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Elementos traço e majoritários foram determinados em mexilhão dourado (Limnoperna fortunei) 
coletados no canal São Gonçalo (Rio Grande-RS, Brasil). Digestão assistida por microondas em 
sistema fechado foi utilizada para decomposição das amostras com subsequente determinação 
elementar por técnicas espectrométricas. Os resultados mostraram que o tecido de mexilhão 
contém Ag, Al, As, B, Ba, Ca, Cd, Co, Cr, Cu, Fe, Hg, Li, Mg, Mn, Mo, P, Pb, S, Sn, Sr, Ti, V e Zn, 
enquanto que na casca foram encontrados os mesmo elementos, exceto Ag e Hg, evidenciando seu 
potencial como biomarcador. Neste sentido, estes resultados podem ser utilizados para estabelecer 
um panorama inicial e contribuir para futuros estudos relacionados a contaminantes inorgânicos 
na área estudada.

Major and trace element content was determined in golden mussel (Limnoperna fortunei) 
collected in the São Gonçalo Channel (Rio Grande City, Brazil). A microwave-assisted digestion 
procedure in closed vessels was applied to mussel decomposition and subsequent determination 
of elements by spectrometric techniques. Results showed that the mussel tissue contains Ag, Al, 
As, B, Ba, Ca, Cd, Co, Cr, Cu, Fe, Hg, Li, Mg, Mn, Mo, P, Pb, S, Sn, Sr, Ti, V and Zn, while the 
same elements (except Ag and Hg) were quantified in its shell, demonstrating its potential as a 
biomarker. In this sense, these results can be used to establish an initial view and to contribute to 
further studies related to element contamination in the area under study.
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Introduction

Bivalves have been widely used as sentinel organisms 
for environmental change monitoring that is related to trace 
element levels in aquatic ecosystems.1,2 Bivalve are chosen 
for this purpose due to their wide distribution, extensive 
populations, sedentary and filter-feeding habits, besides 
their bioaccumulation capacity.3 

The golden mussel Limnoperna fortunei (Bivalvia: 
Mytilidae) (Dunker, 1857) is an Asian freshwater mussel 
that was first found (in South America, 1991)4 in colonies 
practically all along the La Plata River in Argentina,4-6 and 
in parts of Bolivia, Paraguay,7 Uruguay8 and Brazil, at 
densities reaching over 200000 individuals per m2.9 Since 

then, Limnoperna fortunei has already colonized the entire 
Paraguay River (an extension of 1718 km) and spread 
to Brazilian states, such as Mato Grosso do Sul, São 
Paulo10,11 and Paraná.12 

In Rio Grande do Sul State (Brazil), the golden mussel has 
been detected since 1998.9 This species has already colonized 
the Guaíba Lake,9,13 causing serious incrustations in water 
supply facilities.14 The first record of Limnoperna fortunei 
above the water gate of the São Gonçalo Channel and the 
Mirim Lagoon was made in 2005, and the dispersion may 
have happened via São Gonçalo Channel that connects both 
Patos and Mirim Lagoons.15

The combination of early sexual maturity, high 
fecundity index and wide environmental tolerance enables 
Limnoperna fortunei to be a successful invader of new 
environments.13 With these characteristics added to their 
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high filtration power (133 to 350 mL h-1 per individual),16 
these mussels can be used as sentinels17 of chemical 
distribution and levels of elements in aquatic ecosystems.5 

The characterization of this biomarker in different 
locations can simultaneously provide information on the 
pollution status of the region and better comprehension of 
response mechanisms that these organisms use against the 
pollutants.18,19 In a recent study,20 a screening survey of trace 
element contamination in Meretrix spp. (Mollusca: Bivalvia: 
Veneridae) collected in three regions in Vietnam was carried 
out. Likewise, Mytilus galloprovincialis has been used in 
the Eastern part of the Black Sea (Turkey) to monitor the 
effect of mine pollution by element determination in the 
tissue and shell of these mussels.2 In Flanders (Belgium), 
zebra mussels (Dreissena polymorpha) were evaluated as 
indicators of micro-pollution in freshwater environment.21

Trace element determination has always been an 
analytical problem, especially at the relatively low natural 
concentration in aquatic organisms. Generally, a wide 
range of elements in concentration levels from ng g-1 to 
µg g-1 can be measured in a single analysis.2 Analytical 
techniques, such as flame atomic absorption spectrometry 
(FAAS) and electrothermal atomic absorption spectrometry 
(ETAAS), have been used for trace element determination. 
However, the limits of detection (especially for FAAS) 
may not be sufficient for several elements found in a 
sample solution.22-24 In addition, the ETAAS technique 
is not so versatile as plasma-based techniques. Other 
techniques have been used for elemental determination, 
such as inductively coupled plasma mass spectrometry 
(ICP-MS) and inductively coupled plasma optical emission 
spectrometry (ICP-OES) in different matrices.25-27 These 
techniques have been successfully applied to trace element 
determination in mussel samples.20,21 Inductively coupled 
plasma optical emission spectrometry is attractive due to its 
multielemental capability. However, the limits of detection 
(LOD) for some elements are not sufficiently low yet.26 On 
the other hand, since ICP-MS is one of the most sensitive 
analytical techniques, it is suitable for multielemental 
determination at trace and ultra-trace levels in different 
sample matrices.25,27 However, matrix effects can increase 
LOD and cause interferences.26 Therefore, the sample 
preparation step is an important parameter to obtain suitable 
results when using plasma-based techniques. Usually, many 
procedures for biological matrix pretreatments,28 such as 
microwave-assisted digestion (MAD),29 ultrasound-assisted 
extraction (UAE)28 and combustion techniques,30,31 have 
been used. Microwave-assisted wet digestion in closed 
vessels, in view of its high digestion efficiency, relatively 
low reagent consumption and reduced risks of losses and 
contamination, by comparison with conventional digestion 

procedures, has been widely employed as a sample 
preparation method for different matrices.26,32

The purpose of this study was to investigate the 
element concentration in Limnoperna fortunei collected 
in the São Gonçalo Channel. This mussel can be used as 
a biomarker of aquatic pollution in the channel. Twenty 
four elements (Ag, Al, As, B, Ba, Ca, Cd, Co, Cr, Cu, Fe, 
Hg, Li, Mg, Mn, Mo, P, Pb, S, Sn, Sr, Ti, V and Zn) were 
determined in the tissue, shell and whole golden mussel by 
ICP-MS and ICP OES. Accuracy was evaluated by using 
certified reference materials (CRMs). Samples were digested 
by using microwave radiation in high-pressure closed vessels.

Experimental

Sampling and sample procedure

The field sampling procedure took place at daytime on 
November 21st, 2010, in the limnic portion of the São Gonçalo 
Channel, in waters 3 to 6 m deep (see Supplementary 
Information section), specifically in a place named 
“Sangradouro” (lat.: 32°10’01” S; long.: 52°39’02” W),  
where the São Gonçalo Channel flows into the Mirim 
Lagoon. Two distinct sampling devices were used: 
15 sampling processes were performed with a Picard dredge 
(10 × 40 cm) and 12 sampling processes were performed 
with a bottom trawl net (10.5 m head rope, 1.3 cm bar mesh 
wings and body with a 0.5 cm bar mesh cod end liner). A 
pair of weighted outer doors (15 kg each) was dragged 
for 400 m by a wooden boat (12 m long) equipped with 
60 HP engines.

A total of 133077 Limnoperna fortunei was collected and 
stored in plastic bags and polypropylene vessels. The 
majority of the individuals was collected by using a bottom 
trawl (n = 111739, 84%) and the remaining individuals 
(n = 21338, 16%) were collected by using a Picard dredge. 
Samples were preserved in ice and taken to the laboratory. 
All samples were maintained frozen (−20 °C) before the 
analyses.

The size ranges of the golden mussels, by comparison 
with those reported in the literature33,34 suggest that the 
majority of the golden mussel individuals (133077) can be 
considered adults above 2 years old (> 17 mm total length). 
It means that the colonization had started long before the 
sampling date.

A representative portion (1%) was separated from 
the total number (133077) into three subsamples [shell, 
tissue and whole (shell + tissue) mussel] for the subsequent 
digestion procedure. Shell samples were oven dried at 
50 ºC for 5 h and, afterwards, transferred to a mortar and 
gently blended to obtain homogeneity and particle size 
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smaller than 120 µm. Tissue and whole samples were oven 
dried at 50 ºC for 24 h and then transferred separately to 
a mortar and gently blended to obtain homogeneity and 
particle size smaller than 180 µm.

Reagents

All reagents used in this study were of analytical grade. 
Distilled and deionized water used to prepare all reagents and 
reference solutions was purified by using a Milli-Q system 
(Millipore Corp., Bedford, USA). Concentrated HNO3 and 
HCl (Merck, Darmstadt, Germany) were purified by using 
a sub-boiling system (Milestone, Model Duopur, Bergamo, 
Italy). Hydrogen peroxide 30% (m/v) was purchased from 
Synth (Diadema, Brazil). Sodium tetrahydroborate (Vetec, 
Duque de Caxias, Brazil) solution (0.1%, m/v) was daily 
prepared by dissolving the solid reagent in 0.01% (m/v) 
NaOH solution (Merck). A multielemental reference stock 
solution (SCP33MS, SCP Science, Quebec, Canada) 
containing 10 mg L-1 Ag, Al, As, B, Ba, Ca, Cd, Co, Cr, Cu, 
Fe, Li, Mg, Mn, Mo, Pb, Sn, Sr, Ti, V and Zn was used to 
prepare reference solutions in 5% (m/v) HNO3 in the range 
from 5 to 100 µg L-1 for ICP OES and from 0.025 to 10 µg L-1 
for ICP-MS. Mercury standard solutions in the range from 
0.025 to 1 µg L-1 for CV-ICP-MS were prepared by serial 
dilution of a 1000 mg L-1 stock standard solution (Merck) 
in 5% (m/v) HNO3. For sulfur determination, reference 
solutions (in the range from 0.1 to 10 mg L-1) were prepared 
with the serial dilution of a stock solution (1000 mg L-1) 
(Spex CertiPrep, Metuchen, USA) in ultra-pure water. 
For phosphorus determination, reference solutions (in the 
range from 0.1 to 10 mg L-1 P) were prepared with the serial 
dilution of a stock solution (1000 mg L-1 PO4

3-) (Merck) in 
ultra-pure water.

Instrumentation

A microwave sample preparation system (Multiwave 
3000, Anton Paar, Graz, Austria) equipped with eight 
high-pressure quartz vessels (80 mL) was used for sample 
digestion. Temperature and pressure were controlled during 
the heating program (maximum pressure and temperature 
were 80 bar and 280 ºC, respectively).

Element determination in mussel (shell, tissue and 
whole mussel) was performed by using an inductively 
coupled plasma optical emission spectrometer with axial 
view configuration (Model Spectro Ciros CCD, Spectro 
Analytical Instruments, Kleve, Germany) equipped with 
a cross flow nebulizer coupled to a double pass-Scott 
type spray chamber. An inductively coupled plasma mass 
spectrometer (PerkinElmer Sciex, Model Elan DRC II, 

Thornhill, Canada), equipped with a concentric nebulizer 
(Meinhard Associates, Golden, USA), a cyclonic spray 
chamber (Glass Expansion, Inc., West Melbourne, 
Australia) and a quartz torch with a quartz injector tube 
(2 mm i.d.), was also used for the element determination. 
Mercury was determined by using a cold vapor (CV) system 
coupled to ICP-MS by a continuous flow (CF) system. 
This system was built according to a previous study:26 it 
uses CF instead of flow injection. Briefly, it consists of 
a CV system, composed by a peristaltic pump (Gilson, 
Miniplus, France), a manual injector and a U-type gas-
liquid separator. Tygon® tubes with internal diameter of 
1.14 mm were used to carry both 0.1% (m/v) NaBH4 and 
1.0 mol L-1 HCl solutions, whereas a tube with internal 
diameter of 1.69 mm was used to carry water (which was 
the sample carrier). The sample was mixed with 1.0 mol L-1 
HCl by using a T-type connector (0.8 mm i.d.) and carried 
to another T-type connector (0.8 mm i.d.), where a NaBH4 
solution was also on-line mixed. The mixture was pumped 
to the gas-liquid separator and Hg was measured by 
ICP-MS. For spectrometer optimization, the radiofrequency 
(RF) power and the argon flow rate were optimized. RF 
power was evaluated from 1000 to 1500 W with increases 
of 100 W. Plasma, auxiliary and nebulizer gas flow rates 
were evaluated, ranging from 12 to 15, 0.8 to 1.5 and 0.6 
to 1.2 L min-1, respectively. For ICP-MS and ICP OES, 
the wavelengths and the isotopes were selected as the 
most sensitive and interference-free ones. The operating 
conditions for element determination by ICP-MS and 
ICP OES are described in Table 1. 

Argon 99.996% (White Martins - Praxair, São Paulo, 
Brazil) was used for plasma generation, nebulization and 
auxiliary gas.

Microwave-assisted digestion

Dried and ground samples of golden mussel (0.250 g 
tissue, shell or whole mussel) were transferred to quartz 
tubes and 5 mL concentrated HNO3 and 1 mL 30% H2O2 
were added. The heating program was carried out according 
to the manufacturer recommendations,35 as follows: (i) 600 W  
for 5 min (5 min of ramp), (ii) 1400 W for 5 min (5 min of 
ramp) and (iii) 0 W for 20 min. After cooling, digests were 
diluted with water to 30 mL in polypropylene vessels for 
further analysis. It is important to point out that the irradiation 
program was run 2 h after the reagents were added to the 
samples. This procedure was necessary due to the high 
carbonate concentration found in the shells. Otherwise, the 
pressure inside the vessels would increase quickly.

Accuracy was evaluated by using CRMs of oyster 
tissue (SRM 1566b) and natural water (SRM 1640), both 
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were obtained at the National Institute of Standards and 
Technology (NIST, Gaithersburg, USA).

All statistical calculations were performed by using 
the GraphPad InStat (GraphPad InStat Software Inc, 
version 3.00, 1997) software. A 95% significance level was 
adopted for all comparisons.

Results and Discussion

The concentration of some elements in mussels 
(e.g. Limnoperna fortunei) can provide data about potential 
pollutants in the aquatic environment. In this sense, the 
element concentration in tissue and shell should necessarily 
be known.2 The total element concentration in golden 
mussel samples (tissue, shell and whole) are shown in 
Table 2. Results for all elements represent the average 
values and standard deviation for n = 3.

Results show that tissue and shell of Limnoperna 
fortunei contain detectable concentrations of 24 elements 
determined by ICP-MS or ICP OES, except Ag and Hg 
concentrations in shell that were lower than 0.013 and 
0.05 µg g-1, respectively (Table 2).

Among the elements under evaluation, the Ca 
concentration was the highest in tissue (13.5 ± 0.5 mg g-1) and 
shell (359 ± 8 mg g-1). Although Ca is reported for the 
first time for Limnoperna fortunei, its concentration is 
in agreement with previously reported values for other 
mussel species, it ranges from 7.0 to 20 mg g-1 and 490 
to 647 mg g-1 for tissue and shell, respectively.2 For other 
major elements, such as Al, S and P, total concentration 
was 3092 ± 62, 6454 ± 314 and 9113 ± 357 µg g-1 for 
tissue and 158 ± 3, 1031 ± 88 and 302 ± 20 µg g-1 for 
shell, respectively. The Al concentration found in the 
whole mussel was 403 ± 7 µg g-1, being higher than the 
one reported for the same species of mussel Limnoperna 
fortune that ranged from 5 to 25 µg g-1.36

For Fe, values were 1881 ± 91 µg g-1 for tissue and 
322 ± 17 µg g-1 for shell. The iron concentration found 
in the whole mussel was 540 ± 26 µg g-1, being much 
higher than the one reported for the same mussel 
(from 5 to 25 µg g-1)36 and higher than the one reported 
for the Mediterranean blue mussel tissue (Mytilus 
galloprovincialis).37 However, the values found in this study 
are in agreement with those reported in the literature for 
other mussel species that ranged from 1150 to 4030 µg g-1.2

Values found for B, Mn and Mg in tissue were 5.0 ± 0.7, 
236 ± 5 and 651 ± 51 µg g-1, respectively, while the 
concentrations of these elements in shell were 1.45 ± 0.10, 
106 ± 1 and 140 ± 5 µg g-1, respectively. The manganese 
concentration was higher than the one reported for other 
mussel species, from 8.1 to 59 µg g-1 for tissue2,20 and from 
11 to 39 µg g-1 for shell.2 It is important to point out that 
manganese is an essential element which can be actively 
assimilated by plants and animals.38 For magnesium, the 
value found in the whole mussel was 206 ± 4 µg g-1 that 
is in agreement with the one reported in the literature for 
the same species.36 

The barium content in these samples was 143 ± 2 and 
219 ± 7 µg g-1 for tissue and shell, respectively. The 
concentration found in the tissue was higher than the one 
reported in the literature for other mussel species.20

In most studies related to trace element determination in 
mussel species, some elements such as Cu, Cd and Zn receive 
special attention. In this study, the concentration of these 
elements was 10.0 ± 1.1 and 0.84 ± 0.09, 1.19 ± 0.19 and 
0.026 ± 0.006, 80 ± 4 and 3.4 ± 0.9 µg g-1 for tissue and 
shell, respectively. Element concentration in mussel tissue 
is comparable with the recently reported values for the 
same mussel,39 whose concentrations are in agreement with 
reported values (range from 8.7 to 14 and 0.7 to 2.1 µg g-1 for 
Cu and Cd, respectively). However, the Zn concentration was 
higher than the one reported for the same kind of mussel (48 
to 72 µg g-1).39 On the other hand, results found in this study 

Table 1. Operational parameters for element determination by 
ICP-MS and ICP OES

Parameter ICP-MS ICP OES

RF power / W 1300 1500

Plasma gas flow 
rate / (L min-1)

15.0 14.0

Auxiliary gas flow 
rate / (L min-1)

1.2 1.0

Nebulizer gas flow 
rate / (L min-1)

1.13 0.90

Spray chamber cyclonic double pass

Nebulizer concentric cross flow

Sampler and 
skimmer cones

Pt –

Isotopes (m/z) 107Ag, 75As, 111Cd, 
9Co, 53Cr, 63Cu, 

202Hg, 7Li, 55Mn, 
97Mo, 208Pb, 18Sn, 

86Sr, 47Ti, 51V, 66Zn

Wavelength / nm Ag (338.289), Al (167.078), 
As (189.042), B (249.773), 
Ba (455.404), Ca (317.933), 
Cd (214.438), Co (228.616), 
Cr (267.716), Cu (324.754), 
Fe (238.204), Li (460.289), 

Mg (279.553), Mn (257.611), 
Mo (202.030), P (177.495), 
Pb (220.353), S (182.034), 
Sn (189.991), Sr (421.552), 
Ti (336.121), V (292.464), 

Zn (206.191)
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for shell were lower than values reported in the literature for 
other mussel species.2 They ranged from 110 to 180 and 1 
to 2 µg g-1 for Cu and Cd, respectively.

The concentration of V, Cr and Ti was 5.8 ± 0.9, 
9.7 ± 1.0 and 73 ± 7 µg g-1 in tissue and 0.96 ± 0.07, 
5.2 ± 0.6 and 3.8 ± 0.8 µg g-1 in shell. The titanium 
concentration found in the whole mussel was 18.0 ± 2.6 µg g-1,  
being higher than the one found in the literature for 
Limnoperna fortune (from 2 to 7 µg g-1).36 The vanadium and 
chromium concentrations in the tissue of the mussel under 
investigation were higher than the values reported in the 
literature (from 0.29 to 1.7 µg g-1 for V and 0.61 ± 0.08 µg g-1 
for Cr).2,20 In the whole mussel, the Cr concentration 
(10.0 ± 1.1 µg g-1) was in agreement with the one reported 
in the literature for the same species.36 The chromium 
uptake (directly from water) by mussels is likely to be very 
low owing to the limited water solubility of chromium 
compounds found in the environment and strong adsorption 
to sediment under most conditions in the environment.40

Lead is a non-essential element41 that was found in 
concentrations of 7.2 ± 1.1 and 0.20 ± 0.03 µg g-1 for 
tissue and shell, respectively. For tissue, this value was in 

agreement with the one found in the literature for other 
mussel species.42 However, the Pb concentration was lower 
than the values found for shell.42 The lead concentration 
found in the whole mussel was 0.39 ± 0.06 µg g-1, in 
agreement with the literature for the same species.36 The 
distribution of Pb within animals is closely associated with 
their calcium metabolism, thus, its concentration is higher 
in the calcium-rich shell than in the soft tissue.43

The values found for Co and Sr were 1.62 ± 0.22 and 
0.76 ± 0.054 µg g-1 and 49 ± 2.9 and 574 ± 21 µg g-1 for 
tissue and shell, respectively. These values (for tissue 
samples) are in agreement with literature data for other 
mussel species (values ranged from 1.0 to 4.6 µg g-1 for 
Co and 52.2 to 146 µg g-1 for Sr).20 It is important to mention 
that, unlike other elements, the Sr concentration was higher 
in shell by comparison with the tissue of Limnoperna 
fortunei. This fact was also reported in the literature,2 with 
concentrations ranging from 800 to 950 µg g-1 for shell and 
from 60 to 190 µg g-1 for tissue.

For Sn, Mo and Li the values found were 3.4 ± 0.6 and 
13.6 ± 0.4, 1.02 ± 0.18 and 0.21 ± 0.01, and 1.41 ± 0.23 and 
0.013 ± 0.001 µg g-1 for tissue and shell, respectively. By 

Table 2. Results for element concentration (mean ± standard deviation in µg g-1, n = 3) in Limnoperna fortunei (tissue, shell and whole) by MAD for 
sample digestion and determination by ICP OES and ICP-MS 

Element / (µg g-1)
Tissue Shell Whole

ICP OES ICP-MS ICP OES ICP-MS ICP OES ICP-MS

Ag < 1.5 0.140 ± 0.018 < 0.91 < 0.013b < 0.91 < 0.013b

Al 3092 ± 62 nd 158 ± 2 nd 403 ± 7 nd

As < 6.5b 3.5 ± 0.4 < 1.76b 0.29 ± 0.03 < 1.76b 0.64 ± 0.08

B 5.0 ± 0.7 nd 1.45 ± 0.10 nd 1.56 ± 0.33 nd

Ba 143 ± 2 nd 219 ± 7 nd 228 ± 4 nd

Ca 13512 ± 549 nd 358795 ± 8172 nd 328409 ± 7629 nd

Cd 1.35 ± 0.13 1.19 ± 0.19 < 0.141 0.026 ± 0.006 0.20 ± 0.03 0.18 ± 0.01

Co 1.73 ± 0.15 1.62 ± 0.22 < 1.02b 0.76 ± 0.05 0.50 ± 0.07 0.52 ± 0.02

Cr 9.5 ± 0.4 9.7 ± 1.0 5.8 ± 0.2 5.2 ± 0.6 9.8 ± 1.6 10.0 ± 1.1

Cu 10.5 ± 0.3 10.0 ± 1.1 < 2.0b 0.84 ± 0.09 < 2.0b 1.22 ± 0.09

Fe 1881 ± 91 nd 322 ± 17 nd 540 ± 26 nd

Hg a nd 0.070 ± 0.005 Nd < 0.05b nd < 0.05b

Li < 18.9b 1.41 ± 0.23 < 18.9b 0.013 ± 0.001 < 18.9b 0.080 ± 0.006

Mg 651 ± 51 nd 140 ± 5 nd 206 ± 4 nd

Mn 236 ± 5 203 ± 29 106 ± 1 104 ± 6 132 ± 3 153 ± 17

Mo < 1.28b 1.02 ± 0.18 < 1.28b 0.21 ± 0.01 < 1.28b 0.13 ± 0.02

P 9113 ± 357 nd 302 ± 19 nd 1899 ± 60 nd 

Pb 6.6 ± 0.5 7.2 ± 1.1 < 2.7b 0.20 ± 0.03 < 2.7b 0.39 ± 0.06

S 6454 ± 314 nd 1031 ± 88 nd 1961 ± 74 nd

Sn < 18.0b 3.4 ± 0.6 < 18.0b 13.6 ± 0.4 < 18.0b 8.0 ± 1.2

Sr 50 ± 1 49 ± 3 532 ± 52 574 ± 21 475 ± 11 488 ± 64

Ti 73 ± 4 73 ± 7 < 8.0b 3.8 ± 0.8 20.0 ± 0.2 18.0 ± 2.6

V 5.4 ± 0.3 5.8 ± 0.9 0.99 ± 0.07 0.96 ± 0.07 1.44 ± 0.13 1.03 ± 0.09

Zn 82 ± 2 80 ± 4 3.9 ± 0.1 3.4 ± 0.9 11.5 ± 0.3 11.2 ± 0.4 
aDetermination by CV-ICP-MS; bLOQ: limit of quantification (10σ, σ = standard deviation of ten measurements of blank solution), n = 10; nd: not determined.
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comparison with literature data,20 the Sn concentration 
in tissue was higher than the reported one, which ranged 
from 0.003 to 0.31 µg g-1. It is important to mention that, 
as well as for Sr, the Sn concentration in shell was higher 
than in tissue. The molybdenum concentration in tissue was 
in agreement with literature data,20 ranging from 0.233 to 
4.08 µg g-1. The lithium concentration in tissue and shell 
was not found in the literature.

The si lver concentrat ion in this  study was 
0.140 ± 0.018 µg g-1 in tissue, lower than 0.013 µg g-1 
in shell. Although Ag is reported for the first time for 
Limnoperna fortunei, its concentration in tissue is 
consistent with values reported in the literature for other 
mussel species (from 0.020 to 0.15 µg g-1).20

Taking into account the various elements in this study, 
some elements should receive more attention due to its 
high toxicity. Mercury and As are toxic in the aquatic 
environment and harmful to humans.20 In this study, the 
Hg concentration was 0.070 ± 0.005 µg g-1 in tissue while, 
for shell, it was lower than 0.05 µg g-1. Although Hg is 

reported for the first time for Limnoperna fortunei, the 
value found in tissue is in agreement with the one reported 
for other mussel species (from 0.037 to 0.536 µg g-1).20,44 

However, values for shell were not found in the literature. 
The arsenic concentration for tissue and shell was 
3.5 ± 0.4 and 0.29 ± 0.03 µg g-1, respectively, lower than 
the values previously reported for tissue.20,45 Arsenic 
bioaccumulation occurs in aquatic organisms, mainly in 
lower invertebrates. Bioconcentration factors measured 
in freshwater invertebrates for several arsenic compounds 
generally ranged up to twenty.46 It is important to point out 
that no statistical difference (student t-test, p > 0.05) was 
observed between ICP-MS and ICP OES determinations 
for all elements.

The accuracy of the method was evaluated by using 
NIST SRM 1566b (Oyster Tissue) and NIST SRM 1640 
(trace elements in natural water). Results are summarized 
in Table 3, respectively. The agreement with certified values 
for SRM 1566b and SRM 1640 was from 90 to 107% and 
92 to 104%, respectively.

Table 3. Results for element concentration (mean ± standard deviation in µg g-1, n = 3) in SRM 1566b and SRM 1640

Elements / (µg g-1)
SRM 1566b SRM 1640

Found ICP OES Found ICP-MS Certified Found ICP-MS Certified

Ag < 3.1a 0.67 ± 0.04 0.67 ± 0.009 7.6 ± 0.1 7.6 ± 0.2

Al 179 ± 3 nd 197 ± 6 nd nd

As < 9.1a 7.4 ± 0.4 7.7 ± 0.6 26.0 ± 0.3 27.0 ± 0.4

B < 1.45a nd – nd –

Ba 7.8 ± 0.2 nd 8.6 ± 0.3 nd –

Ca 803 ± 11 nd 838 ± 20 nd –

Cd 2.3 ± 0.1 2.5 ± 0.1 2.5 ± 0.1 22 ± 1 23 ± 1

Co < 0.66a 0.36 ± 0.02 0.37 ± 0.01 21 ± 1 20 ± 1

Cr nd 0.64 ± 0.05 – 37 ± 1 39 ± 2

Cu 68 ± 2 69 ± 1 72 ± 2 83 ± 1 85 ± 1

Fe 204 ± 4 nd 206 ± 7 nd –

Li nd 0.33 ± 0.07 0.31 ± 0.01 53 ± 6 51 ± 1

Mg 1077 ± 14 nd 1085 ± 23 nd –

Mn < 21a 18.4 ± 0.9 18.5 ± 0.2 121 ± 4 122 ± 1

Mo < 1.10a 0.22 ± 0.02 – 47 ± 2 47 ± 1

P 7234 ± 75 nd – nd –

Pb < 8.0a 0.24 ± 0.04 0.31 ± 0.01 26 ± 2 28 ± 1

S 6544 ± 39 nd – nd –

Sn < 1.64a 0.028 ± 0.006 0.031 ± 0.008 nd –

Sr 6.9 ± 0.2 6.8 ± 0.5 6.8 ± 0.2 119 ± 1 124 ± 1

Ti 12.7 ± 1.9 10.2 ± 0.8 – nd –

V < 1.25a 0.59 ± 0.05 0.58 ± 0.02 12.9 ± 0.5 13.0 ± 0.4

Zn 1401 ± 18 1402 ± 27 1424 ± 46 49 ± 2 53 ± 1 

aLOQ: limit of quantification (10σ, σ = standard deviation of ten measurements of blank solution), n = 10; nd: not determined.
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The limits of detection and quantification for 
ICP OES and ICP-MS for all elements were calculated 
according to IUPAC recommendations (limits of detection 
(3σ, σ = standard deviation of ten measurements of 
blank solution), n = 10 and limits of quantification (10σ, 
σ = standard deviation of ten measurements of blank 
solution), n = 10). The calibration curves for ICP-MS and 
ICP OES for all elements provided good linearity (correlation 
coefficient of 0.999). The relative standard deviation (RSD) 
after the MAD procedure for tissue and shell ranged from 
0.9 to 16.6% and 2.8 to 20.9% for ICP OES and ICP-MS,  
respectively.

Conclusions

This study demonstrated that element determination in 
Limnoperna fortunei may provide important information 
on environment pollution. Soft tissue and shell samples 
of Limnoperna fortunei mussel are efficient accumulators 
of elements. Results showed that, by using microwave-
assisted wet digestion in closed vessels, it was possible 
to determine 24 elements in tissue, shell and whole 
Limnoperna fortunei, with suitable accuracy. In addition, 
Ag, As, B, Ba, Ca, Co, Hg, Li, Mo, P, S, Sn and V 
were determined for the first time in tissue and shell of 
Limnoperna fortunei.

Supplementary Information

Supplementary data are available free of charge at  
http://jbcs.sbq.org.br as PDF file.
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