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Abstract
The consumption of seafood has increased in recent years, especially in coastal 

regions. The consumption of mussels provides proteins, essential minerals and vitamins, 
and thus, some protection from certain diseases but the risks and benefits of their 
consumption are still hard to assess because of the metals bioaccumulated from the 
marine environment, with their toxicity. Mussels accumulate a wide range of metals, 
included cadmium, in their soft tissue. Cadmium is a heavy metal particularly hazardous 
for human health and is an important pollutant in estuarine and coastal environments. 
Thus, the determination of the concentrations of cadmium in mussels is essential because 
of their usage as seafood and the potential adverse effects of their consumption on 
human health. In order to identify a quick cadmium bioaccumulation marker usable in 
monitoring programs, we analyzed the metal content in Mytilus galloprovincialis gill 
tissues and its relationship with hsp70 expression levels after a laboratory exposure for 
24 h to 1,5; 5 and 10 µM CdCl2 in artificial sea water. Inductively coupled plasma-mass 
spectrometry showed that cadmium content increased in gills tissues in an exposure 
dose-dependent fashion. RT-qPCR, showed that Cd exposure induced hsp70 increase 
resulting in 3,1;10 and 12 fold at 1,5; 5, 10 µM, respectively in comparison with unexposed 
mussels. Finally, hsp70 expression levels correlated with the amount of bioaccumulated 
cadmium in gill tissue, indicating hsp70 as a potential marker, even if not univocally, of 
significative cadmium bioaccumulation usable in environmental monitoring programs 
and for seafood safety. 

Keywords: cadmium; pollution; human health; Mytilus galloprovincialis; hsp70; ICP-MS; 
bioaccumulation; RT-qPCR; gene expression.

Abbreviations: Cd: Cadmium; Hsps: Heat shock proteins; hsp70: Heat shock proteins 70 
gene; ASW: Artificial Sea Water; ICP-QMS: Inductively coupled plasma-mass spectrometry.

Introduction
Cadmium (Cd) is a heavy metal particularly dangerous for human health and is a 

ubiquitous environmental toxicant [1]. About 25,000 tons of Cd are released into the 
environment mainly by weathering of rocks and through forest fires and volcanoes and 
in part through human activities, such as manufacturing nickel-cadmium battery, 
electroplating and paint pigments that utilize Cd. An exposure to significantly higher Cd 
levels occurs also when people smoke. Cd for human health is particularly dangerous for 
kidney, testis and brain but it produces also other health effects as bone fracture, 
reproductive failure and infertility; damage to the immune system; psychological 
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disorders; DNA damage and cancer development [2]. Cd 
emissions are normally transported continually between air, 
water and soils. Much of the Cd entering fresh waters from 
industrial sources may be rapidly adsorbed by particulate 
matter, and thus sediment represents a significant sink for Cd 
emitted to the aquatic environment. Partitioning of Cd 
between the adsorbed-in-sediment state and dissolved-in-
water state is therefore an important factor in whether Cd 
emitted to waters is or is not available to enter the food chain 
and affect human health. In fact a great part of human uptake 
of Cd takes place through food. Foodstuffs that are rich in Cd 
as liver, mushrooms, shellfish, mussels, cocoa powder and 
dried seaweed can significantly increase Cd concentration in 
human bodies. Cd is transported into the lungs by tobacco 
smoke. Blood transports it throughout all the body where it 
can amplify effects by potentiating Cd that is already present 
from Cd rich foods.

The toxic effects induced by Cd include oxidative stress, 
cellular death and inflammation. At the moment, a therapy 
able to neutralize Cd toxicity is still lacking and the 
development of novel therapeutic agents is necessary. In this 
scenario it is therefore particularly important to find new tools 
usable in environmental monitoring programs for the quick 
identification of Cd polluted areas. Ecosystem health have 
been evaluated just by “mussel watch’’ programs including 
the NOAA National Status and Trends (NS&T) through the 
chemical analyses of pollutant levels in marine bivalve tissues 
[3]. Mytilus galloprovincialis has proven very useful for 
monitoring water quality because their soft tissues incorporate 
exposure overtime, even when water concentrations are close 
to measurable levels or when pollutant levels are temporally 
unpredictable [4, 5]. According to Tissue Residue approach 
(TRA) [6] the concentration of a contaminant at the site of 
toxic action is proportional to the concentration of that 
pollutant in the whole body and individual tissues. This 
approach has proven to work very well only for some toxicants 
as chlorophenols and nonpolar organic compounds but not 
for metals because the variety and efficiency of mechanisms 
that have evolved in various species for metal uptake, 
detoxification and internal sequestration [7]. So, in the last 
years, besides the chemical analyses, many monitoring 
programs take advantage also on the use of biomarkers to 
assess environmental health. Heat shock proteins (Hsps), 
acting as molecular chaperones, are constitutively expressed 
in cells and involved in protein folding, assembly, degradation, 
intracellular localization. Their over expression represents a 
ubiquitous molecular mechanism in response to stress.

Hsps are classified into families and amongst them, the 
Hsp70 family appears to be the most evolutionary conserved 
and distributed in animals [8, 9]. Recently we have 
demonstrated that Mytilus galloprovincialis has an excellent 
ability to accumulate Cd in gills tissues, respect to other 
metals, since artificial sea water (ASW) containing CdCl2, after 
laboratory mussels exposure, presents a decrease of Cd 
concentration of about 96-97% [10]. Further we have already 
shown that a positive correlation exists between Cd 

bioaccumulation in Mytilus galloprovincialis gill tissues and 
π-gst expression level [10]. So in this work we have evaluated 
hsp70 expression and Cd bioaccumulation in gill tissues of 
Mytilus galloprovincialis exposed for 24 h to 1,5; 5 and 10 µM 
CdCl2 with the aim to find another biomarker that responds in 
a dose-dependent manner to Cd bioaccumulation usable in 
environmental monitoring programs and for seafood safety.

Cd content in gills tissues was determined using inductively 
coupled plasma-mass spectrometry (ICP-MS) and by real-
time qPCR (RT-qPCR) were evaluated expression levels of 
hsp70 mRNA. 

Methods
Ethics statement

The research described herein was performed on the 
marine invertebrate Mytilus galloprovincialis (Lamarck 1819), 
which is not protected by any environmental agency in Italy. 
This study was conducted in strict accordance with European 
(Directive 2010/63) and Italian (Decreto Legislativo n. 
116/1992) legislation on the care and use of animals for 
scientific purposes.

Mussel samplings, treatments and gill tissues processing
Adult mussels Mytilus galloprovincialis of mixed sex, of 

average size shell length 4.93 ± 0.17 cm, collected in winter, 
were provided by the Cooperative Institute for Regional 
Development and Implementation of mussels I.R.SV.E.M. 
Bacoli, in Naples. Mussels exposure to CdCl2 was performed as 
follows. Four plastic tanks were used and 13 mussels were 
placed in 5 L of 32‰ artificial sea water (ASW) in each tank. 
Following acclimatization for 2 h at 18 ± 1 °C in ASW, mussels 
were exposed for 24 h to three different µM amounts of CdCl2 
(1,5; 5 and 10 µM). Water and CdCl2 were changed every 12 h 
during the treatment. A tank of the four, containing only ASW 
and 13 mussels (unexposed mussels: Ctrl) was used as control. 
For 1,5 µM CdCl2 exposure of mussels for 24, 48, 72 and 96 h, 
were used 2 tanks containing each 20 liters of ASW and 52 
mussels. One tank was used for mussels exposure with 1,5 µM 
CdCl2 and the other was used as control (unexposed mussels: 
Ctrl). The conditions of salinity and temperature in these tanks 
were the same described below for the experiments performed 
only for 24 h with the difference that the tanks were constantly 
aerated measuring by Dissolved Oxygen Meter YSI 58 (Yellow 
Spring Inc. Co., Ohio, USA) that oxygen values were > 90% of 
air saturation. At time 0 h, a ration of Instant Algae Shellfish 
Diet 1800 (Reed Mariculture, Campbell, CA) was added to 
each tank, at the rate of 1 × 106 algae/mL of seawater. Mussel-
feeding was repeated at the same rate at 24 h and then 
reduced to 5 × 105, 5 × 104, 5 × 103 algae/mL of water at 48, 
72, and 96 h, respectively, since 13 mussels were removed 
from each tank for daily testing.

After CdCl2 exposure, individual gills were rapidly rinsed 
in physiological solution, frozen in liquid nitrogen and stored 
at -80 °C until RNA purification and Cd bioaccumulation 
analyses.
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Total RNA extraction, cDNA synthesis and RTqPCR

Total RNA was purified from individual gill using the Trizol 
reagent (Invitrogen) in agreement to the manufacturer’s 
instructions. RNA samples were quantified and their quality 
was checked with the spectrophotometer NanoDropH ND-
1000 and by 1 % agarose gel electrophoretic analysis in 
denaturant condition according to Rave et al. (1979) [11]. 
Equal amounts of RNA obtained from tissues of 5 control 
mussels and 5 mussels exposed to each µM concentrations of 
CdCl2 were used in RT-qPCR analyses. All the total RNA 
extracted were purified to genomic DNA with DNasi reaction 
according to the protocol Ambion DNA-free kit before retro 
transcription to avoid the amplification of contaminant 
genomic DNA. cDNA was synthesized using M-MLV reverse 
transcriptase according to the protocol of Promega Imp Prom 
II kit. Nine µg of RNA from each samples were used to perform 
cDNA syntheses using random examers (0.5µg/µg RNA). 
cDNA diluted 1:3 was applied in RT-qPCR assay, using 0.5 mM 
of each forward and reverse primers in a final volume of 25 µL, 
to determine the expression of hsp70. Gene expression was 
quantified using the SYBR Green PCR Master Mix Kit (Applied 
Biosystems) and specific primers on the 7500 Real Time PCR 
System (Applied Biosystems).

Real-time PCR conditions were: 50 °C for 2 min; 10 min at 
95 °C, followed by 40 cycles of 95 °C for 15 s and 60 °C for 1 
min and then 95 °C for 15 s. We performed the PCR reactions 
using 18S rRNA as internal reference. The primers set used for 
18S rRNA and hsp70 gene were designed using the open 
source software Primer3: (18S rRNA primers F/R: 
GCCACACGAGATTGAGCAAT/CTCGCGCTTACTGGGAATTC; 
hsp70primers F/R: CGCGATGCCAAACTAGACAA/ 
TCACCTGACAAAATGGCTGC. Each primer pair was 
preliminarily subjected to PCR to ensure the presence of a 
single primary amplicon, as evidenced by 2 % agarose gel 
electrophoresis (data no shown). The dissociation curves of 
the RT-qPCR products for all transcripts showed single peaks. 
We calculated the relative gene expression values with the 
ΔΔCT method according to Livak and Schmittgen (2001) [12]. 
In agreement to other authors, we found the expression levels 
of the ribosomal gene 18S essentially stable [13]. All samples 
and the internal reference were run and amplified in triplicate. 
Prior to the relative quantitative analysis, a standard curve was 
produced by using four serial dilutions of the mixed RT 
products from all the dose points and the corresponding 
efficiencies for each primer pair were calculated according to 
the equation E = 10(-1/slope) (correlation coefficients were >0.98. 
Hence, we measured the change in expression of hsp70 
transcripts relative to the reference 18S rRNA in gill tissues 
samples from mussels exposed to Cd in comparison to control 
mussels (unexposed mussels).

Elemental analysis by inductively coupled plasma-mass 
spectrometry (ICP-QMS)

Elemental analysis was performed according to Piscopo et 
al., (2016) [10]. Briefly, 250±100 mg of sample was digested 
with DigiBlock sample preparation system (LabTech, MA, USA) 
using Teflon vessel. Digestions were performed using 10 mL of 

nitric acid (Optima-grade) and 3 ml of 30 % H2O2 (Optima-
grade). Samples were dissolved in 10 mL of 18.2 MΩ cm at 25 
°C H2O with 2 % nitric acid (both optima-grade). Metal 
quantification was carried out with a quadrupole inductively 
coupled plasma-mass spectrometry, ICP-QMS (820MS, Bruker). 
Standard stock solution of 20.00 mg/L was used for calibration. 
Calibration curves were obtained using 9 standard solutions. 
Reagent blanks containing ultra-pure water were additionally 
analyzed in order to control reagent purity and laboratory 
equipment. Metals quantification were performed using 10 
µg/L internal standard solution (6Li, 45Sc, 72Ge, 89Y, 103Rh, 159Tb, 
165Ho, 209Bi). Blank samples (water with 2% nitric acid) and at 
least 2 standard samples were analyzed every 10 samples. In 
order to control the accuracy of analysis every 10 samples, 
certified reference of NIST bovine liver was also analyzed.

Statistical analysis
Statistical analysis was performed using Statistica software 

(StatSoft, Oklahoma, USA) and Minitab (Minitab Inc, Pennsylvania, 
USA). After multiple attempts to normalize the data (e.g., natural 
log, square root, inverse transformations), non-parametric 
statistical tests were employed (normality was tested via Shapiro-
Wilk test). The comparison between groups was made with the 
Rank Sum Test, according to Mann-Whitney or by means of 
analysis of variance on rank preformed single way (according to 
Kruskal-Wallis), also using the post hoc test of Dunn. The alpha 
value was set to 0.05. Correlations between data were analyzed 
with a Spearman’s rank correlation (α = 0.05).

Results & Discussion
In recent years, many factors, but most of all, anthropogenic 

activities have increased contamination of aquatic environment 
and since a large fraction of contaminants can be transferred 
through the food chain, this makes them a potential threat to 
entire ecosystems and even human beings [14, 15]. As metal 
pollutants contamination increases, particularly in less 
developed countries, it is important to determine the level of 
pollution in the marine environment, especially in regions 
where aquaculture is foreseen and where the local population 
consumes large amounts of mussels. For its persistent nature, 
long distance transport and toxicity to aquatic organisms, 
aquatic pollution by cadmium is a real hazard to the environment 
and human health [16]. Mytilus galloprovincialis represents an 
important sentinel species for monitoring changes in coastal 
ecosystems thank to its ability to accumulate various 
contaminants, included metals [17, 18] and in fact has been 
extensively used in various mussel watch programs. Although 
eating mussels provides proteins, essential minerals and 
vitamins, protecting from certain diseases, the risks and benefits 
of their consumption are still difficult to evaluate for the metals 
bioaccumulated from the marine environment, with their 
toxicity considering also that the tolerable Cd weekly intake 
(TWI) is 2.5 µg/kg body weight set by the European Food safety 
Authority (EFSA) in 2009. Transcriptomic, proteomic, and 
metabolomic biomarkers are likely to be among the first 
responses to contaminant stress. So, over the past 10 years, 
‘‘omic’’ approaches have allowed the identification of novel 
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biomarkers [19, 20] which are of great potential value to marine 
monitoring programs. Induction of Hsps is considered as an 
important protective, ecophysiologically adaptive, and 
genetically conserved response to environmental stress in all 
organisms. Hsps are responsive not only to transient sublethal 
heat shock but also in the resistance toward hypoxia, ischemia, 
inflammation, and exposure to such cellular toxins as heavy 
metals, endotoxins, and reactive oxygen species [21]. Among 
the various hsp isoforms, hsp70 is often the prominent protein 
to be expressed following environmental assaults [22] and its 
response is not only dependent on the type of pollutant, 
species, duration, concentration, but also organ-specific [23]. 
The gills are the most important uptake site for waterborne 
cadmium [24]. They are sensitive to several changes of water 
components and represent a good indicator of water quality 
since gill filaments and lamellae provide an extremely large 
surface area for direct and continuous contact with contaminants 
in water. For fishes the concentration of metals in gills indicates 
heavy metal past exposure in water where the marine organism 
lived [25]. People are often exposed to Cd, so in this work, to 
analyze the possibility that hsp70 could to be a Cd 
bioaccumulation marker usable in monitoring programs and 
for seafood safety, we have evaluated Cd bioaccumulation and 
hsp70 expression levels in gill tissues of Mytilus galloprovincialis 
specimens exposed for 24 h to 1,5; 5 and 10 µM CdCl2. In this 
study we have chosen three CdCl2 concentrations. Two of these 
values (1.5 and 5 µM) fall within the limits of survival for 
estuarine/marine invertebrate aquatic life while 10 µM fall in 
the chronic toxicity (Aquatic Life Ambient Water Quality Criteria 
- Cadmium 2016 - EPA)

The analyses performed by ICP-MS show that the exposure 
for 24 h to individual µM amounts of CdCl2 results in 
bioaccumulation of Cd in Mytilus galloprovincialis gill tissues 
(Figure 1). Cd bioaccumulation shows a linear grow up with 
the exposure dose. 

Figure 1. Cd bioaccumulation in gill after mussels exposure 

Cd bioaccumulation in gill tissue of Mytilus galloprovincialis 
specimens exposed for 24 h to 1,5; 5 and 10 µM CdCl2. 
Analyses were performed by ICP-QMS. Ctrl means unexposed 
mussels used as control. The values are expressed on the wet 
weight basis. N = 5; Asterisk indicates a statistically significant 
difference (p<0.05) compared to Ctrl. Cd bioaccumulation in 
Mytilus galloprovincialis gills shows a linear increase with 
exposure dose. 

In order to evaluate gill tissues hsp70 expression changes 
induced by exposure of mussels for 24 h to increasing µM 

amounts of CdCl2 we performed RT-qPCR analyses and Figure 
2 reports the results obtained and shows that the exposure to 
CdCl2 produced 3,1;10 and 12 fold increase of gill hsp70 
expression at 1,5; 5, 10 µM respectively respect to Ctrl.

Figure 2. hsp70 expression in gill after mussels exposure

hsp70 expression level of gill tissue of Mytilus 
galloprovincialis specimens exposed for 24 h to 1,5; 5 and 10 
µM CdCl2. Analyses were performed by RTqPCR. The relative 
expression of hsp70, indicated as arbitrary units (u.a.), means 
the change in expression of the transcripts of hsp70 gene in 
comparison to that of the reference housekeeping 18S rRNA 
gene in gill samples from mussels exposed to CdCl2 with 
respect to unexposed mussels used as control: (Ctrl); N = 5; 
asterisk indicates a statistically significant difference (p>0.05) 
compared to Ctrl. hsp70 expression in Mytilus galloprovincialis 
gills shows a linear increase with exposure dose.

hsp 70 up-regulation that we found, following mussels 
exposure to CdCl2 , is in line with the results reported by many 
other authors both in mussels [26, 27] and in other organisms 
as in the snail Physa acuta [28] and in the planarian Dugesia 
japonica [29] after cadmium exposure also if, almost in all 
cases, hsp 70 up regulation has been evaluated and found 
only at higher doses respect to those used in our study.

Finally we checked whether there was a correlation 
between Cd bioaccumulation and hsp70 expression in Mytilus 
galloprovincialis gills tissues and found that, Cd bioaccumulation 
shows an excellent correlation with the increase of hsp70 
expression with an R2 value of 0.9937 (Figure 3).

Figure 3. Correlation between Cd biaccumulated and hsp70 
expression in gill tissue 

https://www.google.it/url?sa=t&rct=j&q=&esrc=s&source=web&cd=12&ved=0ahUKEwjLpsGvhfPWAhUKcRQKHTmXCHs4ChAWCC0wAQ&url=https%3A%2F%2Fwww.epa.gov%2Fsites%2Fproduction%2Ffiles%2F2016-03%2Fdocuments%2Fcadmium-final-report-2016.pdf&usg=AOvVaw3aNUVFdqWYIrYVrUvfcyZq
https://www.google.it/url?sa=t&rct=j&q=&esrc=s&source=web&cd=12&ved=0ahUKEwjLpsGvhfPWAhUKcRQKHTmXCHs4ChAWCC0wAQ&url=https%3A%2F%2Fwww.epa.gov%2Fsites%2Fproduction%2Ffiles%2F2016-03%2Fdocuments%2Fcadmium-final-report-2016.pdf&usg=AOvVaw3aNUVFdqWYIrYVrUvfcyZq
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Correlation between Cd concentrations and hsp70 mRNA 
expression in gill tissue of Mytilus galloprovincialis (log 
transformed). The line represents the model that better 
describe the data variation. R represents the coefficient of 
determination. The amount of Cd bioaccumulated in Mytilus 
galloprovincialis gills correlates with hsp70 gene expression. 

Then, in this investigation, changes in hsp70 mRNA 
expression in gill of Mytilus galloprovincialis exposed to CdCl2 
revealed that this gene can be used as a promising biomarker 
for Cd contamination in this species also at sub-lethal 
cadmium doses. In fact the expression of this gene not only 
increases in a dose dependent manner but there is an excellent 
correlation between Cd bioaccumulation and hsp70 
expression. Since cadmium is known to produce toxic effects 
also already at very low concentrations it’s very important the 
prompt identification of sub-lethal cadmium doses especially 
to reduce Cd health risk to heavy mussel consumers. Of course 
it’s very important the evaluation of hsp70 mRNA in response 
to longer exposure to lower concentration of Cd, that could 
better mimic a real condition of water contamination. Since 
the average Cd content in the world’s oceans has variously 
been reported as low as <5 ng/L [30] and 5-20 ng/L [31, 32] 
to as high as 110 ng/L [33], 100 ng/L [34] and 10 to 100 ng/L 
[35]. Further, higher levels of Cd have been reported around 
some coastal areas [35] and have been quantified also 
differences of Cd concentration with the ocean depth, likely 
due to patterns of nutrient concentrations [30, 31] but the 
majority of variations are quoted for Cd contents of rainwater, 
fresh waters, and surface waters in urban and industrialised 
areas. Taking into account all this data, levels from 10 ng/L to 
4000 ng/L have been quoted in literature depending on 
specific location and whether or not total Cd or dissolved Cd 
is measured [30, 31, 35]. As already stated, Cd may be present 
in the environment both from natural and anthropogenic 
sources. In open seawater Cd varies between 0.02 and 0.1 
μg/L, but in environments impacted by human activities, 
concentrations can be several micrograms per liter or greater 
[36] because the emission ratio of anthropogenic to natural 
Cd can be as high as 7:1 [36]. In saline waters cadmium is 
mainly complexed by chloride. The Cd cation is the most 
bioavailable chemical form but several factors affect Cd 
bioavailability in water included salinity, pH, dissolved organic 
carbon, and water hardness (calcium and magnesium). In 
sediments, humic material and acid volatile sulfides (FeS) will 
be important controls on Cd bioavailability. Other ions that 
can affect Cd uptake or toxicity include manganese, zinc, and 
selenium [37]. Then, considering all this, we thought that 
CdCl2 concentration that could better mimic a real condition 
of sea water contamination, between the three considered in 
this paper might be 1.5 µM. So we exposed mussels for 24, 48, 
72 and 96 h at this CdCl2 concentration and evaluated the 
level of gills hsp70 expression every day. In fig. 4 is reported 
the result obtained by qPCR analyses which shows that the 
exposure of mussels at this CdCl2 concentration produces a 
gill hsp70 expression level almost constant in a range of time 
of 4 days.

Figure 4. hsp70 expression in gill after mussels exposure at 1,5 µM 
CdCl2 for 24, 48, 72 and 96 h

hsp70 expression level of gill tissue of Mytilus 
galloprovincialis specimens exposed for 24, 48, 72 and 96 h to 
1,5 µM CdCl2. Analyses were performed by RTqPCR. For this 
experiment were used 2 tanks containing each 20 liters of 
ASW and 52 mussels (one used as control and the other for 
mussels exposure to 1,5 µM CdCl2 ). For daily testing 13 
mussels were removed from each tank. 

The relative expression of hsp70, indicated as arbitrary 
units (u.a.), means the change in expression of the transcripts 
of hsp70 gene in comparison to that of the reference 
housekeeping 18S rRNA gene in gill samples from mussels 
exposed to CdCl2 with respect to unexposed mussels used as 
control: (Ctrl); N = 5; asterisk indicates a statistically significant 
difference (p>0.05) compared to Ctrl. hsp70 expression in 
Mytilus galloprovincialis gills shows a costant value in the 
range 24- 96 h.

Of course, it will be very interesting to continue these 
studies and further investigate by carrying out mussel CdCl2 
exposure for much longer times and even at lower CdCl2 
concentrations so that this could be the subject of future 
investigations. 

In conclusion, our results could provide a further diagnostic 
tool for Cd pollution evaluation using Mytilus galloprovincialis 
gill tissue that could be useful in ecotoxicological studies, risk 
assessment and bioremediation and could be a promising 
tissue for further biomarkers identification. Finally, these results 
will contribute to a better insight of Cd toxicity in the aquatic 
environment. 

Conclusions
The present study demonstrated the inducibility of Mytilus 

galloprovincialis gill hsp70 by cadmium, a relevant 
environmental contaminant, also at non-lethal levels. Further 
a positive correlation exists between cadmium concentration 
in gill of Mytilus galloprovincialis and hsp 70 expression 
suggesting that hsp70 in Mytilus galloprovincialis could be a 
suitable biomarker, even if not univocally, of significative 
cadmium bioaccumulation in Mytilus galloprovincialis gill 
tissue usable in monitoring programs and for seafood safety. 
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