction

Lagoon ecosystems are biotopes of great ecological
value, due to their high biodiversity; moreover, they
are economically important because of fishing and
aquaculture (Vazquez et al. 1999). Agricultural, urban
and industrial inputs may cause high levels of con-
tamination within these ecosystems; for this reason
there is a need for tailored monitoring programs to
identfy ecosystem changes in relation to environmen-
tal alterations (Magni 2003).

Sediments represent one of the main sinks for toxic
substances in such ecosystems; in addition, toxicants
coming from the catchment area are transported to the
lagoon by drainage during the rainfall.

Toxicants coming from the drainage basin and those
released due to resuspension of sediments, can affect
both benthic and pelagic organisms (Volpi Ghirardini
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et al. 1999), which bioaccumulate them mainly
through the food chain (Sfriso et al. 1995; Ip et al.
2005). The combination of many factors such as the
shallowness of the water column, the limited ex-
change of waters with the sea, the large fluctuations in
physical and chemical parameters, and the heteroge-
neous processes at the interface between dissolved
phase and suspended particulate matter can enhance
the impact of pollutant inputs, especially trace
elements, on the biota (Cognetti and Maltagliati
2000; Censi et al. 2006).

Heavy metals within coastal lagoons are of special
concern: they may be of both agricultural or industrial
origin, are highly phytotoxic and can alter the
primary productivity of the environment. Aquatic
organisms bioaccumulate metals mainly by the food
pathway, but also through direct adsorption on the
body surface (Boisson et al. 2003). Therefore these
organisms can be used to assess the presence of toxi-
cants such as metals in the habitats in which they live.

The use of biomonitor species in assessing envi-
ronmental contaminant levels has proven to be a
valuable approach, and is now recognized worldwide.
Useful biomonitor organisms should concentrate
target contaminants, and be sessile or sedentary and
widely distributed; bivalves are the most commonly
used biomonitors, but also macroalgae, echinoderms,
crustaceans and fish are also employed widely (Sfriso
et al. 1995; Warnau et al. 1995; Guhathakurta and
Kaviraj 2000; Catsiki and Florou 2006; Hedouin et al.
2006).

The Lesina lagoon is one of the main nursery areas
of the southern Adriatic coast; the limited tidal
influence, the lack of water stratification due to the
shallowness, and the high water residence times
(Ficca et al. 1995; Manini et al. 2002) may led to
accumulation in the ecosystem of toxicants coming
from the drainage basin.

The penaeid shrimp Melicertus kerathurus (Forskǻl
1775) is one of the most common among the species
using the Lesina Lagoon as a nursery ground:
juveniles of M. kerathurus migrate from the Adriatic
sea to the Lesina lagoon in June–July, attracted by the
high food availability they need for growing; from
early autumn, when the temperature rapidly decreases,
adults migrate back to the sea or die, as they cannot
survive the low water temperatures in winter
(D’Adamo et al. 2007; Lumare et al. 1996). Many
authors have demonstred that the human impact on

the nursery areas (from both human activity dis-
charges and fishing) strongly affect recruitment level
and population size (Johnson et al. 1998; Le Pape
et al. 2003).

The aim of the present study was to estimate the
bioaccumulation of selected heavy metals in the
juveniles (mean length 7 cm) of the penaeid shrimp
Melicertus kerathurus (Forskǻl 1775), and the relative
concentrations in the waters and sediments of the
Lesina lagoon. The sampling was carried out in the
early autumn, when the drainage is at a maximum due
to the peak in rainfall. This species was selected as a
possible biomonitor for many reasons: M. kerathurus
uses the Lesina lagoon as a nursery, spending its
initial growth phase in the lagoon and increasing the
body size from about 5 mg to 5 g from June to
October (Lumare et al. 1996); shrimps accumulate
heavy metals mainly from the food pathway (Boisson
et al. 2003); metal bioaccumulation is known to be
higher in juveniles as a consequence of their higher
metabolic activity (Páez-Osuna and Ruiz-Fernández
1995a; Hedouin et al. 2006). For these reasons, in
early autumn, in the Lesina lagoon ecosystem, they
can be assumed to have bioaccumulated the maxi-
mum level of metals from the lagoon environment.
Thus, although some decapods are known to regulate
the internal concentration of some metals (Phillips
1990), M. kerathurus in this case and in this life stage
was considered to be a possible biomonitor for its
nursery area.

Materials and methods

Study area

The Lesina Lagoon (Fig. 1) is located on the southern
Adriatic coast of Italy (Puglia region) on the northern
side of the Gargano promontory (41°51′47″–41°54′
40″N and 15°18′48″–15°34′28″E). It is a brackish
basin (0.7–1.5 m deep) separated from the sea by a
1–2 km wide dunal cordon and connected to the sea
through two channels, Schiapparo and Acquarotta. It
stretches for about 22 km along an East-West axis
and is 3 km wide, covering an area of 51 km2, with a
volume of 41.2×106 m3. Precipitation is limited
(400–700 mm year) and follows a strong seasonal
pattern with the lowest levels in the summer and the
main rainfall period in September (data from the

Environ Monit Assess



Consorzio di Bonifica di Capitanata, Foggia, Italy);
the freshwater input mainly derives from small
seasonal rivers, the Pilla and Zanella springs and the
Lauro Canal (Manini et al. 2002). A numerical study
taking into account the tidal and wind forcing shows
that the tidal range is attenuated with respect to the sea
tide, and that due to the limited depth the decay time is
three to five cycles only, i.e the water residence time is
about 70–100 days (Ficca et al. 1995).

Salinity levels show interannual, seasonal, and
spatial variations, with a tendency to increase from
the western basin to the eastern basin, depending on
the rainfall and water evaporation rates, values
ranging from 3 to 44 psu (Manini et al. 2003;
Fabbrocini et al. 2005).

The drainage basin of the Lesina lagoon is about
600 km2; it is used mostly for agriculture (21,000 ha
of cereals and vegetable crops); onshore there are also
two fish farms and a livestock farm; three towns, with
a total of about 30,000 inhabitants, release urban
waste into the lagoon from two sewage treatment
plants.

The bottom sediments are characterised by a high
organic matter content (8–15%); the main granulo-
metric class (>90%) is the silty-clay fraction
(<63 μm), with a large quantity of biogenic deposits
(Fabbrocini et al. 2005). Zoostera noltii and Ruppia
cirrhosa are the most abundant macrophytobentos
species in the western and central-eastern basin
respectively. Macrozoobenthos mainly consists of
mussels, anellida and crustaceans (Nonnis-Marzano
et al. 2003).

Sample collection

Samplings were carried out during the first ten days of
October 2004 in twelve sampling sites (Fig. 1), after
the main rainfall period had drained the agricultural
residues coming from the summer crop treatments,
and at the end of the shrimps’ initial growth phase.
Water samples (sites 1–2–4–6–10–11) were collected,
at a depth of 30 cm in a Niskin bottle, acidified with
HNO3 0.5% and stored in neutral polyethylene
bottles. Salinity was recorded using a multiparametric

Fig. 1 Position of the Lesina lagoon along Adriatic coastline and details of sampling sites and of the various agricultural, zootechnical
and urban discharges
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probe (YSI 556MPS). The first 5 cm of surface
sediment were collected in triplicate in sites 1 to 12
by pole core (internal diameter 4.5 cm, surface area
15 cm2), placed in polyethylene flasks and immedi-
ately transferred on ice to the laboratory; the three
replicates were then mixed, homogenized and stored
at -20°C. Shrimp juveniles (mean length rostrum-
telson extreme 7.19±0.68 cm; mean weight 2.95±
0.8 g) were collected by fyke nets and gill nets
located in the three lagoon areas (sites A–B–C).
Individuals were immediately rinsed with lagoon
water, wrapped in polyethylene bags, and transferred
on ice to the laboratory. Three pools, each containing
15 specimens randomly selected, were created; the
exoskeleton was then removed and the muscle was
cut into pieces; all the samples were stored in
polyethylene bags at −20°C.

Heavy metal content evaluation

Heavy metal analyses were performed according to
established procedures described in Avella et al.
(2005) and in Bruno et al. (2006).

Shrimps: For both muscle and exoskeleton, three
grams of sample were placed in a china crucible,
weighed and heated in a furnace at 105°C until con-
stant weight (about 12 h); the sample was then cooled
for 30 min in dry air and weighed again (approxima-
tion 1 mg). Moisture was calculated as the difference
between initial and final weight of samples. The
sample was carbonated over a small flame, placed in
a muffle furnace at 700°C for a few hours, cooled in
dry air for 30 min and weighed again (approximation
1 mg). Ash content was calculated as the difference
between initial and final weight. The obtained ashes
were dissolved in 10 ml of hydrochloric acid solution,
warmed in a hot water bath and then filtered. Distilled
water was added up to 50 ml and the sample
underwent heavy metal content evaluation.

Sediments: Three aliquots of sediment (2 g each)
were digested in hydrochloric acid solution for 24
hours. After centrifugation for 17 min at 4500 rpm,
the supernatant was filtered through a 0.45 μm filter,
distilled water was added up to 50 ml and the sample
underwent heavy metal content evaluation.

Water samples were acidified with 5% HNO3, then
filtered through a 0.45 μm filter and directly analysed.

A Spectrophotometer (Varian – SpectrAA 200,
Mulgrave – Victoria, Australia) was used, together

with a flame burner and a Varian GTA-100 graphite
furnace atomizer. The Flame AA burner was used for
determining manganese (waters and sediments),
chromium, copper (sediments), zinc, lead (sediments)
and cadmium (sediments) content, and the graphite
furnace AA atomizer for lead (waters and shrimps),
cadmium (waters and shrimps), copper (waters and
shrimps), and manganese (shrimps).

Analyses were run in triplicate and the following
detection limits were employed:

Sediments: Pb (5–15 μg/g); Cr (5–15 μg/g); Cd
(1–3 μg/g); Zn (2–6 μg/g); Cu (3–9 μg/g); Mn
(5–15 μg/g)
Waters: Pb (10–30 μg/L); Cr (0.2–1.0 mg/L); Cd
(5–15 μg/L); Zn (2–6 mg/L); Cu (10–30 μg/L);
Mn (0.5–1.5 mg/L)
Shrimps: Pb (10–30 μg/g); Cr (2–10 μg /g); Cd
(0.5–1.5 μg/g); Zn (5–15 μg /g); Cu (10–30 μg/g);
Mn (5–15 μg/g)

The standard deviation was always lower than 1%
for flame atomic absorption spectrometry and 5% for
atomic absorption spectrometry with the graphite
furnace.

Statistical analyses

Statistical analyses were carried out using the Statis-
tica 7.0 statistical package (Statsoft inc., Tulsa, OK,
USA). One-way analyses of variance (ANOVA) were
used to investigate differences between the four
analysed matrices (sediment, water, muscle and
exoskeleton).

The biota-sediment accumulation factors (BSAFs)
of each metal were calculated according to the
formula: BSAF=Cx/Cs, where Cx and Cs are the
mean concentrations of metal in the shrimp muscle and
the associated sediment respectively (Soto-Jimenéz
et al. 2001; Szefer et al. 1999).

Results

Concentrations of the investigated metals (Cd, Pb,
Cu, Mn, Zn and Cr) in samples of water, sediment
and shrimps collected from the study area are
presented in Tables 1, 2 and 3.
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Water

Salinity levels (Table 1) ranged from 9.84 psu
(sampling site 12) to 22.91 psu (sampling site 2).

All six metals were found in all the sampling sites,
although the amounts were negligible in some cases,
Cr and Pb being the most abundant (Table 1). The
distribution of Cu (8–16 μg l−1), Cr (38–95 μg l−1)
and Mn (13–74 μg l−1) was more or less homoge-
neous across sampling sites, and the main source of
these metals could not be identified; conversely, Pb
(8–42 μg l−1), Cd (0.2–18 μg l−1) and Zn (0.06–46 μg
l−1) were found in higher concentrations near dis-
charges from urban, livestock and agricultural sour-
ces, while in the other sampling sites levels they were
near the minimum necessary for analytical detection.

Sediments

The distribution in the sediment (Table 2) of Cd (0.4–
1.3 μg g−1) and Mn (63–160 μg g−1) was homogeneous
across sampling sites and the main source of these

metals could not be identified; Cr (0.4–31 μg g−1) and
Zn (2–23 μg g−1) were mainly recorded near the
mouths of the channels, while Pb (0.6–28 μg g−1) and
Cu (0.4–14 μg g−1) were found mainly in the central
area of the lagoon and near the points of entry of
urban and agricultural runoff.

Shrimps

Measured concentrations of the six investigated metals
in the exoskeleton and muscle of M. kerathurus were
broadly similar across sampling sites. Zn was the
most abundant element detected, ranging from 40 to
60 μg g−1 in both exoskeleton and muscle. Cr also
showed similar levels for exoskeleton (3–5 μg g−1)
and muscle (2–10 μg g−1), comparable to those of the
sediments. The highest concentrations of Cu were
recorded in the exoskeleton (39–60 μg g−1), which
proved to bioaccumulate this metal at up to five times
the concentration of either muscle (6–26 μg g−1).
Conversely, the lowest bioaccumulation in shrimp
tissues was recorded for Mn (0.7–13 μg g−1 in the

Table 1 Salinity and concentrations of cadmium (Cd), lead (Pb), copper (Cu), manganese (Mn), zinc (Zn) and chromium (Cr) in
water (μg l-1) at various sampling sites in the Lesina lagoon

Stations Salinity (psu) Cd (mean±SD) Pb (mean±SD) Cu (mean±SD) Mn (mean±SD) Zn (mean±SD) Cr (mean±SD)

1 22.23 4.99±0.94 21.02±0.26 10.38±1.06 36.50±3.54 0.06±0.05 95.00±7.94
2 22.91 0.74±0.08 25.65±0.45 8.87±0.97 18.00±3.46 0.08±0.04 84.67±7.57
4 21.75 18.54±3.45 42.93±0.68 15.10±2.21 35.33±3.51 46.97±1.30 84.33±6.03
6 16.29 7.84±1.18 42.83±0.53 14.83±1.84 17.00±1.41 0.07±0.11 69.00±7.00
10 12.66 0.20±0.05 8.64±0.16 12.31±0.80 13.00±2.83 34.03±1.52 38.67±1.53
11 14.08 3.88±0.25 17.94±1.22 16.43±2.01 74.33±1.15 8.30±0.87 97.67±5.03

Table 2 Concentrations of cadmium (Cd), lead (Pb). copper (Cu), manganese (Mn), zinc (Zn) and chromium (Cr) in sediment (μg g-1

dry weight) at various sampling sites in the Lesina lagoon

Stations Cd (mean±SD) Pb (mean±SD) Cu (mean±SD) Mn (mean±SD) Zn (mean±SD) Cr (mean±SD)

1 0.46±0.19 1.64±0.26 2.24±0.59 100.08±30.74 12.69±1.31 7.71±1.71
2 0.66±0.13 5.36±0.50 3.02±0.63 153.20±26.54 23.57±3.17 13.39±3.21
3 0.79±0.06 12.05±0.56 6.26±1.45 126.35±14.69 14.39±1.91 18.18±0.32
4 0.84±0.05 8.08±4.36 11.25±0.57 160.52±1.01 15.58±3.51 17.22±0.22
5 1.01±0.29 27.49±7.57 4.16±0.05 107.99±8.59 10.01±1.07 10.12±0.17
6 0.77±0.06 6.29±0.78 1.93±1.24 102.47±0.26 6.59±3.00 6.28±0.15
7 0.44±0.10 21.87±0.24 8.04±2.26 96.72±10.82 11.55±2.53 11.34±5.44
8 1.16±0.03 28.34±1.46 1.90±1.24 143.64±0.95 8.05±5.27 11.76±0.13
9 0.85±0.07 8.47±0.77 14.37±2.43 135.32±8.90 23.88±6.44 31.07±7.67
10 0.84±0.25 21.33±5.98 1.67±1.43 156.13±0.84 17.36±0.02 18.54±0.20
11 0.68±0.40 1.32±1.11 0.42±0.19 63.61±0.39 2.73±0.63 0.45±0.14
12 1.34±0.19 0.63±0.72 0.68±0.03 92.78±57.98 13.07±0.29 2.92±1.65
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exoskeleton and 0.2–5 μg g−1 in muscle). Pb and Cd
were the least abundant metals, ranging from 0.2 to
5 μg g−1 and from 0.2 to 2 μg g−1 respectively in the
exoskeleton, and from 0.4 to 1 μg g−1 and from 0.07
to 0.2 μg g−1 respectively in the muscle; their
concentrations were lower than or comparable to
those recorded in the sediments.

Table 4 summarizes the results of statistical
analyses.

The one-way ANOVA shows that sediments
always bioconcentrate metals (P<0.01) at significant-
ly higher levels than the water. Cd, Mn and Zn are
always higher in shrimp tissues than in sediments (P<
0.001), while Pb and Cr concentrations are compara-
ble. Lastly, bioaccumulation levels in the exoskeleton
are significantly higher (P<0.001) than in the muscle,
except for Zn and Cr, where they are comparable.

As shown in Fig. 2, the BSAF values for Cd, Pb,
Mn and Cr are always less than one; in contrast Cu
and Zn have BSAF levels ranging from 1.76 to 25,
and from 2.20 to 6.01 respectively; in addition, the
concentrations of these two metals in the muscle of
M. kerathurus juveniles are negatively correlated with
salinity (r=-0.32 for Cu and r=−0.93 for Zn,

respectively), the higher BSAF values being recorded
for shrimps coming from the C site, characterized by
the lowest salinity levels.

Discussion and conclusions

The metal content of the Lesina lagoon sediments
recorded in this study is in good agreement with data
reported by other authors in the same area (Table 5)
specifically, these values are comparable to those of
the contiguous Varano lagoon (Spagnoli et al. 2002)
and to those recorded along the southern Adriatic
coast (Storelli et al. 2001). In addition, it is important
to point out that they are similar to those of lightly
impacted areas of the Venice lagoon (e.g. the Treporti
station, Volpi Ghirardini et al. 1999), and lower than
those recorded in strongly anthropized areas of both
the Venice lagoon (e.g. the Marghera station, Volpi
Ghirardini et al. 1999) and Goro Bay (Locatelli and
Torsi 2002). They are also similar to those recorded
for other lagoon environments characterized by a
similar anthropic impact and a texturally similar
sediment (Cheggour et al. 2001; Chen 2002).

Table 4 Probabilities (P values) from one-way ANOVA analysis

Heavy
Metal

Sediment vs
water

Sediment vs
muscle

Sediment vs
exoskeleton

Water vs
muscle

Water vs
exoskeleton

Muscle vs
exoskeleton

Cd <0.001 <0.001 0.002 <0.001 0.001 0.037
Pb 0.012 n.s. n.s <0.001 0.004 n.s
Cu 0.022 n.s. <0.001 0.005 <0.001 <0.001
Mn <0.001 <0.001 <0.001 0.014 <0.001 0.001
Zn <0.001 <0.001 <0.001 <0.001 <0.001 n.s
Cr 0.002 n.s. n.s <0.001 <0.001 n.s

P values are considered significant when lower than 0.05 (n.s.=not significant)

Table 3 Concentrations of cadmium (Cd), lead (Pb), copper (Cu), manganese (Mn), zinc (Zn) and chromium (Cr) in tissues of
Melicerthus kerathurus (μg g−1 dry weight) taken from various sampling sites in the Lesina lagoon

Stations Cd (mean±SD) Pb (mean±SD) Cu (mean±SD) Mn (mean±SD) Zn (mean±SD) Cr (mean±SD)

Muscle
A 0.10±0.08 0.47±0.04 14.90±0.06 0.99±0.13 41.83±11.91 1.88±0.06
B 0.16±0.11 0.68±0.32 6.60±0.03 4.99±2.65 49.62±1.17 4.30±0.29
C 0.23±0.02 0.64±0.19 26.00±0.13 1.84±0.41 60.37±14.84 4.25±0.19
Exoskeleton
A 2.04±0.25 2.37±0.34 57.94±6.58 13.34±2.14 46.35±0.42 3.08±0.09
B 2.93±0.34 5.74±1.03 47.58±3.17 12.31±0.43 59.30±3.62 4.96±0.16
C 0.91±0.74 1.83±0.66 39.18±7.61 13.85±0.92 56.45±5.28 3.45±0.21
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Previous studies carried out on the sediments of the
Lesina Lagoon (De Benedictis 1997) reported levels
of Cd (0.5–0.9 μg g−1) and Cu (2–25.5 μg g−1)
similar to those recorded in this study, showing that
they have not changed markedly in the last decade,
while Zn levels (255–1,155 μg g−1) have consider-
ably decreased. It should be noted, however, that
variables other than the variation of the inputs, such
as salinity, redox conditions, and resuspension by
wind-driven waves, may affect metal levels in lagoon
sediments (Marcomini et al. 1993; Vazquez et al.
1999; Bellucci et al. 2002). The metal content of the
sediments proved to be 102–103 times that of the
water, whose values are again lower than or similar to
those recorded by other authors for similar environ-
ments (Vazquez et al. 1999; Chou et al. 2004). Mn
displayed the highest concentration factor in sediment
(3,000 times the value recorded in the water),
followed by Zn (1,600×), Pb and Cu (500×).

Although a relationship between salinity and some
metal levels in the water has been reported for lagoon
and estuarine environments characterized by a wide
salinity range (Vazquez et al. 1999; Wang and Liu
2003), the concentrations of all the investigated
metals in the sampled sites of the Lesina lagoon,
where a marked salinity trend has not been recorded,
were found to be independent of salinity.

A study carried out on the eel Anguilla anguilla in
the Lesina lagoon (Storelli et al. 2007) showed that
the heavy metal content of the eels did not exceed the
maximum levels fixed by the European Commission.
Metal levels in M. kerathurus were again lower than
or comparable to those recorded in shrimp juveniles
from similar environments, the exoskeleton display-
ing higher bioaccumulation (3–12×) than muscle
(Paez Osuna and Tron-Mayen 1996; Guhathakurta
and Kaviraj 2000; Chou et al. 2004). High Cu and Zn
levels in muscle and high Cd, Cu and Zn levels in the

Fig. 2 Bio-sediment accu-
mulation factor (BSAF) val-
ues calculated for selected
metals in the M. kerathurus
muscle

Table 5 Range or mean ± S.D. of metal concentrations in sediments (μg g−1 dry weight) in the Lesina lagoon and in other sites along
the Adriatic Coast

Metals Lesina
lagoon
(this study)

Varano lagoon
(Spagnoli et al.
2002)

Venice – Treporti
(Volpi G. et al.
1999)

Venice – Marghera
(Volpi G. et al.
1999)

Goro Bay
(Locatelli and Torsi
2002)

South Adriatic Sea
(Storelli et al.
2001)

Cd 0.44–1.34 0.95±0.76 0.17 12.30 0.14–0.69 0.13–0.24
Pb 0.63–28.34 40.95±26.16 10.5 70.0 14.3–50.4 3.91–6.69
Cu 0.42–14.37 12.27±8.9 12.7 116.4 32.6–80.3 13.39–20.18
Mn 63.61–153.20 – 273.0 533.0 – –
Zn 2.73–23.88 – 47.0 3513.0 77.0–276.1 51.6–151.2
Cr 0.45–31.07 28.85±18.06 37.0 59.0 – –
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exoskeleton were recorded, up to two to four times
those of the sediments; however, relatively high
concentrations of metals such as Zn and Cu in
crustacean tissues are routinely reported by many
authors, and are attributed to the role they play as
activators of numerous enzymes (Depledge et al.
1993; Paez-Osuna and Tron-Mayen 1996). The
concentrations of heavy metals in the tissues of
marine invertebrates mainly depend on the accumu-
lation strategy adopted for each metal, and result from
the net difference between rates of uptake and
excretion of the metals, which in turn are affected
by factors such as the nature of the food, the
permeability of the animal’s external surface, and
the efficiency of osmoregulation and detoxification
systems such as metallothioneins (Moksnes et al.
1995; Paez-Osuna and Ruiz-Fernández 1995b). Both
shrimp tissues, as recorded for most marine organ-
isms (Rainbow and Phillips 1993), were found to
bioaccumulate the investigated metals at higher
concentrations than in the water; furthermore, the
high BSAF values for Zn and Cu highlight the ability
of M. kerathurus juveniles to bioaccumulate copper
and zinc in their soft tissues. It is important to point
out that these two metals are present in the pesticides
commonly used in the catchment area of the Lesina
lagoon (Franchi and Pelosi 1998). The markedly
higher BSAF levels recorded for both metals in the
shrimps from station C suggest greater metal bio-
availability due to the different salinity levels (Mubi-
ana et al. 2005; Speelmans et al. 2007); however,
different food types occurring in the three areas may
also partly explain this difference.

In conclusion M.kerathurus juveniles, despite their
recognized capacity for regulating the tissue concen-
trations of particular metals (by means of osmoreg-
ulation, detoxification, moultings) proved to be
strong bioaccumulators of heavy metals such as Zn
and Cu, which derive from agricultural activities;
therefore, at the end of their growing phase in the
lagoon, juveniles of the shrimp M. kerathurus can be
considered, useful biomonitors of metal contamina-
tion of agricultural origin in their nursery area.
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