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This study focused on the inorganic environmental contaminants in specific food products which form part of the
food chain of the population residing in the area of Southern Italy (Gela) where there is a high mortality rate
linked to tumor diseases and congenital malformations. Determination of toxic metals was performed by
Inductively Coupled Plasma-Mass Spectrometry (ICP-MS). The toxicological data for every toxic element has
been applied to evaluate the risk for the consumer by calculating the amount of potentially toxic element that
would ingest an average of 60 kg weight individual adult. The analysis of the investigated samples shows a high

level of metal contamination which can be linked both to the polluted water and air. The obtained results give us
an idea about the agricultural products contamination and possible exposure of local people through the food

chain.

1. Introduction

Sicily is an Italian island known worldwide for its natural features
such as landscapes, seabed, archaeological parks, gastronomy and local
products such as Nubia garlic, Interdonato lemon, cherry tomato, arti-
chokes, seafood rich, red tuna, pistachio and, in particular, extra virgin
olive oil and wine (Albergamo et al., 2017; Salvo et al., 2017; Corsaro
et al., 2016; Gentile et al., 2016; Maisano et al., 2016; Saija et al., 2016;
Salvo et al., 2016a; Salvo et al., 2016b; Salvo et al., 2016c; Vadala et al.,
2016; Mallamace et al., 2014; Salvo et al., 2014; La Torre et al., 2010).
Despite all these features its territory was offended, disfigured, deva-
stated and poisoned by entrepreneurs and/or industrialists who have
rooted their "business" in this region since the post-war. The city of Gela
is an ancient colony of Magna Greece in Southern Sicily that stands in
front of a vast alluvial plain in the south of Sicily, in the Province of
Caltanissetta. Due to its location, overlooking the Gulf of Gela and the
Channel of Sicily, it is characterized by a thriving agricultural activities
related to horticulture field and greenhouse, specializing mainly the
artichoke and tomato production (Riggi and Avola, 2008).

The specificity of this area is given by the coexistence of agriculture
with one of the largest European petrochemical complexes which, with
a total area of 500 ha, consisted mainly of refineries and petrochemical
plants for the production of gasoline, diesel, LPG and pet-coke.

Industrial activities, the many landfills and pollution product from
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1960 to the present, generated serious environmental damage and
health-related. In the petrochemical pole and surrounding areas, soil
and aquifers are seriously contaminated by arsenic, mercury, nickel,
lead, cadmium, chromium, antimony, vanadium, hydrocarbons, ben-
zene, toluene and other toxic and carcinogenic organic compounds.
Therefore, in 1990 the area of Gela municipality and two neighboring
municipalities, Niscemi and Butera, were included among areas at high
risk of environmental crisis and, in 1998 an extensive area of Gela
municipality was declared a Site of National Interest (SNI) for soil re-
mediation (D.M.A, 2007; Comba et al., 2007; IR, 2001, 1998).

According to field investigation, the main sources of soil and
groundwater pollution can be traced in the petrochemical activities
with spill fumes, oil drilling rigs, industrial landfills, agricultural
practices and atmospheric pollution from vehicle traffic (Manno et al.,
2005; Bosco et al., 2005).

The whole Petrochemical zone stretches along the coast and has
about 97 different issue points that discharge into the atmosphere or-
ganic substances and heavy metals such as lead (Pb), copper (Cu), va-
nadium (V), nickel (Ni) and chromium (Cr). The Gela refinery is fed by
a thermal power plant burning different fuels including petroleum coke,
a waste substance of the cracking process that is highly polluting and
contains sulfur and high concentrations of iron, vanadium, nickel, ar-
senic and lead (Bosco et al., 2005; Pinelli, 2003).

Among the Petrochemical zone and the greenhouses, which have a
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minimum distance of about 600 m, it is located the largest industrial
waste landfill, containing natural radioactive materials, the phospho-
gypsum, a mineral residue derived from the fertilizers production (Trotti
and Dalzocchio, 2001; Paridaens, 2001).

For several years, due to its location, the high industrialized area of
Gela focused the attention of researchers towards the potential effects
of pollutants of industrial origin on the population's health. In this
contest, the contamination of food products is regarded as extremely
serious (Musmeci et al., 2009; D.M.A, 2007; Bianchi et al., 2006).

The Gela food production is chiefly characterized by an intensive
system that is divided into two main types: cultivation in greenhouses
(located along the coast) and open field crops (localized in the plain).
The cultivation in greenhouses, covers an area of 1.108,33 ha located
along almost the entire coastal territory, and is totally destined to the
production of tomato (Lycopersicum esculentum), which represents the
most profitable cultivation. Arable crops in open field stretch over
1.803,51 ha towards the hinterland on a flood zone of which
1.352,63 ha are mainly dedicated to the artichoke (Cynara scolimus)
cultivation (Istat, 2012).

The water used for irrigation comes from an important underground
water surface, and with the flow direction from the north to the sea,
crosses the alluvial and sandy subsoil of the Gela plain. The aquifer,
surfacing in some places, has enabled the creation of wells that provide
the necessary water supply for agricultural crops; however, several
investigations have found severe contamination of these waters for the
widespread presence of man-made pollutants such as surfactants, ar-
senic, nitrites, phosphates, hydrocarbons and heavy metals including
mercury (Musmeci et al., 2009).

Numerous searches, which classified the Plain of Gela as high risk
area of environmental crisis, make it clear a lack of data on chemical
contamination of local products such as vegetable. The present work
focused on the simultaneous determination of some metals (Hg, As, Cr,
Ni, Cu, V, Cd and Pb) by Inductively Coupled Plasma Mass
Spectrometry (ICP-MS) in tomatoes and artichokes from the Plain of
Gela and asses the consumer exposure to these contaminants by dietary
vegetable consumption.

2. Materials and methods
2.1. Study area
The Plain of Gela is located in the south of Sicily, overlooking the

Gulf of Gela and is bathed in the south by the Channel of Sicily. It is the
second plain of Sicily and one of the largest in southern Italy; it was
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formed by the accumulation of alluvial deposits of Gela, Dirillo, Salso
rivers and their tributaries (Fig. 1). The area of Gela that is included in
the list of national interest reclamation (IR, 1998) covers a flat area of
around 671 km?.

Geologically it is mainly made up of sandy soils (high permeability)
and clay (medium and low permeability). The clay minerals are gen-
erally made up of hydrated aluminum silicates and contain large
amounts of sodium, potassium, magnesium, calcium and iron. They
have the ability to bind cations such as Ca™? Mg *2 K *, Na' and
NH,* preventing their solubilization in water and at the same time
making them available as nutrients (Manno, 2006). On the whole, the
study area is entirely covered by sedimentary rocks (limestones, clay,
marly clay, and white or yellow quaternary biocalcarenites). In the
eastern sector are limestone and gypsum outcroppings belonging to the
typical “Serie Gessoso-Solfifera” formation of Miocene age (Bosco et al.,
2005).

Based on the characteristics of the soils the Plain of Gela can be
divided into three classes of attenuation capabilities (available water
capacity): high - medium - low. The "high" class corresponds to a low
percolation of water and therefore a high protective capacity of the soil-
climate system in respect of water-soluble pollutants. The entire coastal
strip, characterized by sandy soil, has low soil attenuation capacity; just
in this band insists the industrial sites and greenhouses systems.
Instead, the plain area, characterized by clayey and sandy soils, has
alternating areas of medium and high attenuation of soils.
Predominantly, in this area insist agricultural activities in open field
and greenhouses.

The study area is subjected to serious contamination risk, due to the
high permeability of the soil which happens to be medium - high in the
Plain of Gela (loamy and clayey soils) and tends to increase as you
reach the sandy soils of the coastal strip (high permeability

In order to assess, in outline, the area affected by the fallout of in-
dustrial emissions and choose the sampling areas for artichokes and
tomatoes, data on the winds direction during 1971-2000 were con-
sidered. These climatic informations point out that the area to which
blow most of the winds is located in the north - east of the Plain of Gela,
between Gela and Niscemi towns, in which they insist most of artichoke
crops. During the day the situation is variable: in the late afternoon and
evening hours there is the prevalence of winds to the East and North-
East area (Fig. 1) in which insist the greenhouses plants; at night there
is a reversal of breezes and winds, generally, begin to blow from South
-East (or South-West in the presence of sirocco), so that the city and the
area to the west remain downwind from the petrochemical zone
(Manno et al., 2005).

(a) ®)

NISCEMI

Fig. 1. Location of (a) Gela area in Sicily (Italy) and (b) study area of Gela and municipalities of the high environmental risk area.
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2.2. Sampling

Sampling of food products was carried out between February and
March 2015. They were collected 13 samples of artichokes from dif-
ferent functional areas of the Plain of Gela (S1). Each sample of the
weight of about 2 kg consists of multiple samples (weight between 160
and 190 g) taken in the same area. The comparison was performed on
three samples (ART control) picked up by the city of Riesi, near the
highway SS 626, in North-West position and over 20 km from petro-
chemical zone. This sample was from the eastern study sector, be-
longing to the typical “Serie Gessoso-Solfifera”, and not being exposed
to dust fallout from industry site and to irrigation with contaminated
water, was used as reference sample.

With respect to tomatoes, they were taken 13 samples of the variety
"Cherry" grown in greenhouses (S2) and irrigated with rainwater and
aquifer contaminated with heavy metals and organic compounds
(Musmeci et al., 2009). Each sample of about 1 kg, is made from more
bunches taken at several points within the same greenhouse. These
were compared with three samples (TOM control) taken in an area not
contaminated by industrial installations (Province of Caltanissetta) and
with organic certification. Also this case, the geochemistry of the soil at
the reference point was “Serie Gessoso-Solfifera” and, although not
exactly the same as the tomato cultivation sites, however it could be
considered representative of the investigated area and suitable for the
comparison.

The sampling procedures for the two types of products were carried
out following the protocol provided by the Regulation (EC) No 333/07
(EC, 2007). Each sampling was georeferenced and reported in carto-
graphy.

Regarding the water sampling, six aquifer samples (W1-W6) were
taken in September 2015 directly from wells located along the coast
and mainly exploited for irrigation of greenhouse crops (tomatoes); in
March 2016 were taken further 3 samples: of which two from wells 7
and 8 that draw water from the underground-aquifer and the other one
from a catchment of rain water mixed with aquifer (sample W9) (S3).

The sample W8 was used for irrigation of the artichokes. All samples
were placed inside 1liter polyethylene bottles, previously washed with
distilled water and then with the same water sample. At the sampling
time, they were carried out measurements related to pH, conductivity
and temperature. Subsequently, all samples were filtered (0.45 pm
filter) to eliminate the presence of vegetable and organic material,
acidified with HNO3 (2 mL/100 mL of sample) and stored at 4 °C, until
analysis.

In order to assess the soil contamination, they were taken N° 34
surface samples of the so-called "top soil", randomly distributed over the
entire Plain of Gela. Each sample was appropriately geo-referenced
according the Geographic Information System (GIS) (S4). The soil
samples were taken using a sampler for soil auger with stainless steel
manual (carrot length 15 cm, diameter 3 cm). The sampling was carried
out both in sandy and clay soil, at a depth of 0-15 cm. Each sample
(weight 3 kg) consists of a set of five samples randomly sampled within
an area of 10 m% Each sample was manually cleaned of any plant re-
sidues, homogenized and stored in a plastic bag for food until analysis.
The analyses of soil samples were conducted both on the fine particle
size (< 2 mm) and on the skeleton (> 2 mm), previously separated by
sieving. The samples were stored at — 4 °C until analysis.

2.3. Reagents and standards

Nitric acid at 65%, hydrogen peroxide at 30% and ultrapure water
for the ICP analysis were supplied by J.T. Backer (Backer Mallinckrodt,
Milan, Italy). Stock standard solutions (1000 mg L~ ! in 5% nitric acid)
of each element studied, at the highest level of purity available, were
purchased from Merck (Darmstadt, Germany) except for Hg and Cd that
were purchased from Baker (Phillipsburg, USA). Ultra-pure water with
resistivity of 10 MQ cm™' was obtained from a Milli-Q water
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purification system Thermo Scientific Barnstead Smart2Pure 12 (Milan,
Italy). To tune the instrument a tuning standard solution containing ”Li,
59Co, 8% and 2°°Tl (each 10 ugL ™! in 2% HNOs; + 0.5% HCl) was
obtained from Agilent (Santa Clara, CA). The gases 99.9990% argon
and 99.9995% helium were supplied by Rivoira gases (Rivoira S.p.A.,
Milan, Italy).

2.4. Sample extraction and cleanup

2.4.1. Vegetable products

The analyses were performed on the edible part of the product
(berry for tomato and choke for artichoke). Each agro-food product
collected was placed in food bags, labeled, sealed and frozen until
analysis.

The artichoke and tomato samples were previously and thoroughly
washed externally with ultra pure water to remove any soil residues
present on the surface; this in order to eliminate the contribution of
external contamination and simulate the household washing. The
samples were treated with liquid nitrogen (—196 °C) and subjected to
cryo-grinding in order to obtain a homogeneous paste.

The extraction was carried out on an aliquot (about 0.5 g) of the
homogenized sample that was submitted to a mineralization process.
Mineralization was carried out by using a microwave digester
(Microwave Digestion High Pressure System - Mileston Ethos
LabStation). Each sample of artichoke or tomato, was weighed into a
teflon vessel with the subsequent addition of 7 mL of concentrated ni-
tric acid (HNOs, 65%) and 1 mL of hydrogen peroxide (H0,, 30%)
(Bosco et al., 2005). The samples in the vessel were digested using an
optimized method that consist of two steps with a constant microwave
power (1000 W). Firstly the temperature was increased to 200 °C in
10 min (step 1), and then it was held for 10 min at 200 °C (step 2). The
obtained residue was dissolved with ultrapure water, transferred into a
volumetric flask and diluted to 25 mL. To minimize the error of the
mineralization phase, for each cycle a blank sample was prepared. All
the final samples were analyzed by ICP-MS.

2.4.2. Soil samples

The soil samples were initially homogenized and cleaned from plant
residues. The obtained sample was dried in an oven (120 °C) and sieved
separating the fraction with fine particle size (< 2 mm) from the ske-
leton (> 2 mm). From each fraction size about 0.5 g of sample were
taken and subjected to mineralization after addition of 3 mL of HNO;
65% and 9 mL of HCl 37%. The mineralization was carried out in two
steps with a constant microwave power (1000 W). Firstly temperature
was increased to 200 °C in 10 min (stepl), and then it was held to
200 °C for 10 min (step 2). The obtained residue was first filtered and
then transferred into flask and brought to volume (25 mL) with ultra-
pure water. Subsequently, elemental analysis was carried out by ICP-
MS.

2.4.3. Water samples

Even the water samples have been subjected to mineralization
procedure by a microwave digester, in order to eliminate the organic
components. About 0.5 mL of water sample were taken with a pipette
and weighed inside a teflon vessel; subsequently, they were added with
7 mL of concentrated nitric acid (HNOs, 65%) and 1 mL of hydrogen
peroxide (H50,, 30%) (Jie et al., 2004). Also in this case the miner-
alization was carried out in two steps with a constant microwave power
(1000 W). Firstly temperature was increased to 200 °C in 10 min
(stepl), and then it was held to 200 °C for 10 min (step 2). To minimize
the error, for each analytical cycle it was prepared a blank sample
containing the same reagents. The obtained residue was transferred into
a volumetric flask and brought to volume (25 mL) with ultrapure water.
After reconstruction the solution was analyzed by ICP-MS.
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2.5. ICP-MS analysis

The determinations of Ni, Cd, Pb, Hg, As, V, Cu and Pb in digested
samples were carried out by 7500CX Agilent ICP-MS spectrometer (ICP-
MS Agilent octapolo 7500 - Santa Clara, CA, USA) with a reaction/
collision cell Octopolo Reaction System (ORS), and equipped with an
automatic sample ASX 500. The system was pressurized with Helium to
remove the interference due to the plasma and to the matrix. The
analyses were performed either in gas mode that no gas.

The sample was introduced with a flow of 1 mL min~! and for each
element three replicas have been set. Before each analysis, the instru-
ment carried out a wash program with diluted nitric acid (4% HNO3).

In all the samples Hg was analyzed separately, after adding 100 pL
of HCI 4% to favor the chlorides formation, while the washing cycle was
performed with a hydrochloric acid solution (HCl, 2%).

The operating conditions used for instrumental analysis by ICP-MS
were the following: RF power, 1.550 W; sample depth, 9 mm; spray
chamber temperature, 2 °C; plasma gas flow rate, 15 L min~'; auxiliary
gas flow rate, 0. 9L min~?!; carrier gas flow rate, 1.1 L min~*; sample
introduction flow rate, 1 mL min~'; vacuum, < 1.5 x 10~ 7 Pa; inter-
face pressure; 5.3 x 10”2 Pa. These parameters were optimized using a
solution containing nuclides “Li, *°Co, 8°Y and 2°>T1 (10 pg L™ '), whose
masses are distributed all over the interval of interest.

For each element are shown (S5) the quantified isotope, the analysis
mode (with or without collision/reaction cell), the internal standard, the
integration time for point and for mass used. For each mass they were
considered three points and each acquisition was repeated three times.
The selected isotopes, listed in S5, were chosen for each element on the
basis of the relative isotopic abundance, so as to optimize the sensitivity,
and the absence of important isobaric interferences or interference in-
duced by the matrix, when possible. contain the isotope ratios of the
elements and provide measurements to the additional values of m/z to
estimate and allow the subtraction of polyatomic interference.

The calibration was performed with a multi-standard solution of Cr,
V, Cu, Cd, Pb, Ni, As obtained by mixing standard solutions of each
individual element and diluting with nitric acid (HNOs, 2%). Six
standard mixtures of all the elements, at different concentrations ran-
ging from 5 to 2000 mg L.~ * for each element, were prepared by adding
the appropriate amount of the element standard solution in 10 mL vo-
lumetric flasks and bringing to volume with HNO3 2%.

The mercury calibration was performed using five-point calibration
graph obtained with 10, 50, 100, 500 and 1000 mg mL ™! standards.
These standard mixtures were used for the construction of the cali-
bration graphs, using the linear regression of the least squares method.

To ensure the proper digestion each sample was added with 1 mL of
Re internal standard at 0.8 mgL~'. A solution of Sc, Rh and Bi
(1 mg L.™') was prepared and used as internal standard to correct any
instrumental drifts and matrix effects.

3. Results and discussion
3.1. Method validation

In the present study, in accordance with the Regulation (EC, 2007)
and international guidelines (EURACHEM guide, 2012; EUROPEAN
PHARMACOPOEIA, 2015), the used analytical process was validate
considering the limit of detection and quantification, the linear range,
accuracy, precision and short- and long-term repeatability. The analy-
tical characteristics of the method are presented in S7.

The evaluation of the linearity was based on injection of the stan-
dard solutions. Each solution was injected six times and the linear
coefficients for all the elements were higher than 0.99993 in each
concentration range (R? > 0.99993).

The limits of detection (LODs) and of quantification (LOQs) were
calculated according to IUPAC guidelines (McNaught and Wilkinson,
1997). The LODs and the LOQs were experimentally calculate as 3.3 o/
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S and 10 o/S, respectively, where o is the residual standard deviation
and S is the slope of the regression curve. LOD values ranged from
0.0004 to 0.006 ugL~!, while LOQ values ranged from 0.001 to
0.02pg L™

The accuracy for the agricultural products was evaluated by means
of a recovery study on the certified standard matrices GBW07604,
providled by NRCCRN and certificate for As 0.37 mgkg™!, Cd
0.32mgkg™ ", Cr 0.55mgkg™"', Cu 9.3mgkg™", Pb 1.5 mgkg™?, Ni
1.9mgkg ™%, V 0.64 mgkg ', Hg 0.03 mgkg ™.

The certified matrix used for the soils was SOIL, GBW07402 pro-
vided by NRCCRN certificate for As 13.7 mg kg~ ?, Cd 0.071 mgkg™?,
Cr47mgkg™ !, Cu16.3mgkg™ !, Pb 20mgkg ™!, Ni 19.4 mgkg %, V
62mgkg~ ', Hg 15ng g~ .

The obtained results, reported in S8, show that the recovery on the
certified matrix GBW07604 varies from 86% to 97% with RDS values
always lower than 5.88%. For the matrix GBW07402 the recovery
varies from 87% to 112% with RDS values always lower than 5.62%.

In order to assess the precision of the method, the restricted re-
peatability and the intermediate repeatability were determined. The
first was estimated on the relative standard deviations (RSD%) of the
measurements obtained by analyzing the same certified matrices 10
times in the same analytical run. The same certified matrices were
analyzed 20 times over a period of twenty successive days to determine
the intermediate repeatability (RDS%). The precision, whose results are
reported in S8, was excellent in the same analytical run (RDS% between
2.8 and 3.9 for vegetables and between 2.3 and 3.8 for soil) and good
for long-time analysis (RDS% between 2.6 and 10.2 for vegetables and
between 3.0 and 9.5 for soil).

To minimize any memory effects, an appropriate washing solution
(HNO3, 2%) was fluxed between an analysis and the subsequent. The
memory effect can be more important in the determination of mercury;
in this case it is necessary to flush for two minutes with a solution of
HNO3 2% and containing 100 ng mL~! of Au (EPA, 1994).

In this study it was verified that the washing with nitric acid (HNO3,
2%) for three minutes is adequate to cancel the mercury memory effect,
for the levels at which this element was present in the analyzed sam-
ples.

3.2. Levels of toxic inorganic elements in irrigation and aquifer waters

The results of aquifer have been summarized in Table 1. As it is not
present, until now, specific legislation on the quality of water used for
crops irrigation, the obtained data were compared with the limit values
set by three regulations on water quality and that encompass the same
limits (LD, 2009, 2006, 2001).

The samples were divided into two groups; the first (S9) consists of
aquifer samples 7, 8 and 9 taken in more inland areas and upstream
from the industrial zone. These waters, used for irrigation of artichokes
(sample W8) and tomatoes in the greenhouse (samples W7 and W9),
have a basic pH (~ 8.09) and an high conductivity (~ 1386 uS cm™ Y
(Table 1), but in any case below the law limits, determined by the high
amounts of dissolved salts which reflect the rocks with which the
aquifer meets (chalky limestone rocks). In particular, the sample W7
has the lower conductivity than those collected in the wells 8 and 9 and
the highest Cu®® level, which probably enter through application of
agricultural fertilizers. Moreover, it must be considered that rainwater,
leading to soil the pollutants emitted into the atmosphere from the
petrochemical complex, can move the pollutants from the source to the
aquifers.

The arsenic and toxic metals content is rather similar and in any
case worrying: AS”® (405 pugL™1) presents average values 40 times
higher than the legal limits, Ni®® (279 pg L™!) exceeds by 14 times the
limit, Pb2°® (264 pg L.™1) and Cd'**! (351 pg L™ ") beyond 26 times and
70 times the threshold values, respectively.

The W1-W6 samples, belonging to the second group (510), are from
six wells along the coast of the Gulf of Gela, in an area downstream the
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Table 1
Inorganic toxic contaminants in ground and irrigation waters.
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M. U." Aquifer W7 Aquifer W8 Aquifer W9 Mean S.D.” Aquifer> W1-W6 S.D. Limit values (1)° Limit values (2)° Limit values (3)°
Sampling Well Well Water basin Well
Use Irrigation Irrigation Irrigation Irrigation
Culture Greenhouse Artichokes Greenhouse Greenhouse
pH 8.47 7.37 7.64 8.09 7.20 6.50 —9.50 - -
Cond. uS/cm 1014 1662 1482 1386 - 2500 - 2500
As”® ng/L 404.6 405.1 405.8 405.2 0.6 168.3 29.9 10 10 10
Ni ©° ng/L 276.9 279.5 275.8 277.4 1.9 14.9 39 20 20 20
Hg?*? ug/L nd.f nd. nd. nd. nd. 1.0 08 1 1 1
AS ug/L 132.4 131.2 135.9 1332 24 82.7 91.1 50 - 50
Pb 208 ng/L 270.0 264.1 276.0 270.0 5.6 4.2 10.0 10 10 10
cdt ng/L 352.0 351.8 351.9 351.9 0.1 1.4 - 5 5 5
cu®® ug/L 362.1 75.0 51.0 206.5 2199 - - 1000 - -
Cr®? ng/L 237.0 286.6 239.6 254.4 279 - - - - 50

2 Measure Unit.

b 1t is the mean and the standard deviation (S.D.) of values of 6 aquifer samples collected along the coast of Gela, in November 2015.
¢ Legislative Decree 2 February 2001 n ° 31. Implementation of Directive 98/83/EC on the quality of water for human consumption. Attachment 1 Part B.

d Legislative Decree 152/06. Attachment 5 tab. 2.

¢ Legislative Decree 16 March 2009, n. 30. Implementation of Directive 2006/118/EC on the protection of groundwater against pollution and deterioration. Attachment 3 part A2.

f n.d: not detected.

industrial pole. They are used for irrigation of greenhouse crops and in
Table 1 is only represented the mean value obtained from 6 samples.
The results show lower values than those detected in the samples of the
first group but with average values higher than the limits for arsenic
(168.32 ug L', with max. 734 ugL~' and min. 28.40 ygL™') and
vanadium (82.67 ug L™, with max. 262 ug L~ " and min. 22 ug L™ 1.

The highest values of AS”® and V7 (S10c) concern the samples near
the new industrial area (W4) and the greenhouses (W1). It was also
detected the worrying presence of mercury equal to the average con-
centrations of 1 pg L™, but with peaks of 2.60 ug L™ ! for the sample
W1. The lower concentrations in inorganic contaminants can be at-
tributed to the variability of the water load of the aquifer that dilutes or
concentrates the dissolved substances.

The analyses of irrigation waters highlighted serious pollution by
toxic metals so that we can classify these aquifer samples contaminated
and unfit for human consumption. Global interpretation of the
groundwater samples data, according to the Italian and European
Regulation, shows a chemical classification attributable to class 4
(poor) (LD, 2006, 2001).

Considering the data reported in Table 1, it is difficult, according to
current knowledge, attributed to a natural origin, except in small part,
the overcoming limits of the additional descriptors such as arsenic,
mercury, nickel, lead, cadmium and vanadium.

These data confirm the previous studies from which it emerges that
the aquifer is exposed to various sources of contamination, from point
and diffuse anthropogenic origin, which infiltrate and percolate in soil
until it reaches the aquifer (Gisotti and Turrio Baldassari, 2006).
Therefore, the aquifer can not be considered suitable for use even in
agriculture; the use of aquifer for the crops irrigation, being a source of
contamination, can lead to a high risk to food safety of agricultural food
products. In fact, many authors (Mohamed, 2003; Pereira et al., 2002)
demonstrated the close relationship among environmental pollution of
soil, of irrigation water or, in general, of the environment and the
contamination of agricultural products grown in the same area. This is
because the toxic metals tend to migrate from the external environment
towards the plants that, depending on the species, accumulate them in a
different way (Rajesh Kumar et al., 2007) and from here, penetrate into
the food chain until the man (Frinkm, 1996).

3.3. Levels of toxic inorganic elements in soil

The results regarding the soil samples (Table 2) suggest that all the
toxic metals show lower concentrations than the limit values
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established by Legislative Decree 152/06 and the Ministerial Decree
471/99 relating to contaminated soils (Abrahams, 2002; LD, 2006).
These are toxic and polluting metals, clear anthropogenic, whose pre-
sence is compatible with previous environmental studies in the Gela
area and the industrial activities (Manno et al., 2005; Bosco et al.,
2005).

Particularly, arsenic (As”®) has been detected nears the petro-
chemical area, to the west of the Gela city. This data was obtained from
sand sampled by the sea and is probably attributable to the sea water
pollution. The presence of As”>, found in high amounts also in aquifer,
could be a clear indicator of pollution coming from the petrochemical
zone.

The obtained results were graphically elaborated with iso-con-
centration maps (Fig. 2) which show a geographic distribution of pol-
lutants downwind, within 10-15 km, in areas close to the Petrochem-
ical Pole, the Gela city centre and along the most trafficked roads. Fig. 2
shows that there is an increased concentration of toxic metals in the fine
fraction of the soil (< 2 mm), compared to the skeleton (> 2 mm), in
the areas close to the Petrochemical Pole, in Gela city center and along
the most busy roads. In particular Pb%°®, Ni®® and As”® showed a greater
accumulation next to the industrial center and the main roads.

3.4. Levels of toxic inorganic elements in artichoke samples

The concentations of inorganic elements in artichoke samples are
summarized in Table 3 and the data are expressed in mg kg ™' of fresh
product, as indicated in Regulation No 1881,/2006 (EC, 2006).

In all samples Hg?°? levels were below the instrumental detection
limits, while the total Cr>2 concentration (range: 0.181-0.344 mg kg~ %;
mean: 0.270 mg kg™ ') was higher in the industrial than in the re-
sidenzial “unpolluted” sites (ART 8 and ART 9), albeit for this element
the differences between the residenzial zone and the industrial area
were no so marked. This coud be explained considering that chromium
occurs naturally in the Earth's crust and its total amount can be tribu-
table both natural and anthropogenic sources (ATSDR, 2000a).

The lead and cadmium concentrations, although sometime similar,
in artchokes collected near the petrochemical complex were sig-
nificantly higher than those corresponding to unpolluted area (ART 8
and ART 9). Infact, the obtained data evidenced that, for these last
samples collected from non-contaminated areas, outside the spillover
cone of industrial fumes, the cadmium and lead concentrations are
within the legal limits. Generally, Cd''' and Pb®°® average values,
taking into account the standard deviation, exceed the limits set by the
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Table 2
Analytical results of heavy metals in soil samples of the Plain of Gela.
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D GIS Coordinates  Soil Fraction Skeleton %  Umidity %  Hg mg/kg

Asmg/kg Cd mg/kg  Crtot mg/kg Nimg/kg Pbmg/kg V mg/kg

Limit Values Lgs D. 152/06 Att. V, Tab 1/A 1
1 37°03'43"N > 2 mm 62.30% 9.70% <0.1
14°18’47"E < 2mm <0.1
2 37°03’41"N > 2 mm 89.20% 3.10% <0.1
14°19'04”E < 2mm <0.1
3 37°03’35”"N > 2 mm 84.00% 13.70% <0.1
14°18"47"E < 2mm <0.1
4 37°06’35"N > 2 mm 100% 14.40% <0.1
14°04’52"E < 2mm < 0.1
5 37°06’39”"N > 2 mm 88.20% 7.60% <0.1
14°04'53"E < 2mm <0.1
6 37°06’10"N > 2 mm 71.40% 6.20% <0.1
14°08'16”E < 2mm <0.1
7 37°3'23."N > 2 mm 89.80% 8.80% <0.1
14°18’45"E < 2mm <0.1
8 37°6’14'N > 2 mm 75.40% 0.90% <0.1
14°21’25"E < 2mm <0.1
9 37°04'18"N > 2 mm 86,80% 4.70% <0.1
14°18'19”E < 2mm <0.1
10 37°02’28”"N > 2 mm 91.10% 2.70% <0.1
14°21’08”E < 2mm <0.1
11 37°05'49"N > 2 mm 91.60% 5.10% <0.1
14°20’08”E < 2mm <0.1
12 37°06’45"N > 2 mm 75.20% 8.00% <0.1
14°18'57"E < 2mm <0.1
13 37°1007"N > 2 mm 77.70% 3.10% <0.1
14°20'18”E < 2mm <0.1
14  37°07°21"N > 2 mm 86.80% 4.20% <0.1
14°23’37”E < 2mm < 0.1
15 37°10'19”"N > 2 mm 81.50% 4.50% <0.1
14°23'05”"E < 2mm <0.1
16  37°00'36"N > 2 mm 95.90% 4.30% <0.1
14°22’07”E < 2mm <0.1
18  37°1203"N > 2 mm 75.80% 13.20% <0.1
14°08'14”E < 2mm <0.1
19  37°1045"N > 2 mm 79% 4.50% <0.1
14°16728"E < 2mm <0.1
20  37°07’42"N > 2 mm 76.50% 7.70% <0.1
14°09’44”E < 2mm < 0.1
21 37°04’38"N > 2 mm 77.70% 6.10% <0.1
14°22’25”E < 2mm <0.1
22 37°0856"N > 2 mm 97.90% 5.70% <0.1
14°2627"E < 2mm <0.1
23 37°05’33"N > 2 mm 91.20% 3.50% <0.1
14°24’56"E < 2mm <0.1
24 37°0209”"N > 2 mm 80.30% 6.90% <0.1
14°25’44”E < 2mm <0.1
25  37°07’52"N > 2 mm 99.30% 1.50% <0.1
14°26’03”E < 2mm <0.1
26 37°0104”"N > 2 mm 98.30% 4.30% <0.1
14°28'19”E < 2mm <0.1
27 37°12’51”"N > 2 mm 81.80% 7.70% <0.1
14°19’39”E < 2mm <0.1
28  37°04’51”N > 2 mm 84.50% 5.70% <0.1
14°30’35”E < 2mm <0.1
29 37°07°41”"N > 2 mm 87.60% 5.70% <0.1
14°29'59”E < 2mm <0.1
30 37°1109"N > 2 mm 89.30% 6.80% <0.1
14°28’40”E < 2mm < 0.1
31 37°06"22”"N > 2 mm 85.00% 4.40% < 0.1
14°13'34"E < 2mm <0.1
32 37°06'19"N > 2 mm 72.60% 6.40% <0.1
14°14°02"E < 2mm <0.1
38  37°0549"N > 2 mm 86.70% 9.00% <0.1
14°16’33”E < 2mm <0.1
39  37°03'40"N > 2 mm 85.80% 6.70% <0.1
14°20"46"E < 2mm <0.1
40  37°0559"N > 2 mm 75.60% 8.60% <0.1
14°11’44”E < 2mm < 0.1

20 2 150 120 100 90
<2 <0.2 <1.5 <12 <1 <9
<2 <0.2 <1.5 <1.2 <1 <9
<2 <0.2 <15 <12 <1 <9
<2 <0.2 <15 <1.2 <1 <9
<2 <0.2 <15 1.8 <1 <9
<2 <0.2 <15 2.1 1.1 <9
3.1 <0.2 <15 2.8 1.4 <9
3.1 <0.2 <15 2.8 1.4 <9
<2 < 0.2 <15 <12 <1 <9
<2 < 0.2 <15 <12 <1 <9
<2 <0.2 <15 <1.2 <1 <9
<2 <0.2 <1.5 <1l.2 <1 <9
<2 < 0.2 <15 <12 <1 <9
<2 <0.2 <15 <1.2 <1 <9
<2 <0.2 <1.5 <1.2 <1 <9
<2 <0.2 <15 <12 <1 <9
<2 <0.2 <15 1.5 <1 <9
<2 <0.2 <15 1.7 1.1 <9
4.7 <0.2 <1.5 1.6 1.5 <9
5.2 <0.2 <15 1.8 1.6 <9
<2 <0.2 <15 1.3 <1 <9
<2 < 0.2 <1.5 1.4 <1 <9
<2 <0.2 <15 1.7 1.2 <9
<2 < 0.2 <15 2.2 1.6 <9
<2 <0.2 <1.5 <12 <1 <9
<2 <0.2 <15 <12 <1 <9
<2 < 0.2 <15 <12 <1 <9
<2 <0.2 <1.5 <12 <1 <9
<2 <0.2 <15 <12 <1 <9
<2 < 0.2 <15 <12 <1 <9
<2 <0.2 <1.5 <12 <1 <9
<2 < 0.2 <1.5 <1.2 <1 <9
<2 < 0.2 <15 <12 <1 <9
<2 <0.2 <15 <12 <1 <9
<2 <0.2 <15 1.7 <1 <9
<2 <0.2 1.6 2.1 1.1 <9
<2 <0.2 1.8 1.5 1 <9
<2 <0.2 2.3 2 1.3 <9
<2 < 0.2 <15 <12 <1 <9
<2 <0.2 <15 <12 <1 <9
<2 <0.2 <15 <1.2 <1 <9
<2 <0.2 <1.5 <1.2 <1 <9
<2 < 0.2 <15 <12 <1 <9
<2 <0.2 <15 <1.2 <1 <9
<2 <0.2 <1.5 <1.2 <1 <9
<2 < 0.2 <15 <12 <1 <9
<2 <0.2 <15 <1.2 <1 <9
<2 <0.2 <15 <12 <1 <9
<2 < 0.2 <1.5 <1.2 1.1 <9
<2 < 0.2 <15 <12 1.1 <9
<2 <0.2 <15 <1.2 <1 <9
<2 < 0.2 <1.5 <1.2 <1 <9
<2 < 0.2 <15 <12 <1 <9
<2 <0.2 <15 <1.2 <1 <9
<2 < 0.2 <1.5 <1.2 <1 <9
<2 <0.2 <1.5 <1.2 <1 <9
<2 < 0.2 <15 <12 <1 <9
<2 <0.2 <1.5 <12 <1 <9
<2 <0.2 <1.5 <1.2 <1 <9
<2 < 0.2 <15 <12 <1 <9
<2 <0.2 <15 <12 <1 <9
<2 <0.2 <1.5 <1.2 <1 <9
<2 < 0.2 <15 <12 <1 <9
<2 <0.2 <15 <12 <1 <9
<2 <0.2 <1.5 <1.2 <1 <9
<2 < 0.2 <15 <12 <1 <9
<2 <0.2 <15 <12 <1 <9
<2 <0.2 <15 <12 <1 <9

Regulation (EC, 2006) in almost all samples. In fact, the average Cd''*
levels resulted equal to 0.336 mg kg~ * (range: 0.038-0.506 mg kg~ 1),
that is almost 9 times higher than the legal limits. The Pb?°® content
(range: 0.075-0.415; mean: 0.284 mg kg™ ') was generally above the
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legal limit too and the mean content resulted 3 times above the limit
value. Although higher than the limits, the sample ART 7 taken outside
the petrochemical Pole, has a lower Cd'!! and Pb?°® content if com-
pared to samples placed inside the Plain of Gela and exposed to air
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Fig. 2. Iso-concentration map of (a) As in total samples, (b) As in the fine fraction (< 2 mm), (¢) Cr in total samples, (d) Cr in the fine fraction (< 2 mm), (e) Ni in total samples, (f) Ni in
the fine fraction (< 2 mm), (g) Pb in total samples, (h) Pb in the fine fraction (< 2 mm) obtained from soil samples collected in the Plain of Gela and districts.
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Table 4

Level (mg kg~ ?) of inorganic contaminants in tomatoes. Each analytical data is the result of the average of three samples.
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> n.d.: not detected.
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To the best of our knowledge, few data ar reported in literature on
mineral contents of “cherry” tomato. Generally, it is stressed that the
heavy metals content in tomatoes depends on growth conditions (Rossi
et al., 2008). Some data, regarding the mineral composition of different
tomato varieties, highlight that Ni®® levels found in this study were
lower than those previously found in Arab tomatoes (Mohamed, 2003).
Relating to Cu®® levels, comparing the results of this study with data
published by Mohamed (2003) and Demirbas (2010) for different
variety, it emerges that the Arab and Turkish samples had the highest
Cu®® concentrations (4.47 and 18.7 mg kg~ ', respectively); however,
our concentrations were similar or higher than the levels determined by
Peredens et al. (2008) and Bakkali et al. (2009) for Spanish tomatoes
(1.39 and 0.08 mg kg™, respectively).

In spite of this, troubling is the average content of As”, Ni®® and V°*
in the tomato samples from Gela. As already previously said, these are
elements of clear anthropogenic sources, that might reflect the content
of such components in groundwater and aquifer. In fact, the greenhouse
cultivation of tomatoes that develops to the east, about 600 m from the
petrochemical area, is subject primarily to two man-made sources of
contamination: the irrigation with contaminated groundwater and
farming practices (use of pesticides, fertilizers, etc.). In this case, the
metals increase due to relapse fumes may not be predominant since the
greenhouse environment might protect the cultures from air pollution.
Therefore, the high levels of inorganic elements might mainly be at-
tributed to agricultural practices, and especially the use of groundwater
irrigation that appear to be seriously contaminated.

3.6. Ddily intake evaluation

The mineral composition of artichokes and tomatoes, due to the
relatively high detection, was evaluated for some intake considerations.
To predict the human exposure we considered the Recommended
Dietary Allowance (RDA) values for Cu®? and Cr®2, which for adult are
1mgday ' and 0.01 mgday?, respectively (EC, 2008). The Max-
imum Residue Limit (MRL), the Tolerable Weekly Intake (TWI) and the
Provisional Tolerable Weekly Intake (PTWI) values given by Europe
Food Safety Agency (EFSA, 2015, 2012a, 2012b, 2010, 2009a, 2009b)
were considered for As’®, Cd''! and Pb%*%, (Table 5a,b). CONTAM
Panel has established the TWI for Cd''! and Hg?°?, setting, the values at
2.5 pg kg ™! b.w. per week and at 4 ug kg~ ! b.w. per week, respectively
(EFSA, 2009b, 2012a). The joint FAO/WHO Expert Committee on Food
Additives set the PTWI of 15ugkg™! b.w. per week for As’® and
25 ug kg~ * b.w. per week for Pb?°® (EFSA, 2009a, 2010). The CONTAM
Panel, since the PTWI is no longer appropriate and in order to make
these values more health protective, identified a benchmark dose of 1%
extra risk (BMDLy;). The BMDLy; values for As”® and Pb%*® are
0.3-8 ugkg ™! b.w. per day and 1.5 ug kg~ ! b.w. per day, respectively
(EFSA, 2009a, 2010). Moreover, in February 2015, EFSA published a
scientific opinion on the risks to human health from nickel in food,
particularly in vegetables, and also in drinking water. Based on current
mean and high exposures, EFSA's experts concluded that current
chronic dietary exposure to Ni®® is of concern for the general popula-
tion; therefore EFSA set a safe level, known as the Tolerable Daily In-
take (TDI), of 2.8 ug kg_1 b.w for Ni®® (EFSA, 2015). For Vanadium no
benchmark dose was fixed.

In order to make an assessment on the results of this study, cd't,
Hg?%2, As”®, Ni®® and Pb2°® dietary intake, for an adult (60 kg) deriving
from a daily ingestion of 300 g tomatoes and artichokes, was compared
with these values, the results are reported in Table 5a, b. In order not to
underestimate the contamination intake, a concentration equal to LOQ
(0.003 ug kg~ 1) was assigned to all samples that showed a non-quan-
tifiable amount of Hg?*2. All the analyzed samples do not exceed PTWI
values for Hg?*2. Compared to the safety standards the results of the
present study show that: Cu®® content in artichokes (71.3%) and to-
matoes (58.0%) remains within the RDA margins while Cr>? surpasses
the RDA limit both for artichokes (202.5%) and tomatoes (216.8%);
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Table 5

Mean values for RDA, TWI, PTWI BMDLO1 (n = 13) for a) artichoke and b) tomato samples.

Ecotoxicology and Environmental Safety 148 (2018) 114-124

Cu Cr Ni As cd Pb Hg
a)
Mean values (mg/Kg/ww; n = 13) 2.378 0.270 0.442 0.404 0.336 0.284 0.003 x 1073
RDA (mg x day ') 1 0.04
% of RDA estimated by mean value 71.3 202.5
MRL (mg x kg~ w/w) 0.1 0.3 0.5
TWI or PTWI (mg/kg b.w./week) 0.015 0.0025 0.025 0.004
TDI (pg/kg b.w./day) 2.8
BMDLO1 (ug/kg b.w./day) 0.3-8 1.5
% of TWI or PTWI estimated by mean value 94.27 470.40 39.76 0.00
% of TDI estimated by mean value 78.93
% of BMDLO1 estimated by mean value 25.25-673.33 94.67
b)
Mean values (mg/Kg/ww; n = 13) 1.934 0.289 0.334 0.441 0.030 0.190 0.003 x 1073
RDA (mg x day ') 1 0.04
% of RDA estimated by mean value 58.0 216.8
MRL (mg x kg~ w/w) 0.1 0.3 0.5
TWI or PTWI (mng/kg b.w./week) 0.015 0.0025 0.025 0.004
TDI (ng/kg b.w./day) 2.8
BMDLO1 (ug/kg b.w./day) 0.3-8 1.5
% of TWI or PTWI estimated by mean value 102.90 42.00 26.60 0.00
% of TDI estimated by mean value 59.64
% of BMDLy; estimated by mean value 27.56-735.00 63.33

Ni®® does not exceed the corresponding TDI limit both in artichokes
(78.93%) and tomatoes (59.64%); Cd''* remains within safety margins
of TWI only for tomatoes (42.00%) while exceeds these values in arti-
chokes (470.20%); the extra-safety margin of BMDLy; are within the
safety limits for Pb2°8 in tomatoes (63.33%) and artichokes (94.67%)
while As”> surpasses these values both in artichokes and tomatoes with
(25.25-673.33%) and (27.56-735.00%) of BMDL,;, respectively.

4. Conclusions

This study confirm the epidemiological hypothesis that indicated in
the consumption of local food products one of the most important
factors of exposure to toxic elements, particularly arsenic. Agro-food-
stuffs such as artichokes showed high Cd and Pb concentrations that
often abundantly exceeding, in almost all the analyzed samples, the
limits set by Regulation (EC, 2006). The monitoring of toxic metals in
tomato samples evidenced that, while Cd levels were always below the
fixed European limits, the Pb content is significantly higher than that
reported by the Regulation (UE) limits for this metal.

The evaluation of dietary intake of Cd, Pb, Ni and Hg, deriving from
a daily ingestion of 300 g of artichokes and tomatoes in an adult
(60 kg), shows that eating artichokes exposes the Gela consumers to a
worrying cadmium intake. Moreover, our data demonstrate that arsenic
amount is above the respective benchmark limit, both in artichokes and
tomatoes. Particularly, since the CONTAM Panel focused on more re-
cent data showing that exposure to arsenic and inorganic arsenic
compounds increases the risk of cancer (EFSA, 2009a), the high pre-
sence of arsenic in artichokes and tomatoes might determine important
cancer risk for the consumers, so it would be recommended that dietary
exposure to inorganic arsenic should be reduced.

The sources of pollution, responsible for the food products con-
tamination, could be attributable mainly to the use for the irrigation of
groundwater, severely contaminated by heavy metals; although, the
relapse to the ground of the combustion fumes coming from the pet-
rochemical complex can affect the metal pollution of the soil.

Our study show that there is a serious risk of toxic minerals from
artichokes and tomatoes grown on the Plain of Gela; this hazard could
be even more serious when you consider that to individual foods ana-
lyzed, you must add the contribution of toxic elements from the other
foods that make up a diet (water, meat, dairy products, etc.). The in-
teresting informations obtained, however suggest the need to deepen
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the critical scenarios that have emerged.

We believe that to reduce the health risk it is necessary and urgent
to initiate the remediation of the aquifer, limit the use of local
groundwater for crops irrigation, avoid implanting agricultural pro-
ductions in downwind areas and/or in proximity to petroleum plants,
reduce emissions of pollutants through the use of new technologies and
the periodic maintenance of industrial plants. We can suggest a limited
consumption of artichokes and tomatoes coming from the Plain of Gela
to prevent a metal accumulation in the human body.
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