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� laboratory tests are in progress aimed at identifying biomarkers and

possible pathways of migration of contaminants from soils and waters to

products intended for human consumption.

� Toxicity tests in vivo are performed, aimed at assessing the phytotoxicity

and genotoxicity of contaminants in the soil or in the waters of model plants

(Vicia faba) allowed to grow directly on the solid matrix and/or irrigated

with local contaminated water.

� The identification and quantification of different alterations can be used as

biomarkers in organisms exposed to contaminated environments

Geochemical vulnerability monitoring aimed at a correct

management of the soil use in some risk areas of the Pollino

National Park (Basilicata)" (MoGeSPol)

PROJECT
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Contamination of soils and waters, commonly

associated with anthropogenic causes, may,

however, be linked to the presence of rocks and

soils that naturally contain these metals.

Chromium and nickel are particularly abundant

in the ultramafic rocks, as well as in soils

resulting from these pedogenetic processes

(Kierczak et al., 2007).

In general, the weathering of these rocks may cause

groundwater pollution (Kierczak et al., 2007) that, in the case

of the Pollino Massif, is mostly related to the release of Cr and

Ni in solution and, to a lesser extent, also to the release of Mg

and Pb (Margiotta et al., 2012).

The principal geochemical process able to release Cr (VI)

starting from the rock is the dissolution of chromite and, to a

lesser extent, magnetite and diopside, all phases containing Cr

(III).

Very high concentrations of Cr (VI) were also detected in water

circulating in Pleistocene conglomerates, due to the presence

of a significant serpentine component

Groundwater contamination



Compositional characterization 

Ultramafic rock with high content ogn
Mg (10x), Cr (100x) e Ni (100x)
compared to the upper continental
crust

• Cr

Serpentinite 2349 mg/kg

Gneiss 217 mg/kg

• Ni

Serpentinite 2318 mg/kg

Gneiss 77 mg/kg

GNEISS

• Garnet Ca3Cr2(SiO4)3

• Clorite (MgFeAl)12(SiAl)8O20(OH)16

• Quartz SiO2

• Plagioclase (Na,Ca)(Si,Al)4O8

• Mica (KNaCa)2(AlMgFe)4-6(SiAl)8O20(OH,F)4

SERPENTINITES

• Serpentine Mg3(Si2O5)(OH)4

• Pirosseno (MgFe)Sio3

• Olivine (MgFe)2Al2O4

• Clorite (MgFeAl)12(SiAl)8O20(OH)16

• Spinel FeCr2O4



Materials and Methods

In vivo testing: 

sampling 

Local water containing Cr6+ Distilled water

Sandy soil Sandy soil + Local water Sandy + Distilled water

Soil 1 Soil 1 + Local water Soil 1 + Distilled water

Soil 2 Soil 2 + Local water Soil 2 + Distilled water

Soil 3 Soil 3 + Local water Soil 3 + Distilled water



Soil (3) = non serpentine and nonfarm soil outside the 
area of San Severino Lucano area

Soil (2) = nonfarm serpentine soil sampled in the San 
Severino Lucano area

Soil (1) = agricultural serpentine soil in the San 
Severino Lucano area

Materials and Methods    
Sampling

Soil (1) = agricultural 
serpentine soil in the 
San Severino Lucano 
area

Irrigated with Local water containing Cr6

Soil (2) = nonfarm serpentine soil 
sampled in the San Severino Lucano area

Irrigated with distilled water

Soil (3) = non serpentine and nonfarm soil 
outside the area of San Severino Lucano area





Sample
Cd

mg/kg

Cr tot

mg/kg

Cu

mg/kg

Ni

mg/kg

Pb

mg/kg

Zn

mg/kg

Cr (VI)

mg/kg

A1 Broccoli (fruit) 0.04 0.30 4.04 8.03 0.31 35.4 < 0.5

A2
Broccoli

(leaves)
0.10 1.27 3.18 4.02 0.32 14.5 < 0.5

B1 Onion 0.03 0.94 2.77 8.11 0.13 11.8 < 0.5

C1 Potato 0.04 1.08 5.02 5.08 0.05 13.3 < 0.5

D1 Celery 0.08 4.29 8.12 15.71 0.43 35.0 < 0.5

E1 Rucola 0.20 2.96 4.26 18.26 0.33 34.9 < 0.5

F1 Turnip Top 0.06 1.76 3.32 9.87 0.16 27.1 < 0.5

G1 Cauliflower (foglia) 0.04 3.91 7.36 12.70 0.18 23.5 < 0.5

H1 Fennel 0.04 25.05 8.13 26.28 0.30 23.4 < 0.5

I1 Chard 0.03 3.20 9.76 16.02 0.21 47.4 < 0.5

L1 Beet 0.06 0.38 9.43 6.83 0.10 48.5 < 0.5

M1 Lattuce (outer) 0.15 6.41 72.19 16.16 0.59 31.5 < 0.5

M2 Lattuce (centre) 0.17 4.18 60.76 11.99 0.52 44.5 < 0.5

N1 Strawberry 0.01 < 0.5 2.72 3.93 0.21 9.8 < 0.5

O1 Asparagus 0.05 1.12 25.27 18.70 0.34 105.4 < 0.5

P1 Pepper 0.06 12.47 8.08 11.64 0.38 21.5 < 0.5

Q1 Tomato 0.04 2.84 8.95 2.90 0.12 16.9 < 0.5

R1 Aubergine 0.04 6.98 5.72 5.84 0.26 21.3 < 0.5

S1 Cucumber 0.04 13.28 7.39 14.13 0.48 33.8 < 0.5

Media 0.07 6.76 23.89 10.66 0.36 35.6

Dev. St. 0.06 4.64 27.30 5.84 0.16 30.2

Chemical analysis on edible plant (in progress)

Cr(VI) in the water may cause in

plant, being at the base of the

food chain, a potential

accumulation of toxic

substances (heavy metals) in

their tissues and become a

potential danger to animal and

human health



Water pollution

REPEAL THE Council Directive 98/83/EC

on the quality of water intented for

human consumption. Adopted by the

Council, on 3 November 1998

The Legislative Decree 152/2006

� Environment Act, it covers many

environmental sectors

Concern the prevention of water pollution and water management sets as reference

values:

1. surface water bodies, total chromium 50 ug L-1

2. surface water intended for drinking water production, total chromium 50μg L-1The

concentration threshold of contamination of groundwater is defined 50 g L-1 for total

chromium and 5 ug L-1 for Cr (VI)

Maximum Contaminant Level (MCL) = 0.1 milligrams per Liter (mg/L) or 100

parts per billion (ppb)

ITALY

EPA

EUROPE



Serpentinite Gneiss Conglomerates Slates

Cr (VI)
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Serpentinites Gneiss Conglomerates Slates

Nickel
CSC = 20 µg/L (Concentration threshold for groundwater for human consumption- D.Lgs 152/2006)



Serpentinite

Conglomerates

Gneiss

Simulation of the

processes of water-rock

interaction in laboratory

starting from the natural

conditions in situ are in

progress



Materials and Methods

Phytotoxicity and genotoxicity 

tests

Vicia faba seedling

primary root

root meristem

Total gemination percentage

Number of seeds germinated sample/total number seeds * 100

*100

Germination index

(Average lenght root sample)*(number germinated seeds sample)

(Average lenght root control )*(number germinated seeds control)



Micronuclei test: Micronuclei are Feulgen positive corpuscles localised within the

cell wall in the cytoplasmatic area surrounding the main nucleus. They are formed

by chromosome or chromosome fragments that are not incorporated into

daughter nuclei at the time of cell division (Ma, 1982).

The genotoxic effects were evaluated by following the frequency of micronucleated

cells in V. faba root meristems (De Marco et al., 1990; De Simone et al., 1992). The

micronucleated cells frequency was scored from 15.000 cells (12 root tips, 400–500

cells for tip).

� MICRONUCLEI

The micronuclei test is performed using root

meristems of Vicia faba. The micronucleated

cells frequency is scored from 15.000 cells

(15 root tips, 1.000 cells for tip).

Each experimental data set, is tested by

ANOVA with Dunnett test for comparing the

difference of its mean and standard error at

0.05 level of statistical significance versus the

control group. The statistical software

package SPSS (Chicago, IL) is used.
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Results: phytotoxicity

From the data obtained, we observe that for

each type of soil the number of germinated

seeds was statistically similar among the thesis

irrigated with water containing hexavalent

chromium Cr and irrigated with distilled water.



Results: phytotoxicity



Results: phytotoxicity

.“*” indicates significant differences compared by ANOVA with Dunnett test at p <0.05.



Results: genotoxicity

No significant difference in the frequency of

micronuclei , and so no permanent damage to

the DNA , having been found close to zero for

each thesis



This experimental proposal aims to support the idea that DNA damage can

be used as a biomarker of exposure in the domestic population exposed

chronically to trivalent chromium, which may be the population of San

Severino Lucano exposure due to Cr (III) ingestion of local agricultural

products potentially rich in this form of metal.

(Biomonitoring of the population exposed)

In addition we studied cell lines exposed to Cr and we intended to

complement the study of changes in the profiles of expression of microRNA

after exposure of the cells to Cr (III) and Cr (VI), in order to identify new

molecular markers of exposure.

Since the preliminary results of the phytotoxicity and genotoxicity tests on

Vicia faba seeds do not seem to evidence adverse significant effects

detectable when exposed with soil and/or water contaminated with

hexavalent chromium



Cell line

In vitro testing

In this study, we used human hepatoma HepG2

cells, which have been used in a number of

genotoxicity tests, as a model to study oxidative

stress and genotoxicity associated with exposure

to potassium chromate at concentration

0.5,1,2,4 μM at 24h. The cells obtained from the

Riken Cell Bank (Tsukuba, Japan) were cultured

in Eagle’s minimal essential medium (MEM)

(Nissui, Tokyo, Japan) supplemented with 1%

non essential amino acid (Invitrogen, Carlsbad,

CA), 10% fetal bovine serum, and 60 mg/mL

kanamycin at 37°C and 5% CO2.





Results: comet assay

Since many studies suggest that occupational exposure to trivalent chromium can lead to DNA damage detectable

in human lymphocytes and that the absorption of Cr (III) in the exposed population may be slow but effective if

the 'exposure is continued for prolonged periods also it aims to also study the genotoxic effect of Cr (III) in cell

lines of human hepatocellular carcinoma HepG2, as investigated for Cr (VI) to Patlolla et al (2009).

Meibian et al 2008

Rudolf and Cervinka, 2003
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Results: comet assay

In the present study we have analyzed the genotoxic potential of Cr (VI) in HepG2 cell line. The results

demonstrate that Cr (VI) induces significant cytotoxic effect at the higher concentrations (2 and 4 μM) and DNA

damage at early stages of exposure at concentration of 1 μM in cell line. It is interesting to study the correlation

of oxidative stress to the cellular damaging potentials of Cr (VI).
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The mutagenic potential of the Cr (VI)

reduction with intracellular formation of

intermediate forms (Cr ( V ) , Cr ( IV ) )to the

final form of Cr (III)

and the generation of reactive oxygen species

(ROS). This forms nay react with DNA and

determine diverse abnormalities including

inhibition of DNA replication

The expression profiles of miRNA were

investigated in HepG2 cell line after exposure

to Cr(VI) at 24 hours in order to understand

the regulatory functions of miRNA expressed

Cr(VI)
Cr(III)

FUTURE WORKS



IN VITRO
Jurkat

HepG2

There are several techniques for assessing 

changes in gene expression: the DNA 

microarray and, most recently, the study of 

MicroRNA (miRNAs) for the detection of early 

indicators in various diseases. MiRNAs are a 

novel class of small noncoding RNAs that 

modulate the expression of genes at the 

posttranscriptional level. These small 

molecules have been shown to be involved in 

cancer, apoptosis, and cell metabolism. 

Development of new analytical methodologies, particularly the techniques of 

toxicogenomics, help establish the cause-effect relationship between genes 

and environmental stressors

The expression profiles of mRNA and miRNA were 

investigated in two cell lines (Jurkat and 293T) after 

exposure to arsenic from 24 hours to six days in order to 

understand the regulatory functions of miRNA expressed 

in the modulation of translation of specific mRNA target 

by use of microarray technology. 

Collaborazione con il Dipartimento di Biotecnologie

Cellulari ed Ematologia dell‘Università La Sapienza

(Prof. Macino)



Conclusions
�This experimental proposal aims to support the idea that

DNA damage can be used as a biomarker of exposure in the

domestic population exposed chronically to trivalent

chromium

�The study of changes in expression of micro RNA profiles

after exposure of the cells to Cr (III) and Cr (VI), in order to

identify new molecular markers of exposure.

�Understand the aspect of epimutagenesis and subsequent

alterations in the cellular level due to Chromium-induced

molecular changes, to develop putative therapeutic

preventive strategies in humans.

Epigenetic
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Stress
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Future works




