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Abstract

Background: This paper describes the activities and the results obtained from a monitoring of contamination levels
of some metals: lead (Pb), cadmium (Cd), mercury (Hg), total arsenic (Astot), vanadium (V), chromium (Cr), antimony
(Sb), manganese (Mn) and aluminium (Al) in vegetable food cultivated or sold in local market, near Resit landfill in
Giugliano (Campania region, Italy). This area, once well known like Campania felix for abundance and quality of
food farming, supplies local, national and community markets. Unfortunately, in the last twenty years, this region
has been involved in lots of illegal dumpings of hazardous and urban wastes, that have been periodically set to fire
with possible health impact. For this reason it has been renamed as “Terra dei Fuochi” (“Land of Fires”).
The aim of this study was the evaluation of the consumers exposure level to metals coming from the intake of
likely contaminated vegetables and fruits.

Results: Vegetable and fruit samples was collected in November 2013 on fields and in February 2014 in local
markets.
One hundred and thirty-nine samples (peppers, eggplants, lettuces, strawberries and turnip greens) were analysed
for metals: fifty-six samples from fields near Resit dump and eighty-three from local markets situated in neighboring
provinces and in the southern Lazio.
Metal concentrations in the investigated samples were determined by inductively coupled plasma – mass
spectrometry (ICP-MS) or inductively coupled plasma – atomic emission spectrometry (ICP-AES) techniques
applying validated and accredited analytical methods.

Conclusions: In all analysed matrices, the level of each investigated metal, highlighted a very low health risk for
consumers.
The metal contamination levels measured in this study do not show significant differences compared to relative
background values.
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Background
Environmental and agricultural “heavy metal” (International
Union of Pure and Applied Chemistry 2002) pollution has
always been considered as a result of anthropogenic activ-
ities (Luo et al. 2011; Kampa and Castanas 2008; Van Der
Voet et al. 2013).
Environmental and food pollution from chemicals

which are dangerous to human health is disclosing a

disquieting scenario, due to the following features: 1) le-
gitimate or indiscriminate use of pesticide with the aim
of preserving crops (Quazi et al. 2013; Wolz et al. 2003);
2) industrial or mining areas as potential sources of en-
vironmental pollution (Beccaloni et al. 2013; Ogunkunle
and Fatoba 2014); 3) “eco-criminal” actions, e.g. illegal
burial of dangerous waste (Di Lorenzo et al. 2015;
14G00013 2016).
Metals can be considered as dangerous chemicals, in

particular the so-called “heavy metals”, which can cause
several serious human diseases. Over the time, a pro-
longed ingestion of lead, cadmium, mercury and arsenic
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originate chronic toxicity (Inaba et al. 2005; Lebel et al.
1998; Vázquez et al. 2015).
The concrete possibility for accidental or criminal con-

taminations to enhance the amounts of “heavy metals”
in food beyond human health tolerance led European
Community to establish upper limits for metal amounts
in food (OJ L 364 2006). According to European legisla-
tion, each European Member State must monitor the
presence of lead, cadmium, mercury and arsenic in food.
Other metals such as vanadium, chromium, antimony,

aluminium and manganese have been investigated too.
Although their maximum limits in food have not been
established by European Community yet, such metals
could represent a potential risk for human health to
be evaluated according to “The precaution principle”
(COM/2000/0001 2000).
Thresholds values expressed as e.g. PTWI (Provisional

Tolerable Weekly Intake), ADI (Acceptable Daily In-
take), NOAEL (Non Observed Adverse Effect Level)
concerning the amounts of vanadium, chromium, antim-
ony, aluminium and manganese can be found in the
literature, enabling a rigorous assessment of their level
of risk for human health (Van Paemel et al. 2010).
In Europe a great deal of polluted sites have been

documented, thousands of these in Italy where 57 of
them are tagged as Contaminated Sites of National
Interest (SIN) subjected to remediation procedures
on the bases of the degree of environmental

contaminations, health risk and social alarm (DM
471/1991 1999; RSPP 2009-2010 2010). This list in-
cludes “Terra dei Fuochi” (“Land of Fires”), an area
of Campania region (Southern Italy) involving 55
municipalities characterized by illegal dumping of
toxic wastes and uncontrolled combustion of both
dangerous and urban solid waste (Additional file 1:
Figure S1).
The attention on this SIN “Land of Fires” is linked to

the centuries old dedication to this land for the agricul-
ture, renowned for the fertility of volcanic soil and abun-
dance of water.
Advantageous soil and weather conditions of this re-

gion have allowed the development of many orchard
houses and vegetable gardens in which a lot of different
kinds of fruits and vegetables (leaf vegetables, fruit vege-
tables, root vegetables, flower vegetables) are farmed.
In this area is possible to find not only small farmers

able to satisfy the demand of local markets but also
farms of larger sizes able to supply local and foreign
markets (NTR 24 2016; Agricoltura oggi 2015; Coldiretti
2016; Il sole 24 ore 2014).
The Italians diet, based on “Food Pyramid”, firstly

takes into account an high consumption of fruit and
vegetable which for their abundance of nutrients and
protective compounds, are considered essential for a
healthy and balanced diet (Piramide Alimentare Italiana
2003; Pellati 2012).

Table 1 Sampling in fields

Sampling date Sampling points (field) Number of farms Number of samples

6–8 November 2013 Giugliano in Campania 2 24 (8 peppers, 8 eggplants, 8 lettuces)

19 November 2013 Giugliano in Campania – Villa Literno 3 24 (8 peppers, 8 eggplant, 8 strawberries)

7 January 2014 Giugliano in Campania – Loc. Masseria del Pozzo 1 8 turnip greens

Fig. 1 Map of sampling points of vegetables collected in the fields near Resit landfill
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In 2003, World Health Organization (WHO) and UN
Food and Agriculture Organization (FAO) announced a
unified approach to promote greater consumption of
fruit and vegetable. This recommendation arises from
scientific data that identify in low fruit and vegetable in-
takes a key risk factor for heart diseases, cancer and
obesity (FAO/WHO 2003; Ministero delle Politiche
Agricole e Forestali/INRAN 2003). For this reason it is
necessary to improve the supply of fruits and vegetables
to meet global needs and to give a certification of quality
of these products.
Currently, the scientific knowledge about the transfer

of heavy metals from the soil to the fruits and vegetables
and their potential bioaccumulation is still insufficient

and conflicting (Luo et al. 2011; Adamo et al. 2014; Rossi
and Patanella 2016; Tang et al. 2016; Augustsson et al.
2015; Bashaa et al. 2014). To this aim, institutions and
scientific organizations are working to the “Land of
Fires” emergency for avoiding unfounded (useless) scare-
mongering that could confuse consumers and could
have serious consequences on the local economy.
Lately, Italian institutions appointed for the monitor-

ing environmental risks have implemented methods tar-
geted to keep metal-based potential injuries under
control (SENTIERI 2010).
The present study stands up an emergency raised by

Italian mass media, which reported a “heavy metal”
contamination of fruits and vegetables grown in the

Table 2 Sampling in the markets

Sampling date Sampling points (market) Number of samples

14 February 2014 Fondi (LT) 35 (5 strawberries, 8 lettuces, 8 peppers, 6 eggplants,8 turnip greens)

14 February 2014 Melito di Napoli (NA) 18 (2 strawberries, 5 lettuces, 4 peppers, 4 eggplants,3 turnip greens)

15 February 2014 Aversa (CE) 21 (1 strawberries, 2 lettuces, 8 peppers, 5 eggplants,5 turnip greens)

15 February 2014 Parete (CE) 9 (7 strawberries, 2 lettuces)

Table 3 Pb, Cd, total As and Hg in collected samples in fields: minimun and maximum concentration (mg kg− 1), Average
background value (mg kg− 1), ADI (mg kg− 1 per body weight per day), EDI (worst-case) (mg kg− 1 per body weight per day) and the
Metal daily quantity ingested respect to ADI (%); a) Szefer and Nriagu 2007; b) Van Paemel et al. 2010; c) WHO/SDE/WSH/03.04/74
2003 d); INRAN-SCAI 2005–06 2010; e) Leclercq et al. 2009

Metal Material Minimum
concentration(*)

Maximum
concentration(*)

Average
background valuea

ADIb,c EDI
(worst-case)d,e

Metal daily quantity
ingested respect to ADI (%)

LEAD Pepper LOD (0.010) 0.044 0.01–0.02 0.0036 0.000020 0.6

Eggplant LOD (0.010) 0.035 0.000040 1

Lettuce LOD (0.010) 0.027 0.000024 0.7

Strawberry LOD (0.010) LOQ (0.020) 0.0000066 0.2

Turnip greens LOQ (0.020) 0.044 0.000022 0.6

CADMIUM Pepper LOD (0.0010) 0.020 0.006 0.0001 0.0000091 9

Eggplant LOQ (0.010) 0.026 0.000030 30

Lettuce LOQ (0.010) 0.019 0.000017 17

Strawberry LOD (0.0010) LOQ (0.010) 0.0000033 3

Turnip greens LOQ (0.010) 0.027 0.000014 14

TOTAL
ARSENIC

Pepper LOQ (0.020) 0.029 0.003 0.005 0.000013 0.3

Eggplant LOQ (0.020) 0.031 0.000035 0.7

Lettuce LOQ (0.020) 0.020 0.000018 0.4

Strawberry LOQ (0.020) 0.044 0.000015 0.3

Turnip greens LOQ (0.020) 0.076 0.000039 0.8

MERCURY Pepper LOD (0.0050) LOD (0.0050) 0.002 0.0016 (**) 0.0003 (***) 0.0000023 0.1

Eggplant LOD (0.0050) LOD (0.0050) 0.0000058 0.4

Lettuce LOD (0.0050) LOQ (0.010) 0.0000090 0.6

Strawberry LOD (0.0050) LOD (0.0050) 0.0000017 0.1

Turnip greens LOD (0.0050) LOQ (0.010) 0.0000051 0.3

(*) LOD: Limit of detection. LOQ: Limit of quantification. (**) ADI of Hg. (***) ADI of CH3Hg
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fields surrounding the Resit dump of Giugliano (Campa-
nia region), a village located within the “Land of Fires”.
The aim was to determine the concentrations of Pb,

Cd, Hg, total As, V, Cr, Sb, Mn, Al in vegetable products
both in fields and marketplaces, to calculate metal daily
intake from fruit and vegetable consumers in order to
assess the potential health risk.

Methods
Sampling in fields near Resit landfill
Sampling was conducted from 2013 November to 2014
January by three consecutive times as reported (Additional
file 1: Appendix S1). Fifty-six samples of vegetables from
six farms near Resit landfill were collected (Table 1).
Figure 1 shows sampling points and ex Resit quarry.

Every sample, formed from five aliquots of two ki-
lograms, was accompanied by information required
for subsequent evaluation and interpretation of
results.
The samples were collected in accordance with the

Regulation (EC) n. 333/2007 (OJ L 88 2007).
On a total of fifty-six samples of vegetable and

fruit products collected, sixteen were pepper samples
(two fields), sixteen eggplant samples (two fields),
eight lettuce samples (one field), eight strawberry
samples (one field) and eight turnip greens samples
(one field).
One eggplant collected sample was excluded from the

statistical analysis and geographical results, although
analysed with compliant result, due to an inaccuracy of
its geographic coordinates.

Table 4 V, Sb, Cr, Al and Mn in collected samples in fields: minimun and maximum concentration (mg kg−1), Average background
value (mg kg−1), ADI (mg kg−1 per body weight per day), EDI (worst-case) (mg kg− 1 per body weight per day) and the Metal daily
quantity ingested respect to ADI (%); b) Van Paemel et al. 2010; c) WHO/SDE/WSH/03.04/74 2003 d); INRAN-SCAI 2005–06 2010; e)
Leclercq et al. 2009

Metal Material Minimum
concentration(*)

Maximum
concentration(*)

Average
background valuea

ADIb,c EDI
(worst-case)d,e

Metal daily quantity
ingested respect to ADI (%)

VANADIUM Pepper LOD (0.0050) LOD (0.0050) n.d. 0.010 0.0000023 0.02

Eggplant LOD (0.0050) LOQ (0.010) 0.000012 0.1

Lettuce LOD (0.0050) LOQ (0.010) 0.0000090 0.1

Strawberry LOD (0.0050) LOD (0.0050) 0.0000017 0.02

Turnip greens LOQ (0.010) 0.040 0.000021 0.2

ANTIMONY Pepper LOD (0.0050) LOD (0.0050) 0.0002–0.005 0.006 0.0000023 0.04

Eggplant LOD (0.0050) LOD (0.0050) 0.0000058 0.1

Lettuce LOD (0.0050) LOD (0.0050) 0.0000045 0.07

Strawberry LOD (0.0050) LOD (0.0050) 0.0000017 0.03

Turnip greens LOD (0.0050) 0.071 0.000036 0.6

CHROMIUM Pepper LOD (0.010) 0.051 0.04 0.001 Cr(VI) 0.000023 2

Eggplant LOQ (0.020) 0.055 0.000064 6

Lettuce 0.023 0.055 0.000050 5

Strawberry LOQ (0.020) 0.032 0.000011 1

Turnip greens LOQ (0.020) 0.043 0.000022 2

ALUMINIUM Pepper 0.26 2.0 1.8 0.150 0.00094 0.6

Eggplant 0.21 1.1 0.0012 0.8

Lettuce LOQ (0.20) 0.68 0.00061 0.4

Strawberry 1.7 5.2 0.0017 1

Turnip greens 2.1 24 0.012 8

MANGANESE Pepper 0.91 1.6 1.1 0.160 0.00073 0.5

Eggplant 0.91 2.4 0.0027 2

Lettuce 2.1 3.1 0.0028 2

Strawberry 1.8 2.8 0.00092 0.6

Turnip greens 1.8 5.7 0.0029 2

n.d. not available. (*) LOD Limit of detection, LOQ Limit of quantification
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Sampling in the local markets
The sampling was conducted in 2 days in 2014 February.
Eighty-three samples of vegetables from four markets
[Melito (Napoli), Aversa (Caserta), Parete (Caserta) and
Fondi (Latina)] were collected (Table 2).
The chosen markets for sampling were located in two

regions, Campania and Lazio, because there was a high
probability that the vegetable products originated in
fields near Resit landfill.
In the markets the same kind of vegetables and fruits

of the fields was collected. The sampling approach for
each product (strawberries, peppers, eggplants, lettuces
and turnip greens) was:

1) for a number of stands where the vegetable was
equal or less than 8, have been collected samples
from all stands; 2) for a number of stands more
than 8, have been chosen 8 stands random for
sampling.

Every sample was formed from one aliquot of two
kilograms.

Table 5 Pb, Cd, total As and Hg in collected samples in markets: minimun and maximum concentration (mg kg−1), Average
background value (mg kg−1), ADI (mg kg−1 per body weight per day), EDI (worst-case) (mg kg−1 per body weight per day) and the
Metal daily quantity ingested respect to ADI (%); b) Van Paemel et al. 2010; c) WHO/SDE/WSH/03.04/74 2003 d); INRAN-SCAI 2005–06
2010; e) Leclercq et al. 2009

Metal Material Minimum
concentration(*)

Maximum
concentration(*)

Average
background valuea

ADIb,c EDI
(worst-case)d,e

Metal daily quantity
ingested respect to ADI (%)

LEAD Pepper LOD (0.010) LOQ (0.020) 0.01–0.02 0.0036 0.000009 0.3

Eggplant LOD (0.010) LOQ (0.020) 0.000023 0.6

Lettuce LOD (0.010) 0.026 0.000023 0.6

Strawberry LOD (0.010) LOQ (0.020) 0.0000066 0.2

Turnip greens LOQ (0.020) 0.043 0.000022 0.6

CADMIUM Pepper LOQ (0.010) 0.016 0.006 0.0001 0.0000074 7

Eggplant LOD (0.0010) LOQ (0.010) 0.000012 12

Lettuce LOQ (0.010) 0.055 0.000049 49

Strawberry LOD (0.0010) LOQ (0.010) 0.0000033 3

Turnip greens LOQ (0.010) 0.076 0.000039 39

TOTAL ARSENIC Pepper LOQ (0.020) 0.097 0.003 0.005 0.000045 0.9

Eggplant LOQ (0.020) 0.046 0.000053 1

Lettuce 0.024 0.090 0.000081 2

Strawberry LOQ (0.020) 0.042 0.000014 0.3

Turnip greens 0.021 0.130 0.000066 1

MERCURY Pepper LOD (0.0050) LOQ (0.0100) 0.002 0.0016 (**)
0.0003 (***)

0.0000046 0.3

Eggplant LOD (0.0050) LOD (0.0050) 0.0000058 0.4

Lettuce LOD (0.0050) LOQ (0.010) 0.0000090 0.6

Strawberry LOD (0.0050) LOD (0.0050) 0.0000017 0.1

Turnip greens LOD (0.0050) LOQ (0.010) 0.0000051 0.3

(*) LOD Limit of detection, LOQ Limit of quantification. (**) ADI of Hg. (***) ADI of CH3Hg

Fig. 2 Pb and Cd results. Detected values of Pb and Cd contamination,
expressed in % respect to maximum level permitted (Maximum
level = 100%)

Melai et al. International Journal of Food Contamination  (2018) 5:8 Page 5 of 13



The samples were collected in accordance with the
Regulation (EC) n. 333/2007 (OJ L 88 2007).
Twenty samples of pepper (three markets), fifteen

samples of eggplant (three markets), seventeen samples
of lettuce (four markets), fifteen samples of strawberries
(four markets) and sixteen samples of turnip greens (three
markets) were collected, totally eighty-three samples of
vegetable and fruit products.
Every sample was accompanied by information re-

quired for subsequent evaluation and interpretation
of results.

Determination of metals
Every sample was analysed to determine levels of lead,
cadmium, mercury, total arsenic, vanadium, chromium,
antimony, manganese and aluminium.

The sample preparative step was made applying two
official methods UNI EN 13804:2013 and UNI EN
13805:2002.
The instrumental analysis of lead, cadmium, mer-

cury, total arsenic, vanadium, chromium and antim-
ony was conducted by inductively coupled plasma –
mass spectrometry (ICP-MS), for manganese and alu-
minium determination it was used inductively coupled
plasma – atomic emission spectrometry (ICP-AES).
For lead, cadmium, mercury, total arsenic determin-

ation it was applied official method UNI EN
15763:2010, accredited and validated according to, re-
spectively, ISO 17025:2005 and Regulation (EC) n.
333/2007 (OJ L 88 2007).
In every session it was analysed a certified reference

material as quality control for all investigated metals.

Table 6 V, Sb, Cr, Al and Mn in collected samples in fields: minimun and maximum concentration (mg kg−1), Average background
value (mg kg−1), ADI (mg kg−1 per body weight per day), EDI (worst-case) (mg kg−1 per body weight per day) and the Metal daily
quantity ingested respect to ADI (%); b) Van Paemel et al. 2010; c) WHO/SDE/WSH/03.04/74 2003 d); INRAN-SCAI 2005–06 2010; e)
Leclercq et al. 2009

Metal Material Minimum
concentration(*)

Maximum
concentration(*)

Average
background valuea

ADIb,c EDI
(worst-case)d,e

Metal daily quantity
ingested respect to ADI (%)

VANADIUM Pepper LOD (0.0050) 0.0110 n.d. 0.010 0.0000051 0.05

Eggplant LOD (0.0050) LOQ (0.010) 0.000012 0.1

Lettuce LOD (0.0050) LOQ (0.010) 0.0000090 0.1

Strawberry LOD (0.0050) LOD (0.0050) 0.0000017 0.02

Turnip greens LOD (0.0050) 0.042 0.000021 0.2

ANTIMONY Pepper LOD (0.0050) LOQ (0.0100) 0.0002–0.005 0.006 0.0000046 0.08

Eggplant LOD (0.0050) 0.0170 0.0000196 0.3

Lettuce LOQ (0.0100) 0.0120 0.0000108 0.2

Strawberry LOD (0.0050) LOQ (0.0100) 0.0000033 0.06

Turnip greens LOD (0.0050) 0.011 0.000006 0.09

CHROMIUM Pepper LOQ (0.020) 0.072 0.04 0.001 Cr(VI) 0.000033 3

Eggplant LOD (0.010) 0.039 0.000045 5

Lettuce LOQ (0.020) 0.086 0.000077 8

Strawberry LOQ (0.020) 0.024 0.000008 0.8

Turnip greens LOQ (0.020) 0.058 0.000030 3

ALUMINIUM Pepper LOD (0.20) 20 1.8 0.150 0.00920 6

Eggplant LOD (0.20) 0.34 0.0004 0.3

Lettuce 0.26 5.2 0.00468 3

Strawberry 0.43 3.1 0.0010 0.7

Turnip greens 2.2 24 0.012 8

MANGANESE Pepper 0.53 1.3 1.1 0.160 0.00060 0.4

Eggplant 1.0 3.2 0.0037 2

Lettuce 0.26 3.9 0.0035 2

Strawberry 0.70 9.9 0.00327 2

Turnip greens 1.3 4.8 0.0024 2

n.d. not available. (*) LOD Limit of detection, LOQ Limit of quantification
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Reagents and standards
Single element 1000 mg L− 1 stock standard solutions of
Pb, Cd, Hg, total As, V, Cr, Sb, Mn, Al, Ga (Gallium),
In (Indium), Re (Rhenium) and Y (Yttrium) of trace
analysis grade were purchased from Sigma-Aldrich.
Certified reference material BCR 1573a tomato leaves
was supplied by Sigma-Aldrich (St. Louis, MO, USA)
and reference material Fapas 07116 vegetable purèe
was purchased from FAPAS (Fera Science Ltd., Sand
Hutton YORK, UK).
All solutions were prepared with high-purity water of

18.2 MΩcm− 1 resistivity obtained from a PURELAB
Option-Q Elga Veolia (Pordenone, Italy). Reagents used
for the sample digestion were nitric acid (HNO3 ≥ 69%,
TraceSELECT, Sigma-Aldrich, St. Louis, MO, USA), and
oxygen peroxide (H2O2 Suprapur 30%, Merck,

Darmstadt, Germany). Argon gas 5.5 of 99.9995% purity
was supplied by Sapio (Monza, Italy).

Sample preparation
Before the analysis, all apparatus and glassware, intended
to come into direct contact with the sample, were
treated with 1 ÷ 2% HNO3 and then rinsed with high-
purity water.
About 1 g of homogenized sample was weighed into

PTFE vessels and dissolved in 5 mL 69% HNO3 and
1 mL 30% H2O2. Mineralization was performed in a
Multiwave 3000 microwave digestion system (Anton
Paar, Graz, Austria) according to the program shown in
Additional file 1: Table S1.
After cooling, the resulting clear solutions were quan-

titatively transferred into decontaminated volumetric
flasks and diluted exactly to a volume of 15 mL with
high-purity water.
Spiked samples, blank solutions and reference mate-

rials were prepared with the same procedure.
The analytical quality control was verified using spiked

samples, reference material Fapas 07116 for lead and
certified reference material BCR 1573a for all the other
investigated metals.

Instrumental analysis – ICP-MS
Analysis of Pb, Cd, Hg, total As, V, Cr and Sb was
carried out with an inductively coupled plasma mass
spectrometer Elan DRC II (PerkinElmer, Waltham, MA,
USA). The measurement was performed using standard
addition method and Ga, In, Re as internal standards.
Sample introduction was carried out using a peristaltic

pump connected to a Meinhard nebulizer with a cyc-
lonic spray chamber. The radio frequency (RF) power
was set in the range 1150 ÷ 1300 W, the plasma gas flow
was 15 L Ar min− 1, whereas the nebulizer gas flow was
daily optimized in the range 0.91 ÷ 0.93 L Ar min− 1.
The standard addition calibration method was used to

quantify the element of interest using the isotopes re-
ported in Additional file 1: Table S2.
Six standard additions ranging from 1 to 50 μg L− 1

were made and Re, Ga and In were used as internal
standards at the relative concentrations of 10, 20 and
4 μg L− 1 in all solutions (standards, blanks and samples),
in order to compensate any random signal fluctuations.
Diluted solutions were prepared with the same nitric

acid concentration of calibration standards (1 ÷ 2% v/v).
To avoid Hg memory effects in the sample introduc-

tion system (tube of peristaltic pump, nebulizer, spray
chamber), after each solution injected, a rinse with a so-
lution 2 mg L− 1 AuCl3 was performed for 45 s at least.
Instrumental general operating parameters are shown

in Additional file 1: Table S3.

Fig. 3 Sampling in fields: estimated exposure to metals by vegetables
consumption expressed in % in function of Acceptable Daaily
Intake (ADI = 100%)
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Instrumental analysis – ICP-AES
Analysis of Mn and Al was carried out with an induct-
ively coupled plasma atomic emission spectrometer
Optima 3000 (PerkinElmer, Waltham, MA, USA). The
measurements were performed at 293.305 and 396.153 nm
respectively by an external calibration with Y as internal
standard (371.029 nm).
Sample introduction was carried out using a peristaltic

pump connected to a Mira Mist nebulizer with a cyc-
lonic spray chamber. The RF power was set in the range
1300 ÷ 1350 W, the plasma gas flow was 15 L Ar min− 1,
the nebulizer gas flow was optimized in the range 0.6 ÷
0.7 L Ar min− 1.
Instrumental general operating parameters are shown

in Additional file 1: Table S4.

Vegetable products consumption data analysis
Vegetable consumption data was extracted from an
Italian survey of 2 years (2005–2006) by National Re-
search Institute of Food and Nutrition (INRAN) re-
garding the food consumption in Italy (INRAN-SCAI
2005-06, 2010).

It was considered the bracket of population with age
ranging from 10 to 18 years. The average estimated weight
of this population was 52.6 kg (Leclercq et al. 2009).

Health risk assessment of Pb, Cd, Hg, As, V, Cr, Sb, Mn, Al
In order to assess a potential health risk to the local con-
sumers by ingestion of metal contaminants derived from
investigated vegetable products it was applied the follow-
ing formula that shows an estimated daily intake (EDI):

EDI mgMetal=kgperbody weightperdayð Þ ¼ CMetal � Q
BWaverage

Where CMetal is the measured concentration of metal
in fresh vegetable (mg kg− 1), Q is the quantity of daily
vegetable ingested (kg) and BWaverage is the estimated
average body weight (52.6 kg).

Results and discussion
In Additional file 1: Tables S5, S6 and S7 are shown the
metal concentrations expressed in mg kg− 1 wet weight
on samples collected from fields, whereas in Additional

Table 7 Pb, Cd, total As and Hg in collected samples in fields: medium concentration (mg kg−1), ADI (mg kg−1 per body weight per
day), EDI (medium concentration) (mg kg−1 per body weight per day), Metal daily quantity ingested respect to ADI (%) and ratio of
EDI (worst case) to EDI (medium concentration); a) Szefer and Nriagu 2007; b) Van Paemel et al. 2010; c) WHO/SDE/WSH/03.04/74
2003 d); INRAN-SCAI 2005–06 2010; e) Leclercq et al. 2009

Metal Material Medium
concentration(*)

ADIb,c EDI(medium
concentration)d,e

Metal daily quantity
ingested respect to ADI (%)

EDI (worst case) /EDI
(medium concentration)

LEAD Pepper 0.019 0.0036 0.0000013 0.036 15

Eggplant 0.018 0.0000027 0.074 15

Lettuce 0.018 0.0000050 0.14 5

Strawberry 0.014 0.00000068 0.019 10

Turnip greens 0.026 0.0000016 0.043 14

CADMIUM Pepper 0.012 0.0001 0.00000082 0.82 11

Eggplant 0.017 0.0000026 2.6 11

Lettuce 0.016 0.0000044 4.4 4

Strawberry 0.0089 0.00000044 0.44 8

Turnip greens 0.017 0.0000011 1.1 13

Total ARSENIC Pepper 0.022 0.005 0.0000016 0.031 8

Eggplant 0.024 0.0000036 0.073 10

Lettuce 0.020 0.0000054 0.11 3

Strawberry 0.025 0.0000012 0.025 12

Turnip greens 0.028 0.0000017 0.035 23

MERCURY Pepper 0.0050 0.0016 (**)
0.0003 (***)

0.00000035 0.022 7

Eggplant 0.0050 0.00000075 0.047 8

Lettuce 0.0056 0.0000015 0.095 6

Strawberry 0.0050 0.00000025 0.015 7

Turnip greens 0.0069 0.00000042 0.026 12

(*) It was applied the upper bound approach (EFSA Scientific report(2010)) to calculate the medium concentration. The data not-detected was equal to value of
LOD and the data not-quantified was equal to LOQ. (**) ADI of Hg. (***) ADI of CH3Hg
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file 1: Tables S8, S9, S10, S11 and S12 on samples
collected from local markets.
Regulation (EC) n. 1881/2006 (OJ L 364 2006) sets

maximum levels for lead and cadmium in vegetable
products for human foodstuffs (Additional file 1:
Table S13); according to this regulation the max-
imum concentration of lead in peppers, eggplants
and strawberries was 0.10 mg kg− 1 wet weight, instead in
lettuces and turnip greens was 0.30 mg kg− 1 wet weight.
The maximum concentration of cadmium in peppers,
eggplants and strawberries was 0.050 mg kg− 1 wet weight,
in lettuces and turnip greens was 0.20 mg kg− 1 wet
weight.
All examinated samples were compliant for lead and

cadmium.

The lead and cadmium results of the samples collected
on the fields related to the distance of sampling point
from the nearest Resit dump are reported in Fig. 2.
The European Commission has not established max-

imum acceptable concentration for arsenic, mercury,
vanadium, antimony, chromium, manganese and alu-
minium in vegetable food, therefore it is not possible to
establish the compliance of samples.
The metal concentrations measured in all analysed

samples, were evaluated with regard to public health
based on literature information (e.g. ADI).
Tables 3, 4, 5, 6 show ADI for each metal related to

vegetables as components of national average diet and
background contamination avalaible values (WHO/SDE/
WSH/03.04/74 2003).

Table 8 V, Sb, Cr, Al and Mn in collected samples in fields: medium concentration (mg kg−1), ADI (mg kg−1 per body weight per
day), EDI (medium concentration) (mg kg−1 per body weight per day), Metal daily quantity ingested respect to ADI (%) and ratio of
EDI (worst case) to EDI (medium concentration); a) Szefer and Nriagu 2007; b) Van Paemel et al. 2010; c) WHO/SDE/WSH/03.04/74
2003 d); INRAN-SCAI 2005–06 2010; e) Leclercq et al. 2009

Metal Material Medium
concentration(*)

ADIb,c EDI(medium
concentration)d,e

Metal daily quantity
ingested respect to ADI (%)

EDI (worst case) /EDI
(medium concentration)

VANADIUM Pepper 0.0050 0.010 0.00000035 0.0035 7

Eggplant 0.0053 0.00000080 0.0080 15

Lettuce 0.0056 0.0000015 0.015 6

Strawberry 0.0050 0.00000025 0.0025 7

Turnip greens 0.019 0.0000012 0.012 18

ANTIMONY Pepper 0.0050 0.006 0.00000035 0.0059 7

Eggplant 0.0050 0.00000075 0.013 8

Lettuce 0.0050 0.0000013 0.022 3

Strawberry 0.0050 0.00000025 0.0041 7

Turnip greens 0.013 0.00000081 0.013 45

CHROMIUM Pepper 0.029 0.001 Cr(VI) 0.0000021 0.21 11

Eggplant 0.027 0.0000041 0.41 16

Lettuce 0.031 0.0000085 0.85 6

Strawberry 0.024 0.0000012 0.12 9

Turnip greens 0.024 0.0000014 0.14 15

ALUMINIUM Pepper 1.2 0.150 0.000084 0.056 11

Eggplant 0.57 0.000086 0.058 14

Lettuce 0.38 0.00010 0.068 6

Strawberry 3.3 0.00016 0.11 10

Turnip greens 9.8 0.00059 0.40 20

MANGANESE Pepper 1.2 0.160 0.000087 0.055 8

Eggplant 1.4 0.00022 0.13 13

Lettuce 2.4 0.00066 0.41 4

Strawberry 2.2 0.00011 0.069 8

Turnip greens 3.0 0.00018 0.11 16

(*) It was applied the upper bound approach (EFSA Scientific report(2010)) to calculate the medium concentration. The data not-detected was equal to value of
LOD and the data not-quantified was equal to LOQ
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In order to estimate the quantity of contaminant daily
ingested, it was considered the worst-case: maximum
concentration measured of every metal and, with pre-
cautionary approach, the more exposed consumers,
those from 10 to 18 years. The estimated average body
weight for this category is 52.6 kg.
In addition, the 95th percentile of daily consump-

tion quantity of each kind of vegetables is 24.2 g
peppers, 60.5 g eggplants, 47.3 g lettuces, 17.4 g
strawberries and 26.8 g turnip greens (INRAN-SCAI
2005–06 2010).
Then it was estimated the daily comsumption level of

contaminant on each vegetables in mg per kg body weight.
Tables 3, 4, 5, 6 show, for all analysed matrices, that

the daily acceptable level of investigated metals is not
ever exceeded, also considering the maximum value
measured.
The assumption of every contaminant investigated

by ingestion of local vegetable products does not
exceed, for each kind of analysed food, the 9% of
relative ADI, with the exception of cadmium, whose

concentration, however, is not greater than 50% of its
ADI.
For chromium it was considered, with precautionary

approach, the ADI of chromium (VI) notoriously toxic
because its concentration is a part of total measure (the
assumption of chromium by ingestion of investigated
vegetables is lower 9% of its ADI).
The estimated exposition values of the samples

collected in the fields related to the distance of
sampling point from the nearest Resit dump, are re-
ported in Fig. 3.
Since chronic food poisoning by metal is frequent, in

order to estimate the daily contaminant quantity
ingested, it was considered the medium concentration
measured of every metal and the most exposed con-
sumers (teenagers: 10 to 18 years). The estimated aver-
age body weight for this category is 52.6 kg.
In addition, the mean of daily consumption of each

kind of vegetables is 3.7 g peppers, 7.9 g eggplants,
14.2 g lettuces, 2.6 g strawberries and 3.2 g turnip greens
(INRAN-SCAI 2005–06 2010).

Table 9 Pb, Cd, total As and Hg in collected samples in markets: medium concentration (mg kg−1), ADI (mg kg−1 per body weight
per day), EDI (medium concentration) (mg kg−1 per body weight per day), Metal daily quantity ingested respect to ADI (%) and ratio
of EDI (worst case) to EDI (medium concentration); a) Szefer and Nriagu 2007; b) Van Paemel et al. 2010; c) WHO/SDE/WSH/03.04/74
2003 d); INRAN-SCAI 2005–06 2010; e) Leclercq et al. 2009

Metal Material Medium
concentration(*)

ADIb,c EDI(medium
concentration)d,e

Metal daily quantity
ingested respect to ADI (%)

EDI (worst case) /EDI
(medium concentration)

LEAD Pepper 0.012 0.0036 0.00000084 0.023 11

Eggplant 0.011 0.0000016 0.045 14

Lettuce 0.014 0.0000037 0.10 6

Strawberry 0.011 0.00000053 0.015 13

Turnip greens 0.025 0.0000015 0.043 14

CADMIUM Pepper 0.010 0.0001 0.00000073 0.73 10

Eggplant 0.006 0.00000087 0.9 14

Lettuce 0.019 0.0000051 5.1 10

Strawberry 0.0064 0.00000032 0.32 10

Turnip greens 0.018 0.0000011 1.1 36

Total ARSENIC Pepper 0.037 0.005 0.0000026 0.052 17

Eggplant 0.031 0.0000046 0.092 12

Lettuce 0.056 0.0000151 0.30 5

Strawberry 0.023 0.0000011 0.022 12

Turnip greens 0.060 0.0000036 0.073 18

MERCURY Pepper 0.0053 0.0016 (**)
0.0003 (***)

0.00000037 0.023 12

Eggplant 0.0050 0.00000075 0.047 8

Lettuce 0.0053 0.0000014 0.089 6

Strawberry 0.0050 0.00000025 0.015 7

Turnip greens 0.0059 0.00000036 0.023 14

(*) It was applied the upper bound approach (EFSA Scientific report(2010)) to calculate the medium concentration. The data not-detected was equal to value of
LOD and the data not-quantified was equal to LOQ. (**) ADI of Hg. (***) ADI of CH3Hg
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Then it was estimated the daily comsumption level of
contaminant on each vegetables in mg per kg body
weight.
The Tables 7, 8, 9, 10 show, for all analysed matrices,

the assumption of every contaminant investigated in
“normal conditions” (average metal level concentration
referred to the mean of food consumption).
Then, it was compared the contamination levels mea-

sured in the analysed samples to the relative background
contamination value in Europe reported in literature
(WHO/SDE/WSH/03.04/74 2003; Szefer and Nriagu
2007). The reported values are guidance only because
depending on several factors such as geographical area,
the type of soil, the type of plant, the bioavailability of
the individual elements, etc. The comparison between

the levels measured in this monitoring and the bottom
does not show substantial differences.
Tables 3, 4, 5, 6 show ADI related to vegetables as

components of national average diet and background
contamination avalaible values.

Conclusions
The aim of this study was the evaluation of consumers
exposure level to some metals (lead, cadmium, total
arsenic, mercury, aluminium, manganese, vanadium,
antimony and chromium), throught the intake of vegeta-
bles and fruits, potential subjects to polluting effects
caused by proximity Resit landfill.
This monitoring obtained the following considerations:

Table 10 V, Sb, Cr, Al and Mn in collected samples in markets: medium concentration (mg kg−1), ADI (mg kg−1 per body weight per
day), EDI (medium concentration) (mg kg−1 per body weight per day), Metal daily quantity ingested respect to ADI (%) and ratio of
EDI (worst case) to EDI (medium concentration); a) Szefer and Nriagu 2007; b) Van Paemel et al. 2010; c) WHO/SDE/WSH/03.04/74
2003 d); INRAN-SCAI 2005–06 2010; e) Leclercq et al. 2009

Metal Material Medium
concentration(*)

ADIb,c EDI(medium
concentration)d,e

Metal daily quantity
ingested respect to ADI (%)

EDI (worst case) /EDI
(medium concentration)

VANADIUM Pepper 0.0053 0.010 0.00000037 0.0037 14

Eggplant 0.0057 0.00000085 0.0085 14

Lettuce 0.0053 0.0000014 0.014 6

Strawberry 0.0050 0.00000025 0.0025 7

Turnip greens 0.023 0.0000014 0.014 15

ANTIMONY Pepper 0.0053 0.006 0.00000037 0.0062 12

Eggplant 0.0068 0.0000010 0.017 19

Lettuce 0.0102 0.0000027 0.046 4

Strawberry 0.0063 0.00000031 0.0052 11

Turnip greens 0.009 0.00000057 0.010 10

CHROMIUM Pepper 0.024 0.001 Cr(VI) 0.0000017 0.17 19

Eggplant 0.021 0.0000031 0.31 14

Lettuce 0.027 0.0000073 0.73 11

Strawberry 0.020 0.0000010 0.10 8

Turnip greens 0.033 0.0000020 0.20 15

ALUMINIUM Pepper 1.7 0.150 0.00012 0.080 77

Eggplant 0.22 0.000033 0.022 12

Lettuce 1.3 0.00036 0.24 13

Strawberry 1.2 0.000057 0.038 18

Turnip greens 9.7 0.00059 0.39 20

MANGANESE Pepper 0.9 0.160 0.000064 0.040 9

Eggplant 1.6 0.00024 0.15 15

Lettuce 1.1 0.00030 0.19 12

Strawberry 2.9 0.00014 0.089 23

Turnip greens 3.1 0.00019 0.12 13

(*) It was applied the upper bound approach (EFSA Scientific report (2010)) to calculate the medium concentration. The data not-detected was equal to value of
LOD and the data not-quantified was equal to LOQ
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1. all samples tested for lead and cadmium, collected
in the fields near to Resit landfill and in local
markets, were compliants with European Regulation
(OJ L 364 2006);

2. in all analysed matrices, the level of each
investigated metal does not exceed the acceptable
daily intake, considering the worst-case (at the con-
centration value as the maximum level determined
and at 95th of daily vegetable consumption). The
intake of each analysed contaminant through the
consumption of local vegetables and fruits, does not
exceed, for all tested matrices, the 9% of relative
ADI. Although cadmium is the only one exception,
it does not exceed 50% of its ADI;

3. in all analysed matrices, the level of each
investigated metal, considering “normal conditions”
(at the average concentration level and at the mean
quantity of vegetable consumption) is much lower
than worst-case (from 3 to 45 times in field prod-
ucts and from 4 to 77 times in market vegetables);

4. since it could not be obtained any control samples
from similar regions at lower risks of environmental
pollution due to several factors (e.g. type of soil), the
metal contamination levels measured in this study
were compared with relative background values. This
comparison does not highlight significant differences.
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