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Abstract
The occurrence of traces elements (V, Cr, Mn, Co, Ni, Cu, Zn, Cd, Hg, Sb, As,
Tl, Pb, Sn, U and Se) in individuals of Helix aspersa from five sites of Campania region was studied. They are representative primary consumers in the terrestrial ecosystem and useful key indicator species to evaluate the environmental impact of chemicals on our lands. Each sample was analyzed by inductively coupled plasma-mass spectrometry (ICP-MS) after a microwave assisted
digestion procedure. Sentinel snails allowed us to have information about the
bioavailability of these elements into the environment similar in the main part
of the regional land. Results indicated that elemental concentrations in all
snail samples were significantly low. But within the five selected areas, the
amount for each element was higher in the area of Caserta. Even though
maximum admissible limits from European regulation are not even defined
for these matrices, the area of Caserta represents a territory where environmental contamination may represent a high risk for human and animal
health.
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1. Introduction
In the last years, there has been a growing attention of the public opinion to the
contamination of terrestrial environment and consequently to the quality of
both vegetable origin products and food derived from animal bred in potentially
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contaminated areas.
In Southern Italy, this phenomenon regards particularly the lands of Campania Region (Area of Napoli and Caserta) after the discovery of the practice of illegal spillage of toxic waste and of uncontrolled and indiscriminate burning of
waste along the roads bordering cultivated fields.
Consequently, in order to protect the consumer’s health, in particular for
people who live in areas close to the contaminated lands, different chemical
analysis methods have been applied to provide indication concerning the environmental contaminants, such as heavy metals and metalloids [1].
Soils are the major collector for heavy metals released into the environment by
anthropogenic activities. Heavy metals contamination of soil may pose risks and
hazards to humans and the ecosystem through the food chain, drinking of contaminated ground water, reduction in food quality (safety and marketability),
reduction in land usability for agricultural production causing doubts on food
security, and land tenure problems [2] [3] [4] [5].
In the framework of ecotoxicology and ecological risk assessment, mollusks
have been extensively studied as biomonitors of environmental contamination
by metals. They can be considered efficient bio-indicators and bio-accumulators
[6].
Some mollusks species accumulate large amounts of heavy metals and reflect
the bioavailable environmental levels. For example, between mollusks, bivalve
shellfish have long been used as bio-indicators of contamination in aquatic environments, rather than other groups of animals, like the case of Mytilus spp and
of freshwater species Uniopictorum, Lampsilis ventricosa and Corbicula spp [7].
For the terrestrial environment, the snails, pulmonate gastropod mollusks, can
be considered efficient sentinels to evaluate the presence of metals into the environment because for them there are so many factors that affect the accumulation
of metals. They exhibit an extremely limited mobility or are completely sessile as
adults. Due to the lack of an exoskeleton, as it is present in arthropods, mollusks
are in direct contact with the ambient medium (water or soil). Therefore, these
mollusks reflect the contamination of their habitat ideally. Biomonitoring attempts with snails have found an increasing interest during the last decade and a
number of promising projects have already been conducted [6]. The relationships between concentrations of metals in snails and in soils have been well studied in controlled conditions as well as on the field [8]-[13].
In light of the events that have involved the lands of Campania region, concerning the environmental contamination, we decided to use snails of Helix as-

persa species, already confirmed as useful metal pollution sentinels [14] [15], in
order to provide consumers of fruit and vegetables of this territory, an indication
of the quality and safety of soils where these foods are produced. Helix aspersa
species is native to Europe but it has been introduced in several parts of the
world where it has become both a pest for crops and gardens and a food item
[16] [17].
This species is selected because it is relatively abundant and well spatially disOALib Journal
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tributed over the study area. It is so common that it is one of the most proliferated terrestrial mollusks. The data collected on these primary consumers may
provide an indication of the metal contamination of the soil-plant system in
Campania region for a human and ecological risk assessment.

2. Materials and Methods
This study was carried out in the Campania Region of Italy that covers an area of
about 13.600 km2. Samples were collected in the five districts of the region with
particularly regards to the areas of the Napoli (NA) and Caserta (CE). These are
not only the most populated and industrialized areas of the region but their
lands are also the most studied because were mainly involved in the illegal waste
dumping in compare to the remaining areas of Benevento (BN), Avellino (AV)
and Salerno (SA). Consequently, sites of sample collection were mainly distributed in these areas, and in their neighboring lands.
Twenty adult specimens of Helix aspersa (mean weight: 10.2 g; mean shell
diameter: 27.8 mm) were collected during the august 2015 at each sampling site,
transported in the laboratory in coolers the same day. In particular, 622 samples
of snails were picked up from cultivated lands distributed on all the Campania
Region territory: 171 samples come from the area of Naples, 156 from Caserta,
115 from Benevento, 111 from Avellino and 69 from Salerno (Figure 1).
Analysis of the total trace element content was carried out using 6020 method
of the Environmental Protection Agency [18]. The method measures ions pro-

Figure 1. Geografical distribution of the Helix aspersa collection points in the five areas
of Campania region.
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duced by a radio-frequency inductively coupled plasma. Analyte species originating in a liquid are nebulized and the resulting aerosol transported by argon
gas into the plasma torch. The ions produced are entrained in the plasma gas
and introduced, by means of an interface, into a mass spectrometer. The ions
produced in the plasma are sorted according to their mass-to-charge ratios and
quantified with a channel electron multiplier. After three wash with deionized
water, the whole soft tissue was removed from each shell for the analysis. We selected the whole body (soft tissues and foot) because this corresponds to potential consumption by humans and to have a complete indication of the soil-plant
system contamination.
Samples were homogenated and heated at 40˚C for 24 h. Up to 0.25 g of each
sample was weighed into 7 mL PFA Teflon micro-vials (CEM. Matthews, NC,
USA), 4 mL of ultrapure HNO365% (Sigma-Aldrich) and 1 mL di H2O2 30%
(Sigma-Aldrich) were added to each vessel before re-capping. Blank samples of
acid were alsocarried through the digestion procedure.Microwave vessels were
loaded into a Milestone high pressure microwave (Ethos Touch model). The
temperature was first ramped to 120˚C over 3 min, with awaitof1 min. And then
ramped to 175˚C over 2 min, with a wait of 12 min. Vessels were allowed to cool
to room temperature prior to opening. Digested samples were transferred in to 7
mL polytetrafluoroethylenetubes and weighed. Samples were diluted with 50 mL
of ultrapure water filtered using a 0.45 um filter and transferred into a vial for
autosampler. Metal concentrations in snail soft bodies were analyzed by inductively coupled plasma-mass spectrometry (ICP-MS) (Agilent HP7500). The
ICP-MS measurements were performed using the following conditions: air-carrier gas-flow rate was 0.98 L/min; auxiliary gas flow rate was 0.8 L/min; cooling
gas flow rate was 16.0 L/min; RF power was 1200 W. Precision of the analysis
was calculated using three in-house replicates. Accuracy was determined using
in-house reference materials.
Mean and standard errors were determined for all variables. Data are expressed by the median, minimum and maximum. Multivariate analysis was assessed between the five sites through determination of Pearson correlation coefficients and the Principal Component Analysis (PCA) using the XL-STAT 2016
software by Microsft Excel.

3. Results and Discussions
Samples of snails of Helix aspersa specie were collected from five areas of the
territory of Campania region. They were used to define the amount of a wide
range of elements such as those commonly found at the contaminated sites (Pb,
Cr, As, Cd, Hg and Ni), some less abundant but still toxic (V, Tl, Sb, Sn and U)
and elements as Cu, Zn, Se, Mn and Co, commonly defined as plant nutrients.
The determined concentrations are reported in Table 1 as median values for
each element.
The elements Mn, Zn, Ni, Cu, Se and Co are considered essential for living
organisms: they are important in plant nutrition as essential crop micronOALib Journal
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Table 1. Median, minimum and maximum range of elemental concentrations of the snails groups from the five areas of Campania
region (mg∙kg−1).
Trace element

Caserta

Napoli

Avellino

Benevento

Salerno

Sb

0.093 (0.008 - 4.0)

0.056 (0.007 - 5.0)

0.008 (0.007 - 0.3)

0.035 (0.007 - 1.4)

0.020 (0.007 - 1.1)

As

0.358 (0.022 - 7.9)

0.126 (0.041 - 1.3)

0.068 (0.020 - 1.0)

0.105 (0.021 - 2.3)

0.069 (0.020 - 4.8)

Cd

0.781 (0.099 - 19.0)

0.682 (0.200 - 6.4)

0.923 (0.184 - 2.6)

0.496 (0.051 - 4.3)

0.627 (0.229 - 2.1)

Co

0.472 (0.064 - 10.6)

0.152 (0.068 - 3.6)

0.197 (0.071 - 5.2)

0.266 (0.078 - 0.7)

0.177 (0.067 - 3.7)

Cr

0.900 (0.1 - 32.8)

0.400 (0.1 - 34.3)

0.300 (0.1 - 3.0)

0.500 (0.01 - 2.1)

0.300 (0.01 - 5.9)

Mn

62.5 (4.5 - 3340)

14.4 (2.1 - 2320)

34.5 (10.0 - 499)

52.1 (5.1 - 351)

23.6 (4.4 - 1440)

Hg

0.011 (0.009 - 1.6)

0.012 (0.007 - 0.2)

0.009 (0.009 - 0.1)

0.010 (0.008 - 0.1)

0.009 (0.009 - 0.1)

Ni

1.440 (0.362 - 18.4)

0.814 (0.310 - 11.8)

0.677 (0.335 - 8.4)

0.685 (0.324 - 3.2)

0.800 (0.302 - 18.2)

Pb

3.66 (0.072 - 391.0)

0.653 (0.073 - 23.1)

0.199 (0.082 - 7.4)

0.643 (0.081 - 10.2)

0.221 (0.030 - 20.2)

Cu

35.9 (0.9 - 1740)

87.8 (10.8 - 3340)

20.9 (6.4 - 166)

37.3 (10.1 - 899)

18.2 (4.6 - 185)

Se

0.508 (0.028 - 2.09)

0.182 (0.048 - 1.490)

0.697 (0.052 - 2.890)

0.072 (0.026 - 0.309)

0.191 (0.027 - 1.95)

Sn

0.185(0.058 - 4.85)

0.143(0.033 - 1.490)

0.108(0.060 - 8.37)

0.142(0.065 - 2.58)

0.123(0.068 - 1.01)

Tl

0.141 (0.016 - 1.36)

0.070 (0.007 - 1.58)

0.019 (0.005 - 2.02)

0.095 (0.015 - 14.3)

0.025 (0.006 - 1.39)

U

0.174 (0.005 - 3.440)

0.049 (0.007 - 0.745)

0.023 (0.002 - 0.326)

0.045 (0.004 - 0.201)

0.021 (0.001 - 1.350)

V

1.635 (0.069 - 57.1)

0.496 (0.097 - 3.3)

0.428 (0.087 - 5.6)

0.611 (0.07 - 3.2)

0.273 (0.047 - 32.1)

Zn

81.1 (3.3 - 9730)

56.1 (12.0 - 968)

30.1 (15.7 - 169)

57.5 (14.0 - 407)

27.5 (9.6 - 152)

trients. Nickel is an element that occurs in the environment only at very low levels and is essential in small doses, but it can be dangerous when the maximum
tolerable amounts are exceeded. Its concentration is generally low in our samples, ranging between 0.677 mg∙kg−1 of Avellino to 1.440 mg∙kg−1 of Caserta, with
some maximum values of around 18 mg∙kg−1 for the Caserta and Salerno areas.
Snails bio-accumulate highest levels of the other three elements: Cu value range
from 18.2 mg∙kg−1 of the Salerno area to 87.8 mg∙kg−1 of the area of Napoli; Zn
value range from 27.5 mg∙kg−1 of the Salerno area to 81.1 mg∙kg−1 of the area of
Caserta; Mn value range from 14.4 of the Napoli area to 62.5 mg∙kg−1 of the area
of Caserta. These values are in line with what reported by Albanese [19] in their
study of sediment samples from Campania region. Thanks to the direct contact
with soil, metal concentration in snails reflects the distribution of these data on
soil. Their geochemical maps showed that the baseline values for Cu ranged
from 5 mg∙kg−1 to 157 mg∙kg−1, with high values for the areas south of Mt. Vesuvius (Napoli), the Cilento area (Salerno) and the territorial belt from the northern side of Mt. Taburno (Benevento) to the southern part of the city of Avellino.
All these territories are rich in flourishing vineyard crops: our results in snails
are in line with the assumption that soil copper values are certainly influenced
by the Cu-sulfate intensely used in viticulture.
Also for Zn. baseline value lower than 82 mg∙kg−1 can be assumed to represent
the natural background for the whole Campania region, especially for those
areas where siliciclastic and alluvial deposits outcrop. In fact, zinc occurs natuOALib Journal
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rally in soil (about 70 mg∙kg−1 in crustal rocks) [20] and is abundant in sedimentary materials and clayey soils [21], such as alluvial and alluvial-colluvial soils.
Even though our values are under the media for the territory of Campania, it is
the most abundant element in snails (total median value of 44.5 mg∙kg−1), therefore the fact that Zn concentrations are rising unnaturally due to anthropogenic
additions is indisputable. Most Zn could increase during industrial activities,
such as mining, coal, and waste combustion and steel processing. Industrial
sources or toxic waste sites may cause the concentrations of Zn in drinking water to reach levels that can cause health problems.
Selenium and Cobalt concentrations are also lower in compare to the baseline
value found for these elements in the soil, with the difference of a Se prevalence
in snail samples respect to Co.
Between the most common heavy metals generally found at contaminated
sites there are also the not essential elements Pb, Hg, Cd, As and Cr [22]. Lead,
one of the most important decay products of U and Th, is well known to be toxic
and its effects have been more extensively reviewed than the effects of other trace
metals. Lead can cause serious injury to the brain, nervous system, red blood
cells and kidneys [23]. Exposure to lead can result in a wide range of biological
effects depending on the level and duration of exposure. The most serious source
of exposure to lead is through direct ingestion (eating) or inhalation of contaminated soil or dust. Our results are lower than those reported for the soil samples of Campania region (from 5 to 51 mg∙kg−1).
From the same periodic table group of Cd and Zn, mercury is a naturally occurring element found in air, water and soil, whose exposure–even small
amounts–may cause serious health problems. Fortunately, it is the metal less
present in our samples (from 0.009 to 0.012 mg∙kg−1) for each site of the region.
Together with Pb and Hg, cadmium is one of the big three toxic heavy metal
and is not known for any essential biological function. Its presence into the environment is generally related to human activities and, in spite of its low soil
content, Cd is toxic at much lower concentrations than the other elements. Because it is directly below Zn in the periodic table, it has a chemical similarity to
that of Zn, an essential micronutrient for plants and animals. This may account
in part for Cd toxicity because of the Zn substitution by Cd may cause the malfunctioning of metabolic processes [24]. The mean Cd values range from 0.496
mg∙kg−1 of the Benevento snail group to 0.923 mg∙kg−1 of those from Avellino
(Figure 2).
Most of the regional territory has moderate Cd baseline values below 0.43
mg∙kg−1 and highest value can be related to the natural background of regional
volcanoclastic deposits, as previously reported by Albanese [19]. Snails are able
to sequestrate and detoxify Cd via complexation to specific cadmium metallothioneins and hence can accumulate Cd far above environmental concentrations
without showing any metabolic disorders [25]. Cd results in snails (mean value
0.710 mg∙kg−1) appear high only when compared with data from other countries,
such as France [8], where the presence of this element is around 0.55 mg∙kg−1
OALib Journal
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Figure 2. Box and whiskers plot for Cd concentrations in the five areas of Campania Region with the exception of the three highest values of Caserta (CE) (10.5, 15.7, 19
mg∙kg−1).

also taking into consideration snails reared in some contaminated areas. This
could be probably due to the application of agricultural inputs such as fertilizers,
pesticides, the disposal of industrial wastes or the deposition of atmospheric
contaminants that increases the total concentration of Cd in soils and the bioavailability in plants. On the contrary, the other metal concentrations are in
general lower than the results founded in the viscera of snails from France where
mean values of Zn, Cu and Pb are about 473.8 mg∙kg−1, 138.8 mg∙kg−1 and 36.1
mg∙kg−1 respectively.
The metalloid arsenic occurs in a wide variety of minerals, highly correlated to
the pyroclastic deposits that generally cover carbonate rocks outcropping mostly
in the North West and southeast sector of the region [19]. It is, in fact, more
abundant in the Caserta area that is in the North West side of region (median
value of 0.358 mg∙kg−1 with a maximum of 7.9 mg∙kg−1).
Cr concentration, that is generally due to anthropogenic activities, ranged
between 0.900 mg∙kg−1 of Caserta to 0.300 mg∙kg−1 of Avellino and Salerno,
which are confirmed as the less contaminated areas.
More toxic to humans than mercury, cadmium, lead, copper or zinc is thallium (Tl), a rare but widely dispersed element. All forms of thallium are soluble
enough to be toxic to living organisms [26]. Human contamination can occur
from oral ingestion as well as through the skins and lungs, especially if exposed
to thallium-contaminated dust from lead and zinc smelting plants, pyrite burners, and similar processing sites [27]. The median content is low (0.070 mg∙kg−1)
in all the investigated areas, with only a maximum outlier value of 14.3 mg∙kg−1
in some snails collected from the territory of Benevento.
The amounts of the only actinide element, uranium, are instead comparable
in all the regional territory, ranging from 0.021 mg∙kg−1 of Salerno to 0.174
mg∙kg−1 of Caserta.
For the other elements (Sb, Sn and V) is still observed the same trend of the
others, with a prevalent presence in the Caserta area, particularly for Vanadium
OALib Journal
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that is more than two time abundant respect to Benevento (median value of
1.635 mg∙kg−1 Caserta-0.611 mg∙kg−1 Benevento).
Statistical analysis between the trace elements assessed through the determination of Pearson correlation coefficients.
Table 2 shows the correlation matrix of the selected elements. It shows the linear relationship between two sets of data. The closer the value gets to zero, the
greater the variation the data points are around the line of best fit. The correlation coefficient between most elements was higher than 0.9, which indicates a
strong linear correlation at the 0.01 significance level and a common origin of
these metals. Between the three more abundant elements (Zn, Mn and Cu) a
positive correlations is exhibited only between Zn-Mn, explaining that they naturally occur at abundant levels and are thus barely affected by human activities.
The lack of significant linear correlation between Cd, Cu, Se and the other elements suggests that their sources were quite different from those of the others.
Multivariate analysis was assessed between the five sites through the Principal
Component analysis (PCA) in order to identify metals having similar distribution patterns.The significant principal components (PCs), linear combinations
of the observed variables,with VARIMAX normalized rotation,were selected accounting to the Kaiser criterion [28]: only variables with eigenvalues > 1 were
retained for further analysis (Table S1 in Supporting information).
Table 3 shows the factor loadings of the trace elements from the PCA.
Table 2. Pearson’s correlation matrix of the selected trace elements in snails from Campania region.
Metal

Sb

As

Cd

Co

Cr

Mn

Hg

Ni

Pb

Cu

Se

Sn

Tl

U

V

Sb

1

As

0.931

1

Cd

−0.032

0.180

1

Co

0.761

0.923

0.118

1

Cr

0.937

0.980

0.064

0.929

1

Mn

0.470

0.671

−0.016

0.896

0.737

1

Hg

0.861

0.659

−0.003

0.361

0.677

0.048

1

Ni

0.886

0.972

0.228

0.876

0.909

0.571

0.592

1

Pb

0.906

0.997

0.182

0.946

0.976

0.712

0.603

0.973

1

Cu

0.428

0.106

−0.183 −0.209

0.164

−0.398

0.815

0.020

0.035

1

Se

−0.018

0.263

0.960

0.299

0.167

0.237

−0.114

0.290

0.282

-0.377

1

Sn

0.976

0.938

−0.147

0.844

0.963

0.617

0.750

0.883

0.926

0.288

−0.077

1

Tl

0.906

0.871

−0.230

0.843

0.946

0.725

0.686

0.759

0.863

0.279

−0.119

0.961

1

U

0.923

0.999

0.173

0.936

0.984

0.700

0.641

0.966

0.998

0.086

0.266

0.938

0.880

1

V

0.880

0.985

0.194

0.965

0.984

0.778

0.575

0.933

0.991

0.019

0.315

0.911

0.883

0.991

1

Zn

0.939

0.878

−0.136

0.794

0.947

0.637

0.791

0.760

0.859

0.408

−0.064

0.956

0.984

0.882

0.878

Zn

1

High correlation: 0.5 to 1.0 or -0.5 to 1.0. Medium correlation: 0.3 to 0.5 or −0.3 to 0.5. Low correlation: 0.1 to 0.3 or −0.1 to −0.3.
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Table 3. The rotated component matrix of elements in snails from Campania Region
(PCA factor loadings greater than 0.32 are shown in bold).
F1

F2

F3

Sb

0.283

−0.156

0.112

As

0.295

0.062

0.054

Cd

0.020

0.433

0.539

Co

0.275

0.183

−0.189

Cr

0.298

0.006

−0.017

Mn

0.211

0.225

−0.409

Hg

0.207

−0.321

0.380

Ni

0.277

0.100

0.081

Pb

0.293

0.093

0.014

Cu

0.052

−0.483

0.420

Se

0.048

0.514

0.367

Sn

0.289

−0.131

−0.057

Tl

0.280

−0.143

−0.155

U

0.295

0.070

0.033

V

0.293

0.112

−0.010

Zn

0.280

−0.165

−0.022

The first two factors allow us to represent 87.52% of the initial variability of
the data. In the interpretation of PCA patterns, factor loadings between 0.71 and
0.32 are typically considered medium. While those less than 0.32 are regarded as
poor [29]. The PCA loadings for the first two rotated components are plotted in
Figure 3.
The Biplot represent the observations and variables simultaneously in the
space and visually illustrates the associations among these elements in the five
sites of Campania Region. Samples from CE area are all grouped in the positive
side of PC1, and mainly consist of variable Mn, Co, Ni, V, As, Cr (positive side
of PC2), Zn, Sn, Sb and Tl (negative side of PC2), which presents the highest
concentrations in these samples. Highest concentration of Cd and Se are characteristic of the AV area. Samples grouped in the negative side of the two PCs,
from SA. BN and NA have the lowest content of elements, revealing their reduced influence on the reference sample group, except for Cu and Hg that
represents the only two elements more abundant in NA area. Samples from Salerno and Avellino, which are the more distant from all the variables, confirm
that contamination in these two areas is at soil’s background level.

4. Conclusions
Metal concentrations in the different groups showed that snails accumulate certain metals (Zn, Pb and Cd) and that this bioaccumulation occurs more in the
Caserta area. It represents a potentially polluted area where the anthropogenic
OALib Journal
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Figure 3. Biplot of PC1 and PC2 for trace element data.

influence is clearly evident, due not only to the wide extent of local industrial
and agricultural activities, but also to the illegal spillage of toxic waste and of
uncontrolled fire [30]. These phenomena are in fact the characteristic of the
lands between the territory of Caserta and Napoli, which must be therefore the
object of intense environmental controls.
Used as sentinels, snails are representative primary consumers in the terrestrial ecosystem, and they are useful key indicator species to evaluate the environmental impact of chemical on our lands.
Even though the sample collection may be done seasonally to avoid the climatic factors which affect on metals transfer, our work could be considered a
preliminary monitoring program useful to obtain information on the real trace
element contamination rates of the lands of our region.
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