Volume 19 – No. 10b - 2010
pp. 2391 - 2455

- Special Issue -

MESAEP
15th International Symposium on Environmental Pollution
and its Impact on Life in the Mediterranean Region
October 07 - 11, 2009, Bari - Italy
TOPICS:

- Biodiversity and sustainability
- Sustainable mobility and renewable energy use to combat pollution
- Natural and artificial radioactive pollution

Official Journal of:
MESAEP - Mediterranean Scientific Association
of Environmental Protection e.V.
IAES - International Academy of Environmental Safety
SECOTOX- Society of Ecotoxicology and Environmental
Safety

© by PSP Volume 19 – No 10b. 2010

Fresenius Environmental Bulletin

FEB – Fresenius Environmental Bulletin
founded jointly by F. Korte and F. Coulston
Production by PSP – Parlar Scientific Publications, Angerstr. 12, 85354 Freising, Germany
in cooperation with Lehrstuhl für Chemisch-Technische Analyse und Lebensmitteltechnologie,
Technische Universität München, 85350 Freising - Weihenstephan, Germany
Copyright © by PSP – Parlar Scientific Publications, Angerstr. 12, 85354 Freising, Germany.
All rights are reserved, especially the right to translate into foreign language. No
part of the journal
may be reproduced in any form- through photocopying, microfilming or other processesor converted to a machine language, especially for data processing equipment- without
the written permission of the publisher. The rights of reproduction by lecture, radio
and television transmission, magnetic sound
recording or similar means are also reserved.
Printed in GERMANY – ISSN 1018-4619
1

© by PSP Volume 19 – No 10b. 2010

Fresenius Environmental Bulletin

Environmental Toxicology:

FEB - EDITORIAL BOARD

Prof. Dr. H. Greim
Senatskomm. d. DFG z. Prüfung gesundheitsschädl.
Arbeitsstoffe
TU München, 85350 Freising-Weihenstephan, Germany

Chief Editor:
Prof. Dr. H. Parlar
Institut für Lebensmitteltechnologie und Analytische
Chemie
TU München - 85350 Freising-Weihenstephan, Germany
e-mail: parlar@wzw.tum.de

Prof. Dr. A. Kettrup
Institut für Lebensmitteltechnologie und Analytische
Chemie
TU München - 85350 Freising-Weihenstephan, Germany

FEB - ADVISORY BOARD

Co-Editors:
Environmental Analytical Chemistry:

Environmental Analytical Chemistry:

Dr. D. Kotzias

K. Ballschmitter, D - K. Bester, D - K. Fischer, D - R.
Kallenborn, N
D.C.G. Muir, CAN - R. Niessner, D - W. Vetter, D - P.
Conte, I

Commission of the European Communities,
Joint Research Centre, Ispra Establishment,
21020 Ispra (Varese), Italy

Environmental Proteomic and Biology:
D. Adelung, D - G.I. Kvesitadze, GEOR
A. Reichlmayr-Lais, D - C. Steinberg, D - R. Viswanathan,
D

Environmental Proteomic and Biology:

Prof. Dr. A. Görg

Environmental Chemistry:

Fachgebiet Proteomik
TU München - 85350 Freising-Weihenstephan, Germany

J.P. Lay, D - J. Burhenne, D - S. Nitz, D - R. Kreuzig, D
D. L. Swackhammer, U.S.A. - R. Zepp, U.S.A. – T. Alpay, TR
V. Librando; I

Prof. Dr. A. Piccolo
Università di Napoli “Frederico II”,
Dipto. Di Scienze Chimico-Agrarie
Via Università 100, 80055 Portici (Napoli), Italy

Environmental Management:

Prof. Dr. G. Schüürmann

Environmental Toxicology:

O. Hutzinger, A - L.O. Ruzo, U.S.A - U. Schlottmann, D

UFZ-Umweltforschungszentrum,
Sektion Chemische Ökotoxikologie Leipzig-Halle GmbH,
Permoserstr.15, 04318 Leipzig, Germany

K.-W. Schramm, D - H. Frank, D - H. P. Hagenmeier, D
D. Schulz-Jander, U.S.A. - H.U. Wolf, D – M. McLachlan, S

Environmental Chemistry:

Prof. Dr. M. Bahadir

Managing Editor:
Dr. G. Leupold

Institut für Ökologische Chemie und Abfallanalytik
TU Braunschweig
Hagenring 30, 38106 Braunschweig, Germany

Institut für Chemisch-Technische Analyse und Chemische
Lebensmitteltechnologie, TU München
85350 Freising-Weihenstephan, Germany
e-mail: leu@wzw.tum.de

Prof. Dr. M. Spiteller
Institut für Umweltforschung Universität Dortmund
Otto-Hahn-Str. 6, 44221 Dortmund, Germany

Prof. Dr. Ivan Holoubek
RECETOX_TOCOEN
Kamenice 126/3, 62500 Brno, Czech Republic

Editorial Chief-Officer:
Selma Parlar

Environmental Management:

PSP- Parlar Scientific Publications
Angerstr.12, 85354 Freising, Germany
e-mail: parlar@psp-parlar.de - www.psp-parlar.de

Dr. H. Schlesing

Marketing Chief Manager:
Max-Josef Kirchmaier

Secretary General, EARTO,
Rue de Luxembourg,3, 1000 Brussels, Belgium

MASELL-Agency for Marketing & Communication, PublicRelations
Angerstr.12, 85354 Freising, Germany
e-mail: masell@masell.com - www.masell.com

Prof. Dr. F. Vosniakos
T.E.I. of Thessaloniki, Applied Physics Lab.
P.O. Box 14561, 54101 Thessaloniki, Greece

Dr. K.I. Nikolaou
Organization of the Master Plan &
Environmental Protection of Thessaloniki (OMPEPT)
54636 Thessaloniki, Greece

Abstracted/ indexed in: Biology & Environmental Sciences,
BIOSIS, C.A.B. International, Cambridge Scientific Abstracts,
Chemical Abstracts, Current Awareness, Current Contents/ Agriculture, CSA Civil Engineering Abstracts, CSA Mechanical & Transportation Engineering, IBIDS database, Information Ventures, NISC,

2

© by PSP Volume 19 – No 10b. 2010

Fresenius Environmental Bulletin

Research Alert, Science Citation Index (SCI), SciSearch, Selected
Water Resources Abstracts

1

© by PSP Volume 19 – No 10b. 2010

Fresenius Environmental Bulletin

MESAEP
Mediterranean Scientific Association of Environmental Protection e.V.

The 15th International Symposium on Environmental Pollution and its Impact on Life in the Mediterranean Region
was organised by MESAEP and other international and national institutions in Bari, Italy from October 7 to 11,
2009.
The objectives of this symposium were to provide a forum for interested scientists of different countries to:
•

exchange recent results related to environmental pollution processes and their effects on natural resources,
public health and economy in the Mediterranean region

•

discuss current scientific, technological and legal issues to avoid or reduce the degradation of the Mediterranean environment

•

provide suggestions and recommendations to regulatory authorities on environmental quality and safety in the
Mediterranean and other neighboring countries.

The General Theme of the Conference was:
“Environmental Threats in the Mediterranean Region: Problems and Solutions”.
The main results of the 15th symposium papers are included in six successive issues of the international journal
“Fresenius Environmental Bulletin” (FEB):
Issue 1: Agricultural, domestic and industrial wastes - Soil quality, pollution, degradation and desertification
Issue 2 and 3: Water quality and pollution
Issue 4: Outdoor and indoor air quality and pollution - Crops and food quality and pollution - Environment and
human health
Issue 5: Animal health risks - Intercompartmental element fluxes and climate changes and effects on the ecosystem
and human health
Issue 6: Biodiversity and sustainability - Sustainable mobility and renewable energy use to combat pollution Natural and artificial radioactive pollution
The results of this symposium will contribute undoubtedly to the advancement of the environmental scientific
knowledge and hence, to the improvement of the Mediterranean region environment.
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CAN FUNCTIONAL GROUPS BE USED
TO DISCRIMINATE BETWEEN SITES ALONG A WATER
QUALITY GRADIENT IN MALTESE COASTAL WATERS?
Marthese Azzopardi* and Patrick, J. Schembri
Department of Biology, University of Malta, Msida MSD2080, Malta

ABSTRACT
This study investigates whether macroalgal functional
groups can be used to distinguish between rocky shores
subject to different degrees of anthropogenic stress.
Macroalgae from seven sites situated along the rocky upper
infralittoral (0-50 cm depth) of Malta and Gozo were seasonally sampled in 2003 and 2004. A total of 86 macroalgal species belonging to the following functional types
were found: 6 articulated, 23 corticated-terete, 6 crustose, 35
filamentous and 16 foliose. The ANOSIM procedure applied
to the percentage cover of each functional group detected
sig-nificant differences between years, sites and seasons.
The SIMPER procedure showed that the functional
groups foliose, crustose and corticated-terete mostly contributed to determine the observed patterns in hierarchical
group-average linkage cluster analysis and nMDS ordination. On the basis of the multivariate analyses made, it may
be concluded that functional groups discriminated among
sites.

KEYWORDS: Rocky shores; Macroalgal assemblages; Malta;
Multivariate analyses; Functional groups.

INTRODUCTION
Macroalgae dominate subtidal rocky shores of temperate seas, where they have a fundamental role in determining biomass production and biodiversity of coastal systems. Macroalgae are considered as good descriptors of
benthic communities and are widely utilized to characterize and monitor coastal systems; they are also one of the
biological quality elements for the evaluation of ecological
quality required by the European Water Framework Di-

rective (WFD, 2000/60/EE) [1]. The structure of
macroalgal assemblages is usually described by species
composition and abundance, but the use of functional
groups is becoming more widespread. However, in the
Mediterranean Sea, the functional groups approach has
received little attention and results have been variable [2,
3]. The present work investigates if functional groups are
as good as species to distinguish between seven rocky
shores which are subject to different degrees of anthropogenic stress and which were therefore expected to have a
different ecological status.
MATERIALS AND METHODS
Seven shores around Malta (Fig. 1) were selected to
have the same substratum type and comparable slopes but
different degrees of anthropogenic impact. Site selection
was based on the results of a long-term monitoring programme of local inshore waters based on measurement of
dissolved nutrients, chlorophyll a concentration and of water
transparency as indicators of environmental quality [4].
Five replicate 0.5 m × 0.05 m quadrats were placed at
random in the upper infralittoral zone at each site and the
percentage cover of each species of macroalga present was
recorded three times a year in 2003 and 2004. Site locations included the Malta Freeport which is a large commercial transhipment centre, the Grand Harbour which is
subject to episodes of eutrophication, and a reference site
in Gozo.
Each macroalgal species identified was assigned to the
appropriate algal functional group based on the model proposed by Steneck & Dethier [5]. The following functional
groups were used: filamentous, foliose, corticated-terete,
articulated calcareous and crustose. Leathery macroalgae
were not present in the assemblages studied.
The species and functional group datasets were analysed using non-metric multidimensional scaling (nMDS)
and hierarchical group-average linkage cluster analysis, both
based on the Bray-Curtis similarity measure, and ANOSIM.
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RESULTS AND DISCUSSION

Principal Components Analysis (PCA) was applied to water
parameters. Computations were made using PRIMER 6 [6].

PCA ordination of environmental variables (Fig. 2)
clearly distinguished the sites with PC1 and PC2 collectively
explaining 77.3% of the variation; PC1 appeared related to
chlorophyll a content and BAC, and PC2 to dissolved phosphate. The sites could therefore be arranged in a series with
Qbajjar as the reference site and, in order of deteriorating
water quality, St. Paul’s Bay, Marsascala (J), St. Angelo,
Manoel Island, Birzebbuga and Marsascala (W).
A total of 86 macroalgal species were found: 19 Chlorophyta, 25 Heterokontophyta and 42 Rhodophyta. Of these, 6
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FIGURE 2 - PCA ordination of the sites based on mean values of
salinity, temperature, dissolved nitrate, dissolved phosphate, Beam
Attenuation Coefficient (BAC) and chlorophyll a content, recorded
between 1998 and 2003 as given in the ‘Monitoring Programme for
Coastal Waters’[4]. Site codes are as given in Fig. 1. Percentage
variation explained collectively by PC1 and PC2 = 77.3%.
FIGURE 1 - Maps showing the location of: (a) the Maltese Islands in
the Mediterranean; (b) the seven study sites.
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FIGURE 3 - Hierarchical group-average linkage clustering and nMDS ordination plots for mean infralittoral macroalgal percent cover for
(a) species, and (b) functional groups. Site codes are as given in Fig. 1.
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FIGURE 4 - NMDS ordination diagrams (based on fourth root transformed data and the Bray-Curtis similarity measure) for the 2003 and
2004 combined macroalgal percent cover datasets, with values of mean percent cover of: (a) articulated; (b) corticated-terete; (c) crustose;
(d) filamentous and (e) foliose macroalgae, as overlays. Site codes are as given in Fig. 1.

were articulated, 23 corticated-terete, 6 crustose, 35 filamentous and 16 foliose species. One-way ANOSIM on the
percentage cover of each functional group detected significant differences between sites both in 2003 (Global R =
0.413; P < 0.001) and in 2004 (Global R = 0.283; P < 0.001).
The ANOSIM Global R value for the species list was also
significant (R = 0.731; P < 0.001). The SIMPER procedure showed that the functional groups foliose, crustose
and corticated-terete species mostly contributed to determine the observed patterns in the cluster analysis and nMDS
(Figs. 3 and 4). Several species assigned to the corticatedterete group, including Gracilaria spp., Acanthophora spp.
and Gigartina spp., are known to dominate in degraded
marine infralittoral ecosystems [7] and in fact, Gigartina
sp. contributed to 30% coverage at Marsascala (J) and 24%
at Marsascala (W).

CONCLUSIONS
On the basis of the multivariate analyses made, it may
be concluded that the functional groups approach did discriminate between the sites. However, the ordination obtained using functional groups did not agree with that obtained when using water quality parameters. Moreover,
compilation of species lists permitted a higher resolution separation of the infralittoral macroalgal communities at the various sites. For example, Qbajjar was distinct
from the rest of the sites studied when the species dataset
was used, but not when the functional groups dataset was
employed. These results are in agreement with other studies where both approaches were used (for example, [8]).
Species ordination also does not correspond to the water
quality ordination but, the reference site was clearly separated from the others and three of the four sites with bad
ecological status (according to the PCA ordination) group
together on the same side of the nMDS plot.
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Therefore, functional groups may allow the evaluation
of the structure of Mediterranean macroalgal communities
in relation to the degree of anthropogenic impact, although
with more loss of information than using species-level data.
Clearly, further work is necessary to optimise ecological
status evaluation protocols and to find a robust and costeffective monitoring method using a combination of the
species and functional groups approaches.
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ISOLATION OF ORGANOPHOSPHORUS-DEGRADING
BACTERIA FROM AGRICULTURAL MEDITERRANEAN SOILS
Roberta Fodale1,2, Claudio De Pasquale*1, Luca Lo Piccolo2,
Eristanna Palazzolo1, Giuseppe Alonzo1 and Paola Quatrini2
1

Dipartimento di Ingegneria e Tecnologie Agro Forestali, Università degli Studi di Palermo, Viale delle Scienze , edificio 4, 90128 Palermo, Italy
Dipartimento di Biologia Cellulare e dello Sviluppo “A. Monroy”, Università degli Studi di Palermo, Viale delle Scienze, 90128 Palermo, Italy

2

ABSTRACT
Pesticides are biologically active compounds designed
to interfere with metabolic processes and environmental
safety. The biodiversity of organophosphorus degrader
bacteria in Mediterranean agricultural soils was evaluated.
47 strains were isolated from Sicilian soils under different
management systems. The isolates were obtained from enrichment cultures containing parathion as an exclusive carbon source. They were grouped into 20 Operational Taxonomic Units (OTUs) on the base of the ribosomal Internal
Transcribed Spacer (ITS) polymorphism. A positive and
significative correlation was found between bacterial biodiversity and such soil chemico-physical characteristics
(soil clay content, cationic exchange capacity and carbon
percentage). The strains, identified by partial sequencing of
16S rRNA gene, were tested in order to evaluate their pesticide degrading ability in Mineral Salt Medium (MSM)
and in three different standard soils distinguished by their
different chemico-physical characteristics. Solid Phase Micro-Extraction (SPME) and solid liquid extraction methods
coupled with gas-chromatograph and mass-spectrometer
(GC-MS) instruments were used. Strains affiliated to
Sinorhizobium, Pseudoxanthomonas, Streptomyces iakyrus,
Microbacterium takaoensis and Isoptericola dokdonensis have never mentioned as organophosphorus degraders.

KEYWORDS: biodegradation, organophosphorus pesticides, solid
phase micro-extraction

the equilibrium of natural ecosystems causing air, water and
soil pollution [3]. Several aspects are involved in the fate
and behaviour of OPs in the environment: effluent irrigation [4], photodecomposition mechanisms [5], volatilization [6] and, finally, biodegradation [3, 7]. Due to the role
of bacteria in the xenobiotic compounds degradation processes, a key significant knowledge could be reached by
studying their fate and behaviour in pure and mixed strain
cultures [8]. The first micro-organism that could degrade organophosphorus compounds was isolated in 1973 and identified as Flavobacterium sp., since then several bacterial
species both Gram positive and Gram negative, have been
isolated which can degrade a wide range of organophosphorus compounds [9].
The most significant step in detoxification of OPs is
hydrolysis of P-O-alkyl and P-O-aryl bonds generally
catalized by an organophosphate hydrolase or phosphotriesterase. Oxidation, alkylation and dealkylation reactions are also involved in OPs degradation processes [3].
Taking into account the risks caused by the use of pesticides, biodegradation is an efficient way to preserve human and environment safety. The aim of this study was to
evaluate the biodiversity of naturally occurring OPs degrading bacteria in Mediterranean soils. Enrichment cultures, containing parathion as the sole carbon source, were
set up to isolate OP degraders from agricultural soils cultivated under different management systems. Parathion degradation ability of selected isolates was evaluated in liquid
cultures and standard soil microcosms.
MATERIALS AND METHODS
Soil sampling and analysis

INTRODUCTION
Organophosphorus pesticides (OPs) have a notable importance in agriculture but are also considerable as a threat
for human health and environment. They are potent acetylcholinesterase (AChE) inhibitors [1] and the specific relationship between OPs and AChE is commonly used as biomarker of OPs contamination [2]. Organophosphorus pesticides act by contact, ingestion and inhalation. The OPs alter

The bacteria were isolated from cultivated soils of west
Sicily under conventional and organic management systems. Soil samples were characterized after air-dried and
sieved (< 2 mm) procedures. Their physico-chemical properties were determined. The pH was measured in distilled
water by using a soil water solution (1:2.5 w/v) and a glass
membrane electrode (Mettler-Toledo). Soil electron conductivity (EC) was measured in distilled water using a soil/water
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ratio of 1:5 (w/v). Cation exchange capacity (CEC) was
determined using barium chloride and triethanolamine solution at pH 8.2 as the extracting solution. The soil organic
C % of each sample was determined by the Walkley–Black
dichromate oxidation method [10].
Bacterial isolation

For bacterial isolation soil samples were directly used
within 24 h from collection without any treatment, in order
to preserve its biological properties. Each soil sample (2 g)
was added to 20 ml of a Mineral Salt Medium (MSM) [11]
pH 7, containing 400 µl of a filter (0.2 µm) sterilized
standard solution of parathion in hexane/ethyl acetate (1:1)
(20 µg ml-1 final concentration). The enrichment cultures
were incubated at 30 °C on a rotary shaker at 200 r.p.m. for
4 days. Two ml aliquots of each culture were re-inoculated
in fresh MSM containing double concentration of parathion
and incubated in the same conditions. Aliquots of these
enrichment cultures were serially diluted and plated onto
MSM agar containing parathion as carbon source (40 µg
ml-1) and therefore incubated at 30 °C for 4 days. Colonies
were streaked to purity on the same medium and characterized phenotypically for colony color and morphology and
Gram staining. Phenotypically different isolates were maintained under glycerol 20% at -80°C.

>1. The method of Pearson parametric correlation was used
and 6 variables were considered: number of isolated bacteria, particle size, carbon percentage, pH, Electron Conductivity (EC) and Cationic Exchange Capacity (CEC) of soils.
The amounts of parathion recovered from each microcosm
were expressed in terms of % residues. The statistical differences in the amount of parathion recovered in different
experimental microcosms were also analyzed by t tests.
All statistical analyses were done using Statistical 6.0 for
Windows (StatSoft Inc., Tulsa, OK, USA).
Degradation of parathion in liquid medium

The parathion degradation ability of nine different isolates was tested in liquid MSM. Each isolate was inoculated in Luria-Bertani broth (Difco) and incubated in the dark
for 24 h at 30 oC on a rotary shaker at 150 r.p.m. Cells
were harvested by centrifugation at 4000 r.p.m. for 20
min, washed twice with MSM and suspended to an OD
590 nm in MSM. 20 ml of MSM were contaminated with
a filter (0.2 µm) sterilized standard solution of parathion
in hexane/ethyl acetate (1:1), to achieve a final concentration of 15 µg ml-1. After 24h of shaking and solvent evaporation under a gentle nitrogen stream 0.5 ml of inoculum
were added in triplicate. Abiotic and non contaminated
controls were also set up. The cultures were incubated in
the dark, for 72 h, at 30 oC on a rotary shaker at 150 r.p.m.

Amplification of the 16S-23S ITS and 16S rRNA gene

Ribosomal Intergenic Spacer Analysis (RISA) was performed in order to analyze the diversity of our bacterial isolates. The 16S-23S ribosomal spacers (Internal Transcribed
Spacer, ITS) were amplified by colony-PCR (Polymerase
Chain Reaction) using ITSF/ITSReub primer set [12] in a
20 µl volume reaction. The PCR mixture contained 1 µl
of a single colony lysate as template, 0.3 µM of each primer,
0.2 mM of deoxynucleoside triphosphate (dNTPs), 1X reaction buffer, 1.5 mM MgCl2 and 0.05 u/µl of HotStarTaq®
DNA Polymerase (QIAGEN). The PCR was carried out
under the following cycling profile: 95 oC for 20 min; 30
cycles of 1 min at 95 oC, 1 min at 55 oC, 1.5 min at 72 oC;
72 oC for 10 min. PCR products were visualized on ethidium
bromide-stained 1.5 % agarose gel in order to identify
different ITS profile. Isolates with identical ITS profiles
were grouped into the same Operational Taxonomic Units
(OTUs). One or more representative isolate(s) for each OTU
was randomly chosen for partial sequencing of 16S rRNA
[13] and phyologenetic identification. The 16S rRNA was
amplified using the fD1/rD1 primer set [14] with the same
protocol as described above. The PCR amplification products were purified by using the QIAquick Gel Extraction
Kit (QIAGEN) and commercially sequenced. Unambiguous
sequences were used in BLASTn search [15]. The sequences produced in this work were submitted to GenBank/EMPL/DDBJ database under the accession numbers
GU902282 to GU902303.
Statistical analyses

Principal component analysis (PCA) was carried out
considering the principal components with an eigen value

Degradation of parathion in standard soils

The degradation ability of 2 selected strains was also
tested on soil microcosms containing three standard soils
namely 2.1, 6S and 3A sandy, sandy-clay and loam respectively [16]. The standard soils were purchased from Landwirtschaftiche Untersuchungs- und Forschhungsanstalt
(LUFA) Speyer (Germany). Each standard autoclaved soil
(2 g aliquots) was contaminated with a filter sterilized
standard solution of parathion in hexane/ethyl acetate (1:1),
to achieve a final concentration of 100 µg ml-1. After 24h of
shaking and solvent evaporation under a gentle nitrogen
stream, the microcosms were inoculated with 0.5 ml of a
bacterial suspension prepared as described above and then
incubated on a rotary shaker in the dark, for 72 h, at 30oC.
Abiotic and non contaminated controls were set up.
Analytical procedure

The degradation ability was studied by evaluating the
parathion residues after incubation. It was expressed as %
in respect to abiotic and non contaminated controls. The
parathion residues in the liquid medium were extracted,
purified and concentrated simultaneously by using a Solid
Phase Micro-Extraction (SPME) method. The analytical procedure previously developed from De Pasquale et al. [16]
was fully investigated in liquid cultures in order to evaluate
the possible use of SPME. Three fibres PDMS (100 mm
polydimethylsiloxane), PA (85 mm polyacrylate) and CWDVB (65 mm carbowax-divinylbenzene) all equipped with
holders for manual injection (Supelco UK) were tested.
Prior to use, the PDMS fibres were conditioned at 250 oC
for 30 min, the PA fibres at 300 oC for 2 h, and the CW-
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DVB fibres at 220 oC for 30 min, each in a GC injector
port by using a proper liner Ø 0.75 mm. Partitioning coefficient (Kd) for parathion were examined by determining
KdSPME in the liquid medium.
The analytical procedure was evaluated at pH 5 with
10 % NaCl (w/v). The analysis were carried out in triplicate in non inoculated systems. KdSPME values were calculated by considering the nanograms of analyte absorbed or
adsorbed on to the SPME fiber and the initial pesticide
content in the system.
The pH of each liquid sample was adjusted by using
NaOH or HCl solution (0.1, 0.5, 1 M). The fiber was
directly immersed in liquid medium (20 ml) at room temperature (≅ 20 °C) for 15 min under magnetic stirring.
A different extraction method was used in order to
evaluate the parathion residues in soil microcosms. 3 ml
of deionised water were added to each sample. The sample was mixed by using ultra-turrax (IKA T18 Basic). 2g
of Na2SO4 and 3g of NaHCO3 were added and pesticide
residue was extracted with 30 ml of ethyl acetate after 1h
on a rotary shaker. The supernatant was filtered by using
hydrophobic PTFE membrane filters 0.45 µm (ALBET)
and a Millipore filtration glass unit. The extract was evaporated to low volume by using a rotary evaporator at 40 oC
(HEIDOLPH LABOROTA 4000 EFFICIENT, WB ECO).
Finally it was diluted by using ethyl acetate to a final
volume of 5 ml.
The analyte residue was evaluated by using a gaschromatograph and mass-spectrometer (GC-MS) system
(Hewlett-Packard 5890 and 5973 MS). The column used
was a HP5–MS (5% diphenyl- 95% dimetil polisiloxano
30 m x 0.2 mm, 0.25 µm film, J&W Scientific, Folsom
CA, USA). The oven temperature program was: 80 oC for
1 min, with an increase of 5 oC min-1 to 220 oC for 5 min.
Helium flow was 1 ml min-1; injection mode was split 1/10
in the case of solvent injections and splitless in the SPME
method. The injection port temperature was 280oC; injection volume for ETAC extract was 1 µl and two different

liners Ø (0.75 and 2 mm) were used for SPME and solvent injections respectively.
MS full-scan method was used and the electron impact ionization spectra were obtained at 70 eV, recording
mass spectra from m/z 42 to 550 UMA. The parathion mass
spectra was compared with the data bank NIST 05 and the
identification was confirmed by using a standard product
(all 99% purity – Fluka, Sigma-Aldrich Chemie GmbH,
Switzerland).
The degradation extents were calculated as the ratios
of substrate degraded in test flasks to substrate recovered
in abiotic controls.
RESULTS AND DISCUSSION
Eight cultivated soils under different management systems and characterized by their physico-chemical parameter (Table 1) were chosen in west Sicily as bacterial source.
The mediated soil samples were used in enrichment cultures with parathion as the sole carbon source. This pesticide was chosen because of its high toxicity and persistence in the environment.
After plating on parathion-containing MSM agar medium, 47 phenotypically different colonies able to grow
on parathion as unique carbon source were isolated.
The 47 new isolates, separated into Gram-positives
and Gram-negatives, were grouped by analyzing the 16S23S ribosomal internal transcribed spacer (ITS) into 20
different Operational Taxonomic Units (OTUs from A to T)
(Table 2). Each OTU comprised of 1 to 9 isolates (Table 2)
and each soil comprised of 2 to 8 different OTUs (Table 1).
The highest number of OTUs (from 5 to 8) was found in
soils APCH, RIBCON, RIBBIO and RIBFAN, all from
Citrus groves (Tab. 1), the lowest bacterial diversity was
detected in VCH and POV soils with 2 and 3 OTUs from
a vineyard and a greenhouse, respectively (Table 1).

TABLE 1 – Physico-chemical characteristics of soils utilized in order to isolate strains grouped in Operational Taxonomic Unit (A-T);
Soil code
Geographical
origin

VCH

APCH

POV

KAD

RIBCON

RIBBIO

RIBFAN

RIBINO

Partinico

Misilmeri

Partinico

Misilmeri

Ribera

Ribera

Ribera

Ribera

Culture

Vineyard

Citrus grove

Greenhouse
Tomato

Persimmon
orchard

Citrus grove

Citrus grove Citrus grove

Citrus grove

conventional conventional

conventional

conventional

organic

organic

conventional

conventional

6.3
3.7
90.0
Sand
0.54
7.2
0.2
13.1
2
C-K

9.7
3.5
86.8
loamy sand
0.71
6.4
0.3
13.7
4
F-K-T

37.5
24.9
37.6
clay loam
1.66
8.1
0.5
30.6
4
A-B-J-M

40.8
24.8
34.4
clay
2.60
7.8
0.3
27.4
8
C-D-F-G-Q-R

40.2
27.2
32.6
clay
2.82
7.8
0.4
32.6
9
D-I-J-M-O

43.3
23.7
33.0
clay
3.33
8
0.4
33.8
9
B-D-E-G-H-L-O-S

38.9
27.3
33.7
clay loam
2.48
7.9
0.4
32.4
5
B-C-D-K

Agricultural
treatment
Clay %
Loam %
Sand %
Soil Type
Org C %
pH (H2O)
EC (1:5) dS/m
CEC (cmol+/kg)
Isolated bacteria
OTU

33.3
23.3
43.4
clay loam
1.58
8
0.4
27.5
6
B-D-F-N-P-Q
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TABLE 2 - Phylogenetic identification of the representative isolates from each Operational Taxonomic Unit (A-T);

A
B
C
D

Number of isolates in
the OTU
1
4
3
9

E
F
G
H
I
J
K
L
M

1
4
2
1
1
2
5
1
2

N
O
P
Q
R
S
T

1
3
1
2
1
2
1

OTU

Representative
isolate (s)
M1P2
M1D3
RCP1
RFP2
ROP3
RFD1
P2P1
RCP3
RFD4
RBP2
M1P1
P1P4
RFP4
RBD1
M1D4
M2D3
RBD4
M2P3
RCD2
RCD1
RFP1
P2P3

16S rRNA gene
aligned nucleotides
732
955
1109
1094
1088
1056
1146
1027
1017
1015
1046
988
1083
995
1026
1143
1033
613
1073
1087
1119
1151

A number of factors such as plant type, soil, agricultural practice, soil microbial community, roots constituents and chemical compounds applied to the soil and
plants, influence the microbial activity and bacterial biodiversity of soils [17, 18]. The PCA reduces the number
of total variables to only few retaining the major part of
the information. The amount of variables was reduced to
only two (PC1 and PC2) which retained 80.4% of the

Most closely related sequence, accession number
(% of identity)
Sinorhizobium medicae EU445262 (97%)
Arthrobacter sp. EF612307 (99%)
Rhizobium sp. EU529842 (98%)
Xanthomonas translucens AY572961 (97%)
Stenotrophomonas sp. AB461831 (98%)
Isoptericola dokdonensis DQ387860 (99%)
Pseudoxanthomonas sp.EU025131 (98%)
Stenotrophomonas maltophilia AJ131117 (99%)
Paracoccus sp.AM403616 (99%)
Rhizobiales EF219048 (98%)
Streptomyces iakyrus AB184877 (99%)
Microbacterium takaoensis AB201047 (98%)
Agrobacterium sp.GU085230 (98%)
Sinorhizobium meliloti AY196963 (100%)
Sinorhizobium sp.EU399910 (99%)
Sinorhizobium sp.DQ196475 (98%)
Streptomyces peucetius AB249907 (96%)
Pseudomonas putida AY395005 (98%)
Azospirillum brasilense EF634031 (99%)
Rhizobium sp.EF437254 (97%)
Agrobacterium tumefaciens EU697966(97%)
Roseomonas fauriae AY150046 (97%)

Soil code
KAD
KAD
RIBCON
RIBFAN
RIBINO
RIBFAN
POV
RIBCON
RIBFAN
RIBBIO
KAD
VCH
RIBFAN
RIBBIO
KAD
APCH
RIBBIO
APCH
RIBCON
RIBCON
RIBFAN
POV

total variance (Fig. 1). Soils with the largest amount of
clay, % C and biodiversity retained positive score on PC1.
Sandy soils were placed in the directly opposite position
with respect to the biodiversity loading (Fig. 1). Moreover
by the increase of pH and EC soils were separated to each
other on PC2. Soil clay content, C % and CEC, with values of 0.77, 0.89, 0.7 respectively, were significantly and
positively correlated with bacterial biodiversity (Fig. 1).

Biplot (axes F1 and F2: 80.42 %)
5
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FIGURE 1 - Principal component analysis considering soil physico-chemical characteristics and bacterial biodiversity;
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The 16S rRNA gene of one or more representatives
for each OTU was sequenced. BLASTn search results are
shown in Table 2. Although BLAST analysis was performed
with 16S rDNA partial sequences, the closest species are
retained as correct and used to identify the isolated strains.
The isolates were affiliated to 13 different genera
(Table 2) that comprise both well known OPs degraders
and taxa that were never cited as degraders. The number
of Gram negative isolates is much greater than that of
Gram positives; interestingly 8 OTUs out of the 20 are
affiliated to the Rhizobiaceae family and are present in
almost all the analysed soils (Table 1).
Among the isolated bacteria, members of the genus
Agrobacterium and other rhizobiaceae are known as degraders of glyphosate, diazinon, coumaphos and parathion
[3, 19, 20]. We also isolated four Sinorhizobium strains,
genus known for degrading phosphonate compounds [21].
Other isolates belong to the Gram negative genera
Stenotrophomonas, Pseudomonas [22, 23], Xanthomonas,
Roseomonas (syn. Azospirillum brasilense) [24] and Paracoccus [25] that comprise members that are already known
as OPs degraders. For some of these genera very few isolates were obtained in these last years and little information
is available. For example an unique Stenotrophomonas isolate (YC-1) was recently reported as degrader of chlorpyrifos, parathion, methyl parathion and fenitrothion [26].
Among the Gram negative bacteria a strain of Pseudoxanthomonas phylogenetically related to Xanthomonas was
also isolated. This genus is unknown as OPs degrader.
Isolates belonging to rhizobiaceae and those related
to Azospirillium brasilense in particular, appear to be the
most interesting strains and could be very useful in bioremediation practices of contaminated soils considering their
symbiotic/associative lifestyle and their nitrogen fixation
ability. Azospirillum-related bacteria are defined as PGPR
(Plant Growth Promoting Rhizobacteria) as, besides performing nitrogen fixation, they can promote plant growth
and protect plants from pathogens [27].
Among the Gram positive bacteria, members of the
genus Arthrobacter degrade a wide range of organophosphorus compounds i.e. glyphosate [28], monocrotophos
[29], chlorpyrifos, diazinon, EPN, fenitrothion, isofenphos,
parathion and ethoprophos [30, 31]. Moreover some strains
of Arthrobacter can degrade p-nitrophenol, which is the
product of hydrolysis of parathion [3, 32]. Although Arthrobacter is a soil ubiquitous genus we isolated only one
strain of Arthrobacter in this work. Members of this genus are generally adapted to resource-limited conditions
and do not fluctuate in response to the addition of a carbon
source. For this behaviour, they are considered K-strategists
in comparison with r-strategists such as Pseudomonas and
other Gram negative growing rapidly in the presence of a
readily available carbon. Enrichment cultures may have
favoured r-Strategists rather than K-strategists thus reducing the chance to isolate Arthobacter strains [33].

The species Streptomyces iakyrus, Microbacterium
takaoensis and Isoptericola dokdonensis, to which some
of our isolates belong, are not mentioned as organophosphorus degraders. Other members among Streptomycetes
i.e. strain StC is able to degrade glyphosate via C-P bond
cleavage [34] and a strain identified as Microbacterium
esteraromaticum is capable to hydrolyse fenamiphos [35].
Although all the 47 isolates are able to grow on parathion as the sole carbon source, some strains were chosen
to demonstrate their parathion degradation ability both in
liquid medium and in soil microcosms.
Therefore to evaluate the degradation ability in the liquid medium, the partitioning coefficients (KdSPME) for parathion were examined by determining the fiber/liquid distribution coefficient. Data supplied by the manufacturer indicate that each SPME fiber consists of different amount
of polymeric phase. The (Kd) of each fiber PDMS, PA and
CW-DVB versus the parathion concentration in the solution was 808, 388.7, 404, respectively. On the above base
it has been considered the RSD % (n=6) and the PDMS
fiber was chosen for the extraction method in liquid medium.
The degradation ability in liquid medium was tested
on four newly isolated putative OP degraders (namely:
strains M1P1, P1P4, RFD1) and on isolates affiliated to
genera or species already known as organophosphorus degraders (namely: strains M2D3, RCP3, P2P3, RFP1, RBP2,
RCD2). The activity of the isolates in degrading parathion
are shown in Figure 2. The amounts of parathion remaining in the cultures of strains P2P3, M2D3, RFP1, RBP2,
RCD2 after 72 h incubation were lower than 30%. Strains
P2P3, M2D3 metabolized more parathion with degrading
nearly all the parathion (≅ 90-95 %) within 72h. Consequently, strain P2P3 which exhibited the highest parathion-degrading activity, was selected for further studies
under the more realistic conditions of soil microcosms.
Furthermore it was selected because of its interesting ability
as above described. Strain RFD1 was also chosen for soil
microcosms analysis to test the degradation ability of a
strain as new OPs degrader. The results confirm the biodegradation ability of both strains although with different efficiency in each soil. In these conditions strain RFD1 is more
efficient than strain P2P3 in all kind of soils thus upsetting
the previous data obtained on mineral medium (Fig. 2).
The biodegradation of organic chemicals in soil is a process resulting from the interaction between the soil microbial community and the chemico-physical environment
[36]. Comparing the different soil matrices of the three
standard soils the percentage of pesticide residue was considerably lower in the soils 2.1 and 6S in respect to soil 3A
for both strains. Parathion residue was below 10%, between
10% and 20% and around 40% in the soil 2.1, 6S and 3A
respectively (Fig. 3). In particular biodegradation was more
efficient in the sandy soil 2.1 confirming that the soil
texture is one main parameter affecting the biodegradation
process.
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FIGURE 2 - Organophosphorus degradation ability of the selected bacterial strains in Mineral Salt Medium (MSM). The small square represents the average; the big square represents the average ± the standard error ; the error bar represents the average ± the standard deviation;

% Parathion residues
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40
30
20
10
0
6S.P2P3

3A.P2P3

2.1.P2P3

6S.RFD1

3A.RFD1

2.1 RFD1

Soil microcosms
FIGURE 3 - Organophosphorus degradation ability of 2 selected bacteria (Roseomonas fauriae strain P2P3;
Isoptericola dokdonensis strain RFD1) in three different soils (namely: 6S, 3A, 2.1) sandy-clay, loam and sandy respectively;

CONCLUSIONS
Mediterranean soils cultivated with different crops
and under different agronomic practices host a large number of phenotipically different strains capable of growing
on parathion as sole carbon source. The higher level of

biodiversity appears to be related to soil physico-chemical
characteristics such as soil clay and total organic carbon.
Among the cultural systems analyzed citrus groves host
the highest bacteria diversity, both under organic and
conventional management. This could be considered as a
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result of the indigenous history of citrus tree and agriculture practice management in Sicily island.
The nitrogen fixation ability of some isolated strains is
a remarkable point. The collection of the isolated strains is
mainly composed by Gram negative among which a predominant number is represented by Sinorhizobium strains.
Among the Gram negative 2 strains of Roseomonas were
isolated and one of these was found to be good OPs degrader. Gram positive isolates, unknown as OPs degraders, were also obtained.
The study underlines a strong effect of the texture in
the decontamination capability phenomena. The percentage of sand, infact, affects the biodegradation ability.
The isolated bacteria could be utilized in the bioremediation of contaminated sites; noteworthy are Sinorhizobium and Roseomonas, their employ could be useful and
interesting in the organic farming practices of Mediterranean area by using their decontamination ability and beneficial effects on plants.
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ABSTRACT
Traditional morphology-based methods can be supported by molecular techniques to identify, discriminate
and ecologically characterize the various states of species
within the bioindicator community, especially for monitoring the phytoplankton which can be a very efficient indication of ecological and anthropogenic changes in the marine environment.
P. minimum is a potentially toxic, bloom-forming bioindicator phytoplankton species in the Sea of Marmara that
should be monitored routinely as an indication of improveing water quality of the remediated Golden Horn estuary. In
our study, intra-specific genetic variation of Prorocentrum
minimum was detected with primers for large subunit ribosomal DNA (LSU rDNA) and chloroplast DNA (cpDNA),
and RAPD-PCR as a genome-wide DNA variation detection
tool. Post-PCR analysis was done by fluorescence-based
Melt-Curve Analysis (MCA) as well as High Resolution Melt (HRM) and real-time RAPD-PCR which can be a
preliminary assessment methodology for determining genetic variation of Prorocentrum minimum in the Sea of Marmara, Golden Horn estuary. This is a case-study for preliminary determination of interspecific and intraspecific molecular diversity within taxa of algal blooms with the abovementioned methods.

KEYWORDS:
Prorocentrum minimum, HAB species, genetic heterogeneity, LSU
rDNA, cpDNA, DNA melt curve analysis (MCA), High Resolution
Melt (HRM) analysis, real-time RAPD-PCR.

INTRODUCTION
There has been a worldwide increase in the frequency,
magnitude, and extent of many Harmful Algal Bloom
(HAB) species over the past few decades [1-3]. Reports of

Prorocentrum minimum describe a species which has apparently undergone a rapid expansion in its geographical
distribution in the last 3–4 decades. As an eurythermal and
euryhaline species, P. minimum blooms can occur under a
wide range of environmental conditions, so large blooms
have been reported from many coastal areas and estuaries
around the world [4-6]. It is suggested that increasing bloom
of P. minimum is a response to a present coastal eutrophication, and as a mixotroph, the species can use a wide range of
inorganic and organic nutrient substrates for rapid growth.
Blooms of it cause environmental damage due to high algal
biomass and related effects, such as localized oxygen depletion, pH change, and significant light attenuation in bloom
areas [2, 7].
Although Prorocentrum minimum is considered to be
non-toxic to marine invertebrates, in general, it is known to
be toxic to both humans and fish in some parts of the world,
and so must be considered to be potentially toxic. The varying reports of toxicity in P. minimum may be related to the
examination of different clones, use of different experimental protocols (e.g., axenic vs. nonaxenic conditions), and/or
different environmental conditions [2, 8, 9].
There exist different shaped P. minimum cells in the
same samples in many studies which can be treated as
variations (or morphotypes) within the species [7, 10-12].
P. minimum forms dense, almost mono-specific blooms in
Golden Horn estuary in the Sea of Marmara. Allelopathic
and allelochemical interactions are a potential important
factor in the success of P. minimum blooms. They tend to
occur in the late spring to early summer in Golden Horn
estuary, in the Sea of Marmara [13-15]. Temporal relationships between P. minimum blooms and other phytoplankton species do support this hypothesis. In particular, an association with blooms of the diatom Skeletonema costatum has
been described from a variety of locations in Portugal and
Turkey [5, 9, 13-15].
Determination of new genotypes as well as intraspecific and interspecific genetic variation can help us to
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understand how fast phytoplankton ptadapts to changing
environments.
Phytoplankton community composition and the possible previous presence of Prorocentrum minimum species as
part of the ‘hidden flora’ within the region should be
assessed with field samples routinely in a cost-effective
way, usually with high-throughput sampling.
Heteroduplex analysis, Denaturing Gradient Gel Electrophoresis (DGGE), RAPD-PCR, Whole Genome Analysis
(WGA) and sequencing, qPCR, fluorescence-based MeltCurve Analysis (MCA) and High Resolution Melt (HRM)
are successfully applied methods in determining algal bloom
molecular diversity with differing ambiguities and controversies [16-20].
The large subunit ribosomal DNA (LSU rDNA) is a
potential marker for species identification. The LSU is part
of the rDNA gene complex which occurs in tandem repeats, arranged in ribosomal clusters in the nuclear genome. The D1-D2 region of the LSU is a signature sequence, which is a suitable marker region for applications
in DNA-based species identification as well as reasonably
good phylogenies. The rDNA directly amplified from the
environment has revealed a rich biodiversity of marine
dinoflagellates that has escaped routine detection using
microscopy. The D1-D2 region belongs to the most divergent parts, and contains also some highly conserved stretches
that allow the selection of universal primers [21]. Chloroplast DNA (cpDNA) has highly conserved regions and also
the intergenic spacers of cpDNA have relatively high levels
of polymorphisms for the analysis of intraspecific to intergeneric levels of variation [22].
More recent studies of inter- and intra-specific genetic
variability of many bioindicator strains have relied on the
application of ribosomal DNA (rDNA)-based sequencing.
The MCA has been successfully used to discriminate between clonally cultured species although spontaneous mutants have been shown to arise at non-trivial rates in cultures of phytoplankton [23-27]. Interspecific comparisons of
phytoplankton should not be made without also considering
intra-specific data on the characteristics being compared
[28].
HRM is a technique that can be applied post-PCR
to provide the melting temperature of the amplification
products with a high resolution because of the application
with a third generation fluorescent dsDNA dye. Sequence
differences of each PCR amplicon can be distinguished by
the melting curve that is affected by the GC content of the
PCR product and the absolute order of the nucleotide bases
in the sequence. This method is advantageous because it
allows high-throughput identification of the desired PCR
amplicons [22, 29-32].
In our work, genetic heterogeneity of the bloom and
cultured P. minimum samples have been comparatively
evaluated for their intraspecific genetic variation using LSU
rDNA, cpDNA divergent sequences, and OPB05, OPB06,

OPB18 RAPD primer amplified anonymous sites. Evaluation using three different real-time PCR-based approaches
for detection of intraspecific genetic variation of a high
density (70x106 cells L-1) Prorocentrum minimum bloom
can be used for detection of the extent of genetic variation
and population complexity of the blooms, and may provide
alternatives for the study of molecular diversity within taxa
of algal blooms.
MATERIALS AND METHODS
Field and Cultured P. minimum Samples and DNA Extraction

For the initial optimization of the assays, pure DNA
from cultured P. minimum has been provided from Provasoli-Guillard National Center for Culture of Marine Phytoplankton Bigelow Laboratory for Ocean Sciences. Table 1
(a) and (b) summarizes the information of the fixed (4%
formaldehyde) field sample from Golden Horn estuary P.
minimum bloom as well as the physicochemical parameters of the 2000 bloom and cultured P. minimum DNA
sample, respectively [14].

	
  
TABLE 1 - Sample information for
bloom sample (a) and cultured P. minimum (b).
Bloom Sample (a)
Organism
Date
Location

Prorocentrum minimum
26.07.2000
Golden Horn Estuary
Physicochemical Parameters
Salinity (psu)
17.5
Temperature (°C)
21.6
Secchi depth (m)
0.5
NO3+NO2 (µM)
1.17
PO4 (µM)
1.38
DO (mg L-¹ )
29.0
Chl-a (µg L-¹ )
200.0
-1
Abundance (cells ml )
70000
Cultured P. minimum (b)
Organism
Prorocentrum minimum
Deposition Date
06.06.1985
Location
North Atlantic, North Sea 59.3000N
10.3600E Norway
Culturing Information
Is Strain Axenic?
No
Culture Medium
L1, f/2-Si
Temp. Range in CCMP
11-16 oC
Isolated By
Tangen,K
Strain Code
CCMP697
Toxic?
Yes
Provasoli-Guillard National Center for Culture of Marine Phytoplankton
Bigelow
Laboratuary
for
Ocean
Sciences
(CCMP)
(https://ccmp.bigelow.org/node/1/strain/CCMP697)

DNA isolation from fixed bloom sample was done by
MN NucleoSpin Plant II kit, with a protocol according to
the instructor’s manual.
LSU rDNA, cpDNA MC, HRM Analysis

The LSU rDNA, cpDNA and RAPD-PCR primer information is given in Table 2. Both LSU rDNA and cpDNA
amplification conditions are adjusted according to the HRM
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TABLE 2 - Sequences of primers and expected PCR product lengths.
Name
LSU-D1R
LSU-D2C
Chloroplast-F
Chloroplast-R
OPB-05
OPB-06
OPB-18

Sequence (5’→3’)

Specification/PCR products’ length (bp)

5’-ACC CGC TGA ATT TAA GCA TA-3’
5’- CCT TGG TCC GTG TTT CAA GA-3’
5’- AGTTCGAGCCTGATTATCCC -3’
5’- GCATGCCGCCAGCGTTCATC -3’
5'-TGCGCCCTTC-3'
5'-TGCTCTGCCC-3'
5'-CCACAGCAGT-3'

650-850
297

TABLE 3 - Protocol for PCR amplification and HRM analysis are given as components (3a) and thermal cycling conditions (3b).
(3a) Components
Precision HRM™ Mastermix (contains 1:100
chromofy dye)
Primer mix
Template
RNAse/DNAse free water
Final volume
(3b) Step
Touchdown
Cycles
(6 repeats)
Amplification
Cycles
(40 repeats)
High Resolution
Melt

1 Reaction
7.5 µl
1 µl, 0.5 µM each
1.2 ng
5.5 µl
15 µl
Time
8 min
15 s
20 s
20 s
15 s
20 s
20 s

Enzyme activation
Denaturation
Annealing-Reduce by 1.0 ºC / cycle
Extension
Denaturation
Annealing
Extension (Fluorogenic data is collected
through the SYBR Green channel)
Denaturation
Rapid cooling
HRM Melt Curve

Temperature
95 °C
95 °C
66 → 61 °C
72 °C
95 °C
55 °C
72 °C

60 s
95 °C
1s
55 °C
Melt (70-90 °C), hold 5 s on the 1st step, hold 2 s on next steps

analysis and the protocol of PrecisionTM HRM Mastermix
as provided by the supplier. Protocols for PCR amplification and HRM analysis are given as components (Table 3a)
and thermal cycling conditions (Table 3b).
Real-time RAPD-PCR

Prior to the real-time RAPD-PCR applications, the
selection of intraspecific/intra-populational genetic polymorphism/variation discriminating primers was done among
20 tested primers in literature with similar approaches [3335]. RAPD reactions were performed in reaction volumes
of 25 µl, 0.3 ng from cultured sample DNA and 1.2 ng from
bloom DNA, 2 µM primer and 12.5 µl DreamTaqTMPCR
Master Mix (Fermentas). Thermal cycling parameters used
for PCR amplification consisted of 3 min at 95 oC for the
initial denaturation of DNA, followed by 45 cycles of 1 min
for denaturation at 95 oC, 1 min at 36 oC for annealing
temperature of primers, and 1 min at 72 oC for the extension
step with a final extension period adjusted to 10 min. The
products were resolved with a 2% Agarose gel electrophoresis gel stained with SafeViewTM (Gentra; 5 µl/100 ml).
Real-time RAPD-PCR and melting-curve analysis was
done using a Rotor-Gene 6000 (Qiagen) real-time thermal
cycler and Takara’s SYBR Premix Ex Taq (Perfect Real
Time) 40 reaction kit. RAPD reactions were performed in
a reaction volume of 20 µl, to which 0.3 ng from cultured

sample DNA and 1.2 ng from bloom DNA, 1 µM of 10-mer
primer and 10 µl of PCR mix were added. The thermal
cycling profile used for the real-time RAPD-PCR and MCA
starts with an initial denaturation at 95 oC for 10 min,
followed by 45 cycles at 95 oC for 15 sec, 36 oC for 20 sec
and 20 min at 72 oC. For post-PCR melt analysis, a 90-sec
pre-melt conditioning and a gradual temperature increase
from 72 to 95 oC (held 5 sec for each step of 1.0 oC) has
been performed.
For all real-time based approaches, the PCR mastermix
was prepared for n aliquots (n is three for HRM analysis
and two for OPB-05 and OPB-06, but six aliquots for
OPB-18 primer used in RAPD-PCR assay).
RESULTS
Genetic diversity in a population can happen by mutation [36]. Mutations can be spontaneous and induced by
environmental factors. Spontaneous mutation is an inevitable
consequence of DNA replication which is unavoidable in
any growing culture and so highly expected to be in
blooms which might have some additional mutation inducing factors.
Induced mutations may have significant impacts on
fitness, so it is very important to have an idea about the
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extent of induced mutations occurring during a bloom. This
is assessed in our results by comparing the extent of genetic
variation in highly conserved regions of the cultured P.
minimum and bloom sample for the same regions for the
induced mutations. Most mutations are expected to have no
effect on the phenotype. However, because of rapid growth
rates in laboratory cultures and in bloom samples, rare mutations that do affect the phenotype are likely to arise [36].
There seems to be high intraspecific/intrapopulational
genetic polymorphism/variation, although origin of the Golden Horn estuary bloom samples was thought to be the
same. No other phytoplankton populations were detected
under microscopic investigations (Fig. 1), and during the
bloom events P. minimum dominated total phytoplankton
biomass (almost 100 %) [14].
(2)

FIGURE 3 - Normalized graph for HRM analysis and legends for
evaluation of the results; Tm Peaks, assumed genotypes and
evaluated confidence data for LSU rDNA (three aliquots for each
sample DNA).

(3)
(1)

FIGURE 1 - Different cell shapes of Prorocentrum minimum light
micrography (1: oval-round, 2: oval) observed in Golden Horn
estuary bloom (2000). Scale bar: 20 µm.

Prorocentrum minimum Golden Horn bloom samples
(2000) were highly heterogenous in morphology (Fig. 1),
and found to be also genetically varied with the LSU rDNA,
cpDNA amplification melting curve and high resolution
melt analysis (Figs. 2-5) as well as real-time RAPD-PCR
(Fig. 6). Melting temperature differences are indicating small
differences which can be further confirmed by a more
accurate HRM analysis (Figs. 2 and 4).

FIGURE 4 - Melting curves of the cpDNA PCR products (three
aliquots for each sample DNA).

This is a useful, straightforward and cost-effective genotyping method that can be used to determine the population complexity of P. minimum blooms.

FIGURE 2 - Melting curves of the LSU rDNA PCR products (three
aliquots for each sample DNA).

FIGURE 5 - Normalized graph for HRM analysis and legends for
evaluation of the results; Tm peaks, assumed genotypes and evaluated
confidence data for cpDNA (three aliquots for each sample DNA).
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FIGURE 6 - Melting curves of the real-time RAPD-PCR products obtained with OPB-05, OPB-06 and OPB-18 primers for bloom sample
and cultured P. minimum DNA (two aliquots for OPB-05 and OPB-06, and six aliquots for OPB-18 primer were used in real-time RAPDPCR assay).

CONCLUSION
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SOIL MICROBIAL COMMUNITY AS
AFFECTED BY HEAVY METAL POLLUTION IN
A MEDITERRANEAN AREA OF SOUTHERN ITALY
Rossana Marzaioli, Rosaria D’Ascoli, Raffaele A. De Pascale and Flora A. Rutigliano*
Second University of Naples, Department of Environmental Sciences, Caserta, Italy

ABSTRACT
The relationship between pollution by heavy metals
and soil microbial community was investigated in an area
of Southern Italy mainly used for agriculture but also
affected by industrial and extractive activities as well as
vehicular traffic. Soil samples were seasonally collected in
permanent crop fields (i.e. citrus and peach orchards, olive
groves and vineyard) and uncultivated areas (coniferous
and mixed forests, shrublands, grazing lands). Soil samples were analysed for chemical (water content, pH, cation
exchange capacity, organic C, Cr, Cu, Zn, Pb and Cd contents) and biological properties (microbial biomass, fungal
mycelium, soil respiration, potentially mineralizable nitrogen, metabolic quotient and carbon mineralization rate).
The results showed that heavy metal contents in the studied
soils generally fell within the limit values after Italian law,
with the exception of soil from vineyard that generally exceeded the limit value for Cu, probably because of the large
use of copper-containing fungicides. The soil Pb content
was always above the values reported for typical unpolluted
soils and sometimes the same was also observed for Cd
and Cu. The data suggest that Cr, Cu and Zn mainly derive from agricultural activity, whereas Pb and Cd were
mainly introduced by cement industry associated with extractive activity. The soil microbial community was negatively affected by increased Cr, Cu and Zn contents, but not
by Pb and Cd. Among the heavy metals considered, Cr and
Zn had the highest negative effect on soil microbial community.

KEYWORDS: Microbial biomass, fungal mycelium, soil respiration, potentially mineralizable nitrogen, metabolic quotient, carbon
mineralization rate

INTRODUCTION
Heavy metals are well known to have multiple adverse
effects on prokaryotic and eukaryotic organisms, with
serious impairment of their major biological functions [1,

2] and, on a larger scale, of the functioning of the whole
ecosystem. Considering the critical role that soil microbial
community plays in nutrient cycling, the effect of heavy
metals on this component of terrestrial ecosystems is a major issue in ecological research. Quite surprisingly, the present knowledge of the topic is still far from exhaustive
and somewhat contradictory [3-5]. Heavy metal effects on
soil microbial community can often be minimized or masked
by fluctuations in soil properties, mainly organic C content, and seasonal changes in ecological factors [3]. Consequently, negative effects [4-11], no effect [12] or positive
effects [13] of heavy metals on microbial biomass and activity have been reported.
The aim of this study was to investigate the effects of
heavy metal pollution on soil microbial community in an
area of Campania Region (Southern Italy) mainly affected
by agricultural activity, well known to be a major source
of heavy-metal pollution for soils [1], but also exposed to
the effects of vehicular traffic and cement industry linked
to extractive activity.
Soil samples were collected, with seasonal frequency,
from permanent crops (citrus and peach orchards, olive
groves and vineyard), grazing lands, shrublands, coniferous
and mixed forests. The following parameters were measured: water content, pH, cation exchange capacity, organic C, total Cr, Cu, Pb, Zn and Cd contents, microbial
biomass, fungal mycelium, soil potential respiration and
potentially mineralizable nitrogen. Moreover, to know
soil efficiency at storing carbon, two microbial indexes,
i.e. metabolic quotient and carbon mineralization rate,
were also calculated. Finally, to identify the main factors
affecting soil microbial community, both linear correlations
and multiple linear regressions were assayed.
In a previous study [14] the annual means of some data
reported in this study were used to assess the impact of the
different land use types on soil quality, by using a quality
index and multivariate analyses. The present study focused
attention not only on the spatial changes but also on the
temporal variability of soil properties in order to identify
the main factors influencing soil microbial community. In
fact, heavy metal content in cultivated soils can change in
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response to the seasonal use of fertilizers and pesticides
that bring these elements on soil surface, and as a consequence of recurring soil tillage that causes a dilution effect
by mixing surface with deep soil layers. Spatial and/or
temporal changes in heavy metal content can determine
fluctuations in growth and activity of soil microorganisms. On the other hand, seasonal variations of climatic
factors can also affect soil microbial community.

MATERIALS AND METHODS
Study area, experimental design and soil sampling

The study was carried out in the municipal district of
Maddaloni (Southern Italy), an area characterized by a total
extension of 33.33 km2, an elevation of 40-420 m a.s.l., a
typical Mediterranean climate, with warm and dry summers and mild and rainy winters (annual mean temperature: 17.1 °C; annual rainfall: 1050 mm [15]), and a soil
classified as Molli-Vitric Andosols [16]. The study area
was affected by extensive agricultural activity, heavy vehicular traffic (as a consequence of strong urbanization and
industrial activity), intense extractive activity of calcareous
and tuff materials and associated cement and lime manufacturing industry.
In the study area, according to CORINE Land Cover
legend, the following sampling sites, with different land use
types, were chosen: 1) coniferous forest, 2) mixed forest (co-

niferous and broad-leaved trees), 3) shrubland, 4) permanent
crops (citrus orchard, olive grove, vineyard and peach
orchard) and 5) sheep-grazed land (Table 1). A further
distinction on the basis of topographic position (hill, middle-hill and plain) was also made for most land use types
(Table 1).
Forest covers developed in the Maddaloni castle garden, abandoned for at least 100 years, whereas shrublands
developed on olive groves uncultivated for about 40 years.
The permanent crops were generally managed with
tillage until 20-30 cm (except for hill and middle-hill
olive groves and middle-hill citrus orchard), mineral (N,
P, K) fertilization (except for hill olive grove) carried out
in autumn (K and P) and in spring (N), application of
herbicide (except for hill and middle-hill olive groves)
and pesticide (except for hill olive grove).
By using functions of analyzed geometry in a GIS
(Geomedia 5.2), the surface of areas affected by each land
use type was calculated (Table 1). This showed that agriculture was the prevailing human activity in the study
area (84% of the whole surface). About half of the whole
surface (55%), mainly vineyards and plain citrus orchards
(Vp and COp), was in proximity to major roads, whereas
about 7%, mainly coniferous forest (CFh,) and, further on,
hill shrubland (Sh) and mixed forests (MFh and MFmh),
was in proximity to sites of extractive and cement industry (Table 1).

TABLE 1 - Land use, CORINE Land Cover level, topographic position, label and size of each studied site. The whole surface area
for each type of plant cover and topographic position, within Maddaloni municipal district, is reported in the column on the right.

Coniferous forest

CORINE Land
Cover level
3.1.2

Topographic
position
hill (h)

CFh

Size
(ha)
2

Whole surface of each
land use type (ha)
36

Mixed forest

3.1.3

hill (h)
middle-hill (mh)

MFh
MFmh

4
1

14
1

Shrubland

3.2

hill (h)
middle-hill (mh)

Sh
Smh

5
2

63
36

Citrus orchard

2.2.2

middle-hill (mh)
plain (p)

COmh
COp

1
5

216
652

Vineyard

2.2.1

plain (p)

Vp

2

189

Peach orchard

2.2.2

plain (p)

POp

3

11

Olive grove

2.2.3

hill (h)
middle-hill (mh)
plain (p)

OGh
OGmh
OGp

3
2
1

191
17
25

Grazing land

3.2.1

hill (h)
middle-hill (mh)

GLh
GLmh

5
2

49
41

Land use
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In each site, soil sampling was carried out at 0-10 cm
depth (this was the maximum soil depth available in hill
sites), in 3 different plots, in order to have 3 field replicates for each plant cover type and topographic position,
and with seasonal frequency: in spring (when moisture and
temperature were more favourable for microorganisms), in
late summer (following a long warm and dry period), in
late autumn (following a heavy-rain period) and in late
winter (following a prolonged cold period). In the 30 days
before soil sampling the ratio between precipitations (P,
expressed in mm) and temperature (T, expressed in °C)
was 2.7, 0.4, 3.6, and 3.7, in spring, summer, autumn and
winter, respectively.

Statistical analyses

For each parameter, means and standard deviations
were calculated on 3 field replicates for each site and sampling time. Significant differences among sites and seasons
for each parameter were tested by two-way ANOVA followed by the Holm-Sidak test (P<0.05; SigmaSTAT 3.1).
Linear correlations (by Pearson coefficients) and multiple
linear regressions among the parameters considered were
also determined (P<0.05, n=168; SigmaSTAT 3.1).

RESULTS AND DISCUSSION
Chemical and biological properties of soils

Soil analyses

Chemical and biological analyses were carried out on
sieved soil (2-mm mesh size).
Soil water content was assayed by drying 5 g of each
sample at 105 °C till to reach a constant weight [17]. The
other chemical parameters were determined on soil dried at
40 °C for about 3 days. According to USDA-NRCS [18],
pH was measured on soil/water suspension (1:2.5 ratio) by
potentiometric method (Hanna HI8424), cation exchange capacity was determined by soil treatment with barium chloride and triethanolamine solution at pH 8.2, organic carbon
was determined on pulverised soil samples treated with HCl
(10 %) to exclude carbonates, by NCS Elemental Analyser
(Thermo FlashEA 1112). Total content of Cr, Cu, Pb, Zn
and Cd was assayed by atomic absorption spectrometry
on soil samples dissolved by an acid mixture (HNO3 65%,
HF 45% and HCl 40%) in a microwave [19]).
Biological parameters were measured on fresh soils
stored at 4 °C until time of measurements (within a week
after sampling). The fumigation-extraction method [20] was
used to estimate microbial biomass carbon (Cmic). The active
fungal mycelium was measured by the membrane filter
technique [21] and the intersection method [22] after staining with FDA [23]. The mass of fungal mycelium was calculated according to Berg and Söderström [24] on the basis
of average values of cross-section (9.3 µm2), density (1.1 g
ml-1) and dry mass (15% of the wet mass) of hyphae. Soil
potential respiration was measured by gas-chromatography
(Fision GC8000 series) as CO2 evolution from soil samples
incubated for 1 h in standard conditions (55% water holding
capacity, 25 °C, in the dark) [25]. Potentially mineralizable nitrogen (PMN) was assayed by anaerobic incubation
method [26, 27]. Moreover, by using data from organic C,
microbial biomass carbon and potential respiration, the
metabolic quotient (qCO2: mg CO2-C g−1 Cmic h−1) and
carbon mineralization rate (CMR: mg CO2-C g−1 Corg h−1)
were calculated.
In order to make comparable soil samples collected in
different sites and times, all data were expressed per unit
of soil dry weight.

Chemical (Tables 2, 3, Figure 1) and biological (Figure 2) parameters showed variations among sites but also
among sampling seasons. A significant effect of both factors was observed for almost all parameters, except for Cu
and Pb content that differed significantly only among sites
(Table 4). Seasonal fluctuation of biological parameters is
a well known phenomenon in Mediterranean areas [28]
characterized by a bi-seasonal rain distribution. In fact, significant correlations with soil water content were found
for microbial biomass carbon (Cmic, r=0.59, P<0.001), fungal mycelium (r=0.39, P<0.001), metabolic quotient (qCO2,
r=-0.26, P<0.001) and carbon mineralization rate (CMR,
r=-0.33, P<0.001). However, considering the whole body
of data, no univocal seasonal trend could be inferred. In
fact, the highest values were generally found in spring for
pH, in autumn for cation exchange capacity (CEC), in the
autumn-winter period for Cmic (corresponding to the maximum P/T value observed in the 30 days before sampling,
i.e. 3.7) and in summer for potentially mineralizable nitrogen (PMN). For the other parameters the seasonal trend
changed according to the site. In conclusion, the sampling
season differentially affected individual parameters and for
all parameters, except for Pb content, seasonal fluctuations superimposed on site-dependent variations (Table 4).
The contents of Cr, Cu and Zn (Figure 1) generally
fell into the ranges reported for natural soils (respectively,
10-200 mg kg-1, 5-80 mg kg-1 and 20-300 mg kg-1 [17]),
except for vineyard soil that showed a Cu annual mean
content higher than in natural soils and exceeded the limit
value after Italian law (120 mg kg-1; D.Lgs 152/2006) in
spring, autumn and winter, probably due to the large use
of Cu-containing fungicides. Plain olive groves (OGp) also
showed higher soil Cu content compared to natural soils.
Copper pollution of likely agricultural origin was also
reported by Adamo et al. [29] in soils from Southern Italy
areas. The Pb content in studied soils was always higher
than in natural soils (2-20 mg kg-1 [17]) and other agricultural soils (40 mg kg-1 [30]), but below the limit value
indicated by Italian law (100 mg kg-1; D.Lgs 152/2006).
The Cd content exceeded the values reported for natural
soils (0.03-0.68 mg kg-1 [17]) only in the soil from shrubland and hill mixed forest, but in all studied soils it was
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lower compared to the limit value imposed by Italian law
(2 mg kg-1; D.Lgs 152/2006).
Permanent crop soils, characterized by the lowest
quality [14], showed higher values of Cr, Cu and Zn contents compared with forest, grazing land and shrubland
soils (Figure 1), whereas the lowest values were found in
mixed forest soils (MFh and MFmh), for Cr, in hill shrub-

land (Sh) and middle-hill grazing land (GLmh) soils, for
Cu, and in coniferous forest (CFh) soil, for Zn. It has to be
underlined that conventional inorganic phosphorus fertilizers may cause an inadvertent addition of heavy metals
(such as Cr, Cu, Zn, Pb, Cd, Fe, Mn, Ni and Co) present
as impurities [1, 31, 32]. Pesticides can also contain heavy
metals such as Cu, Zn, Pb, Cd, Fe, Mn and Ni [32, 33].

TABLE 2 - Mean values (± standard deviations) of water content and pH in
soils for each sampling season and annual means. For site labels see Table 1.

CFh
MFh
MFmh
Sh
Smh
COmh
COp
Vp
POp
OGh
OGmh
OGp
GLh
GLmh

spring
32.3 (±2.5)
51.6 (±16.2)
48.3 (±12.6)
23.5 (±4.0)
20.4 (±9.7)
12.5 (±2.0)
20.6 (±6.1)
14.0 (±2.9)
16.3 (±3.6)
25.6 (±10.0)
29.5 (±4.6)
13.8 (±2.1)
55.2 (±6.6)
44.8 (±4.6)

Water content (% dw)
summer
autumn
winter
12.1 (±2.0) 56.2 (±3.4) 55.8 (±3.5)
12.0 (±5.9) 60.4 (±14.3) 68.8 (±15.8)
16.8 (±4.3) 64.8 (±13.8) 48.7 (±9.7)
4.9 (±0.8) 44.6 (±3.8) 42.5 (±5.1)
37.5 (±6.0) 51.4 (±2.9) 51.7 (±9.3)
3.1 (±1.0) 26.9 (±1.1) 27.6 (±3.9)
22.4 (±5.1) 32.8 (±1.16) 34.2 (±0.8)
26.0 (±2.6) 29.4 (±0.9) 30.9 (±3.8)
20.4 (±2.4) 46.4 (±22.6) 36.0 (±1.7)
21.7 (±1.7) 29.1 (±5.9) 31.1 (±2.7)
5.6 (±0.2) 43.5 (±5.4) 42.3 (±5.7)
22.9 (±2.2) 32.3 (±10.9) 29.3 (±6.5)
7.0 (±2.5) 65.0 (±2.1) 66.9 (±6.5)
2.8 (±1.1) 16.7 (±5.4) 55.4 (±18.1)

annual
39.1 (±21.2)
48.2 (±25.2)
44.7 (±20.1)
28.9 (±18.6)
40.3 (±14.8)
21.0 (±11.5)
27.5 (±7.0)
21.1 (±7.7)
29.8 (±13.9)
26.9 (±4.1)
30.2 (±17.6)
24.6 (±8.2)
48.5 (±28.2)
32.0 (±26.4)

spring
7.3 (±0.2)
7.5 (±0.1)
7.0 (±0.3)
7.4 (±0.0)
7.3 (±0.2)
6.4 (±0.1)
6.3 (±0.6)
7.3 (±0.1)
7.3 (±0.0)
7.4 (±0.1)
7.3 (±0.0)
7.1 (±0.1)
7.2 (±0.2)
7.5 (±0.1)

summer
6.9 (±0.2)
7.0 (±0.8)
7.2 (±0.2)
7.1 (±0.4)
7.2 (±0.2)
6.2 (±0.1)
6.8 (±0.3)
7.2 (±0.0)
6.9 (±0.5)
6.9 (±0.4)
7.4 (±0.3)
6.9 (±0.0)
6.9 (±0.5)
7.3 (±0.3)

pH
autumn
7.1 (±0.0)
6.8 (±0.1)
7.0 (±0.1)
7.2 (±0.2)
6.8 (±0.1)
6.5 (±0.1)
6.5 (±0.2)
6.6 (±0.6)
6.6 (±0.1)
6.6 (±0.1)
7.0 (±0.1)
6.3 (±0.0)
6.4 (±0.1)
7.4 (±0.3)

winter
6.7 (±0.1)
6.7 (±0.2)
6.8 (±0.2)
6.9 (±0.2)
6.9 (±0.1)
6.5 (±0.1)
6.2 (±0.7)
6.8 (±0.1)
6.6 (±0.1)
6.4 (±0.3)
6.9 (±0.2)
6.4 (±0.3)
6.6 (±0.1)
7.2 (±0.1)

annual
7.0 (±0.2)
7.0 (±0.5)
7.0 (±0.2)
7.2 (±0.3)
7.1 (±0.3)
6.4 (±0.1)
6.5 (±0.4)
6.9 (±0.4)
6.8 (±0.4)
6.8 (±0.4)
7.1 (±0.3)
6.7 (±0.4)
6.8 (±0.4)
7.4 (±0.2)

TABLE 3 - Mean values (± standard deviations) of cation exchange capacity (CEC) and
organic carbon (Corg) in soils for each sampling season and annual means. For site labels see Table 1.

CFh
MFh
MFmh
Sh
Smh
COmh
COp
Vp
POp
OGh
OGmh
OGp
GLh
GLmh

spring
42.4 (±7.0)
53.2 (±0.3)
50.0 (±7.8)
20.5 (±6.4)
48.0 (±3.4)
19.0 (±2.6)
20.8 (±6.9)
15.3 (±2.6)
21.0 (±1.3)
17.2 (±5.4)
23.9 (±4.6)
21.5 (±4.1)
34.7 (±3.8)
15.7 (±0.9)

CEC (cmol kg-1 dw)
summer
autumn
winter
43.3 (±1.7) 55.7 (±3.2) 37.5 (±1.2)
47.2 (±2.7) 60.2 (±10.7) 45.9 (±2.0)
55.7 (±0.8) 68.7 (±7.5) 45.0 (±3.2)
39.7 (±0.3) 43.3 (±2.2) 26.0 (±1.3)
34.3 (±0.6) 55.6 (±7.5) 42.1 (±2.5)
29.6 (±0.4) 34.7 (±1.0) 15.6 (±3.0)
34.4 (±0.4) 26.8 (±10.7) 14.8 (±7.8)
39.0 (±0.4) 36.2 (±10.0) 15.2 (±1.8)
23.8 (±0.5) 30.9 (±3.7) 15.6 (±0.7)
37.3 (±1.2) 37.7 (±2.5) 27.5 (±4.9)
38.7 (±1.9) 55.7 (±2.5) 29.8 (±1.6)
42.3 (±1.5) 37.5 (±1.7) 18.9 (±2.5)
60.6 (±2.0) 48.2 (±9.1) 28.5 (±4.9)
33.3 (±1.7) 25.5 (±6.2) 14.8 (±4.0)

annual
spring
44.7 (±7.8) 6.3 (±2.4)
51.6 (±7.6) 10.5 (±4.2)
54.9 (±10.5) 9.7 (±2.5)
32.4 (±10.3) 3.7 (±1.4)
45.0 (±8.9) 5.2 (±1.9)
24.7 (±8.3) 1.2 (±0.2)
24.2 (±9.9) 1.4 (±0.4)
26.4 (±12.6) 1.3 (±0.1)
22.8 (±6.0) 1.6 (±0.1)
29.9 (±9.4) 5.1 (±0.6)
37.0 (±12.8) 5.7 (±0.8)
30.0 (±10.7) 1.3 (±0.3)
43.0 (±13.8) 9.6 (±1.0)
22.3 (±8.6) 7.8 (±2.3)

summer
6.7 (±0.7)
8.7 (±0.0)
8.9 (±0.0)
3.1 (±0.9)
4.5 (±0.9)
1.9 (±0.8)
1.1 (±0.0)
1.0 (±0.0)
1.5 (±0.2)
6.6 (±0.2)
6.6 (±0.1)
1.9 (±0.1)
7.9 (±0.6)
5.8 (±0.8)

Corg (% dw)
autumn
7.8 (±0.2)
8.4 (±0.4)
8.1 (±0.3)
8.6 (±0.0)
4.6 (±0.1)
1.5 (±0.2)
0.4 (±0.1)
1.0 (±0.0)
2.1 (±0.3)
4.8 (±0.0)
4.5 (±0.1)
1.5 (±0.0)
6.6 (±0.5)
9.6 (±0.7)

winter
8.1 (±1.3)
8.3 (±1.1)
8.4 (±0.4)
3.8 (±1.0)
3.4 (±0.2)
1.8 (±0.1)
2.0 (±0.1)
1.8 (±0.2)
1.3 (±0.2)
2.1 (±0.4)
3.0 (±1.1)
1.6 (±0.2)
5.4 (±0.7)
11.7 (±0.2)

annual
7.4 (±1.3)
9.0 (±2.1)
8.7 (±1.0)
4.8 (±2.5)
4.4 (±1.1)
1.6 (±0.5)
1.2 (±0.6)
1.3 (±0.4)
1.6 (±0.4)
4.7 (±1.7)
5.0 (±1.5)
1.6 (±0.2)
7.6 (±1.7)
8.5 (±2.4)

TABLE 4 - Results of two-way ANOVA (P value) using site and sampling season as factors (ns: non-significant).
Parameter

Psite

Pseason

Psite x season

Water Content
<0.001
<0.001
<0.001
pH
<0.001
<0.001
0.018
CEC(1)
<0.001
<0.001
<0.001
Corg(2)
<0.001
0.043
<0.001
Cr
<0.001
<0.001
0.007
Cu
<0.001
ns
<0.001
Zn
<0.001
<0.001
<0.001
Pb
<0.001
ns
ns
Cd
<0.001
<0.001
0.004
Cmic(3)
<0.001
<0.001
<0.001
Fungal mycelium
<0.001
<0.001
<0.001
Respiration
<0.001
<0.001
<0.001
PMN(4)
<0.001
<0.001
<0.001
(5)
qCO2
<0.001
<0.001
<0.001
(6)
CMR
<0.001
<0.001
<0.001
(1)
(2)
(3)
(4)
(5)
(6)
Cation exchange capacity; Organic carbon; Microbial biomass carbon; Potentially mineralizable nitrogen; Metabolic quotient; Carbon mineralization rate
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Among permanent crop soils, vineyard soil (Vp) showed
the highest values of Cu, followed by plain olive grove
(OGp) soil, the last also being richer of Cr together with
middle-hill citrus orchard (COmh) and hill olive grove (OGh)
soils; Zn content showed the highest values in peach orchard (POp), hill olive grove (OGh), vineyard (Vp) and
middle-hill citrus orchard (COmh) soils (Figure 1).

area. In this study, relatively high Pb values were found in
mixed and coniferous forests, middle-hill shrubland, plain
citrus orchard and middle-hill olive grove soils. The high
est values of Cd were observed in hill shrubland, coniferous and mixed forests and grazing lands. Therefore, Pb
and Cd contents did not appear to be affected by land use
or vehicular traffic.

The sites nearer to major roads (Vp and COp) did not
show high soil pollution for heavy metals known to be
linked to vehicular traffic [34, 35], suggesting that vehicular traffic is a minor source of heavy metals in the study

Another possible source of Pb and Cd in the study area could be the cement industry linked to the extractive
activity. In fact, in an area of Southern Jordan, close to a
cement industry, high Pb, Zn and Cd contents were found
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FIGURE 1 – Mean values (+ standard deviations) of heavy metal contents in soils, reported for each sampling season (larger graph) and as
annual means (smaller graph). Mean values for each plant cover type are reported in parenthesis in smaller graph. For site labels see Table 1.
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FIGURE 2 – Mean values (+ standard deviations) of microbial biomass carbon (Cmic), respiration, fungal mycelium, potentially mineralizable
nitrogen (PMN), metabolic quotient (qCO2) and carbon mineralization rate (CMR), reported for each sampling season (larger graph) and as
annual means (smaller graph). Mean values for each plant cover type are reported in parenthesis in smaller graph. For site labels see Table 1.

in the soil [36]. This could be attributed to the high amount
of energy required by the process of cement production
and supplied by burning fossil fuel as well as to heavy
vehicular traffic in the plant [37, 38]. In the study area,
the cement industry was close to coniferous forest (CFh)
and, at an increasing distance, to hill shrubland (Sh) and
mixed forests (MFh, MFmh), where generally higher values
of Pb and Cd were found. In contrast, no relation between
the presence of the cement industry and Zn content in soil
was observed.

Factors influencing soil microbial community

Microbial biomass carbon, fungal mycelium, respiration and potentially mineralizable nitrogen generally showed
lower values in permanent crop soils than in uncultivated
soils (Figure 2), corresponding to higher Cr, Cu and Zn
contents in the former (Figure 1), but also to lower values
of pH, cation exchange capacity, soil organic C content and,
generally, water content (Tables 2, 3). The microbial biomass carbon, fungal mycelium, respiration and potentially
mineralizable nitrogen showed negative correlations with
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Cr (-0.18≤r≤-0.57; P<0.05), Cu (-0.18≤r≤-0.31; P<0.05)
and Zn contents (-0.16≤r≤-0.50; P<0.05), but also positive
correlations with organic C content (0.27≤r≤0.58; P<0.001),
cation exchange capacity (0.22≤r≤0.59; P<0.005) and, except for microbial biomass carbon, with pH (0.18≤r≤0.36;
P< 0.05). Moreover, microbial biomass carbon and fungal
mycelium showed positive correlations with soil water
content (0.39≤r≤0.59; P<0.001). Surprisingly, positive correlations with Cd content were observed for microbial biomass carbon, fungal mycelium, respiration and potentially
mineralizable nitrogen (0.31≤r≤0.62; P<0.001), probably
because the soils showing higher Cd content were also richer
in organic C that can be considered a prevailing factor for
microbial growth and activity [3]. In fact, a positive correlation between Cd and organic C contents was found
(r=0.57; P<0.001). The metabolic quotient was negatively
correlated with Zn content (r=-0.18; P<0.05). This result
is surprising because qCO2 tends to increase in response
to stress conditions, in which the prevalence of catabolic
versus anabolic processes reduces carbon accumulation by
soil microorganisms [39, 40]. In contrast to the results obtained in the present study, an increase in metabolic quotient
in response to metal contamination has been reported by
other authors [41, 42]. Carbon mineralization rate (CMR),
generally higher in permanent crop soils, showed a negative correlation with Cd content (r=-0.24, P< 0.005) and
positive correlations with Cr (r=0.20; P<0.01) and Cu (r=
0.34; P<0.001) contents, both found to be higher in permanent crop soils than in uncultivated soils. High CMR values
indicate a high mineralization rate of soil or-ganic C, with
a consequent greater loss of C from soils, that in permanent crops could be due to the stimulation of microbial
activity in response to fertilization and tillage.
In order to identify major factors influencing microbial
community, a multiple linear regression was also calculated
for each microbial parameter by using soil water content
(SWC), pH, cation exchange capacity (CEC), organic C
(Corg), Cr, Cu, Zn, Pb and Cd contents as independent variables (Table 5). The results showed that microbial biomass
carbon variability could be explained by SWC, pH, Cr and
Cd contents; fungal mycelium variability by SWC, Zn and

Cr contents; respiration variability by Corg, Cr and Zn contents; potentially mineralizable nitrogen variability by SWC,
CEC, Corg, Cr and Cd contents; metabolic quotient by SWC,
pH and Zn content, carbon mineralization rate by Corg and
Zn contents (Table 5). The results point to Cr and Zn as
the heavy metals more significantly affecting soil microbial
biomass and activity. A marked negative effect of Cr on
microbial community was reported also by other authors
[43]. Similarly, Yao et al. [8] and Wang et al. [44] found
that high Cu and Zn contents in the soil negatively affected
microbial biomass and basal respiration and altered the
structure of microbial community. On the other hand, a significant increase in microbial biomass C and N (by four
and two times, respectively) was reported after a rehabilitation process of abandoned mine soil that prevented siltsand-clay materials contaminated with As, Cd, Pb, Zn and
Cu to flow over the surrounding area of the mine spoil
[45].
Among the heavy metals considered in this study, Pb
and Cd showed no significant effect on soil microbial
community. Other authors [43] found a negative effect of
Pb on microbial activity, but only at extremely high values
of Pb content in soil (10,000 mg kg−1). Similarly other authors reported a significant decline in microbial biomass
following addition of increasing amounts of Pb (2001000 mg kg-1) to the soil [46] or a decrease in microbial biomass from uncontaminated (0.8 mg Pb kg-1) to
highly Pb contaminated soils (995 mg kg-1) [47]. It has to
be underlined that owing to the high capacity of Pb to bind
to organic materials [48], soluble Pb accounts for a small
proportion (1%) of total soil Pb [49]. Added to the relatively low total Pb contents in the soils studied (<100 mg
kg-1), the low solubility of Pb might accounts for the absence of detectable effects of this toxic metal on soil microbial community. A decline in microbial biomass was
reported in soils treated with increasing amount of Cd
(20-100 mg kg-1 [46]) and a marked reduction (75%) in
respiration was found in soil treated with 1000 mg Cd kg-1
[50], but also in these cases Cd pollution was very much
higher than in our soils (<1mg kg-1).

TABLE 5 - Multiple linear regressions (R) between each microbial parameter (dependent variable) and the following
independent variables: soil water content (SWC), pH, cation exchange capacity (CEC), organic C (Corg), Cr, Cu, Zn, Pb and
Cd contents. P values of coefficients of regression equations are reported for each independent variable (ns: non-significant).
Cmic(1)
Fungal mycelium
Respiration
0.69***
0.55***
0.72***
PSWC
<0.001
<0.001
ns
PpH
0.037
ns
ns
PCEC
ns
ns
ns
PCorg
ns
ns
0.045
PCr
0.040
0.020
0.043
PCu
ns
ns
ns
PZn
ns
0.015
<0.001
PPb
ns
ns
ns
PCd
0.026
ns
ns
(1)
Microbial biomass carbon; (2) Potentially mineralizable nitrogen; (3) Metabolic quotient;
R
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PMN(2)
qCO2(3)
0.80***
0.50***
<0.001
0.013
ns
<0.001
<0.001
ns
0.002
ns
<0.001
ns
ns
ns
ns
0.034
ns
ns
0.007
ns
(4)
Carbon mineralization rate. *** P<0.001

CMR(4)
0.62***
ns
ns
ns
<0.001
ns
ns
0.043
ns
ns
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CONCLUSION
Chemical and biological properties of the studied
soils showed spatial and temporal variations, in fact a
significant effect of both factors was observed for almost
all parameters. Moreover, although no univocal seasonal
trend could be inferred, seasonal fluctuations superimposed on site-dependent variations.
Heavy metal contents in the studied soils were below
the limit values after Italian law, with the exception of Cu
content that exceeded the limit value in soil from vineyard, probably because of the large use of coppercontaining fungicides. The Pb content was always above
the values reported for typical unpolluted soils and sometimes the same occurred for Cd and Cu. The differences
observed among sites suggest that Cr, Cu and Zn mainly
derived from agriculture. By contrast, cement industry
linked to extractive activity was the most likely source for
Pb and Cd pollution. No obvious relation was found between vehicular traffic and heavy metal pollution.
The soil microbial community was negatively affected by Cr, Cu and Zn contents in soils. In marked contrast,
no adverse effect of Pb and Cd contents was detected.
Among the analysed heavy metals, Cr and Zn were probably the most effective ones in limiting microbial community.
ACKNOWLEDGEMENTS
This study was funded by the Second University of
Naples, Italy.

[1]

Alloway, B.J. (1995) Heavy Metals in Soils. Blackie Academic &
Professional, London.

[2]

Wang, D. and Xing, X. (2008) Assessment of locomotion behavioral defects induced by acute toxicity from heavy metal exposure
in nematode Caenorhabditis elegans. Journal of Environmental
Sciences 20, 1132-1137.
D’Ascoli, R., Rao, M.A., Adamo, P., Renella, G., Landi, L.,
Rutigliano, F.A., Terribile, F. and Gianfreda, L. (2006) Impact of
river overflowing on trace element contamination of volcanic
soils in south Italy: Part II. Soil biological and biochemical properties in relation to trace element speciation. Environmental Pollution 144, 317-326.

[4]

Zibilske, L.M. and Wagner, G.H. (1982) Bacterial growth and
fungal genera distribution in soil amended with sewage sludge
containing cadmium, chromium and copper. Soil Science 134,
364-370.

[5]

Kuperman, R.G. and Carreiro, M.M. (1997) Soil heavy metal
concentrations, microbial biomass and enzyme activities in a contaminated grassland ecosystem. Soil Biology & Biochemistry 29,
179-190.

[6]

Kamaludeen, S.P.B., Megharaj, M., Naidu, R., Singleton, I.,
Juhasz, A.L., Hawke, B.G. and Sethunathan, N. (2003) Microbial
activity and phospholipid fatty acid pattern in long-term tannery
waste-contaminated soil. Ecotoxicology and Environmental Safety 56, 302–310.

[8]

Yao, H., Xu, J. and Huang, C. (2003) Substrate utilization pattern,
biomass and activity of microbial communities in a sequence of
heavy metal-polluted paddy soils. Geoderma 115, 139–148.

[9]

Bååth, E. (1989) Effects of heavy metals in soil on microbial processes and population. Water, Air & Soil Pollution 47, 335-379.

[10] Giller, K.E., Witter, E. and McGrath, S.P. (1998) Toxicity of heavy
metals to microorganisms and microbial processes in agricultural
soils: a review. Soil Biology & Biochemistry 30, 1389-1414.
[11] Kelly, J. J. and Tate III, R. L. (1998) Effects of heavy metal contamination and remediation on soil microbial communities in the
vicinity of a zinc smelter. Journal of Environmental Quality 27,
609-617.
[12] Kelly, J.J., Häggblom, M.M. and Tate, R.L. (2003) Effects of
heavy metal contamination and remediation on soil microbial
community to heavy ties in the vicinity of a zinc smelter as indicated by analysis of phospholipids fatty acid profiles. Biology
and Fertility Soils 38, 65-71.
[13] Day, J., Becquer, T., Henri Rouiller, J., Reversat, G., BernhardReversat, F. and Lavelle, P. (2004) Influence of heavy metals on
C and N mineralization and microbial biomass in Zn-, Pb-, Cu-,
and Cd-contaminated soils. Applied Soil Ecology 25, 99-109.
[14] Marzaioli, R., D’Ascoli, R., De Pascale, R.A. and Rutigliano,
F.A. (2010) Soil quality in a Mediterranean area of Southern Italy
as related to different land use types. Applied Soil Ecology 44,
205-212.
[15] Blasi, C., Carranza, M.L., Filesi, L., Tilia, A. and Acosta, A.
(1999) Relation between climate and vegetation along a Mediterranean-Temperate boundary in central Italy. Global Ecology and
Biogeography 8, 17-27.
[16] di Gennaro, A. (2002) I Sistemi di Terre della Campania.
S.EL.CA. Firenze.
[17] Allen, S.E. (1989) Chemical analysis of ecological materials.
Blackwell Scientific.

REFERENCES

[3]

[7]

Bhattacharyya, P., Tripathy, S., Chakrabarti, K., Chakraborty, A.
and Banik, P. (2008) Fractionation and bioavailability of metals
and their impacts on microbial properties in sewage irrigated soil.
Chemosphere 72, 543–550.

2420

[18] USDA Natural Resources Conservation Service (2004) Soil Survey Laboratory Methods Manual. Soil Survey Investigations Report No. 42, Version 4.0. Burc, R. (Ed.), National Soil Survey
Center, Lincoln, NE.
[19] Amacher, M.C. (1996) Nichel, Cadmium and Lead. In: Sparks,
D.L., Page, P.A., Helmke, R.H., Loeppert, P.N., Soltanpour,
M.A., Tabatabai, C.T. and Sumner, M.E. (Eds.) Methods of Soil
Analysis: Chemical Methods SSSA. Book Series n°5 SSSA and
ASA Inc., Madison, WI. USA, 739-768.
[20] Vance, E.D., Brokes, P.C. and Jenkinson, D.S. (1987) An extraction method for measuring soil microbial biomass. Soil Biology
& Biochemistry 19, 703-707.
[21] Sundman, V. and Sivela, S. (1978) A comment on the membrane
filter technique for estimation of length of fungal hyphae in soil.
Soil Biology & Biochemistry 10, 399-401.
[22] Olson, F.C.W. (1950) Quantitative estimates of filamentous algae.
Transaction of the American Microscopy Society 69, 272-279.
[23] Söderström, B. (1977) Vital staining of fungi in pure cultures and
in soil with fluorescein-diacetate. Soil Biology & Biochemistry
9,59-63.
[24] Berg, B. and Söderström, B. (1979) Fungal biomass and nitrogen
in decomposing Scots pine needle litter. Soil Biology & Biochemistry 11, 339-341.

© by PSP Volume 19 – No 10b. 2010

Fresenius Environmental Bulletin

[25] Kieft, T.L., White, C.S., Loftin, S.R., Aguilar, R., Craig, J.A. and
Skaar, D.A. (1998) Temporal dynamics in soil carbon and nitrogen
resources at grassland-shrubland ecotone. Ecology 79, 671-683.

[43] Shi, W., Bischoff, M., Turco, R. and Konopka, A. (2002) Longterm effects of chromium and lead upon the activity of soil microbial communities. Applied Soil Ecology 21, 169-177.

[26] Keeney, D.R. and Nelson, D.W. (1982) Nitrogen-inorganic
forms. In: Page, A.L., Miller, R.H., Keeney, D.R. (Eds.) Methods
of Soil Analysis. Part 2 Chemical and Microbiological Properties,
2nd Edition, American Society of Agronomy, Madison, 643-698.

[44] Wang, Y.P., Shi, J.Y., Wang, H., Lin, Q., Chen, X.C. and Chen
Y. (2007) The influence of soil heavy metals pollution on soil
microbial biomass, enzyme activity, and community composition
near a copper smelter. Ecotoxicology and Environmental Safety
67, 75-81.

[27] Drinkwater, L.E., Cambardella, C.A., Reeder, J.D. and Rice,
C.W. (1996) Potentially mineralizable nitrogen as an indicator of
biologically active soil nitrogen. In: Doran, J.D., Jones, A.J.
(Eds.) Methods for Assessing Soil Quality. Soil Science Society
of America, Special Publication No. 49, Madison, WI, USA,
217-229.
[28] Reichstein, M., Tenhunen, J.D., Roupsard, O., Ourcival, J.-M.,
Rambal, S., Dore, S. and Valentini, R. (2002) Ecosystem respiration in two Mediterranean evergreen holm oak forests: drought effects and decomposition dynamics. Functional Ecology 16, 27-39.
[29] Adamo, P., Zampella, M., Gianfreda, L., Renella, G., Rutigliano,
F.A. and Terribile, F. (2006) Impact of river overflowing on trace
element contamination of volcanic soils in south Italy: Part I.
Trace element speciation in relation to soil properties. Environmental Pollution 144, 308-316.
[30] Wong, S.C., Lia, X.D., Zhang, G., Qi, S.H. and Min, Y.S. (2002)
Heavy metals in agricultural soils of the Pearl River Delta, South
China. Environmental Pollution 119, 33-34.
[31] De Lopez, C.L.G., De Miguez, S.R. and Marban, L. (1997)
Heavy metals input with phosphate fertilizers used in Argentina.
Science of the Total Environment 204 (3), 245-250.
[32] Gimeno-García, E., Andreu,V. and Boluda, R. (1996) Heavy metals
incidence in the application of inorganic fertilizers and pesticides to
rice farming soils. Environmental Pollution 92, 19-25.

[45] Loureiro, S., Nogueira, A. J. A and Soares, A. M. V. M. (2007) A
microbial approach in soils from contaminated mine areas: the
Jales mine (Portugal) case study. Fresenius Environmental Bulletin 16, 1648-1654.
[46] Muhammad, A., Xu, J., Li, Z., Wang, H. and Yao, H. (2005) Effects of lead and cadmium nitrate on biomass and substrate utilization pattern of soil microbial communities. Chemosphere 60,
508-514.
[47] Konopka, A., Zakharova, T., Bischoff, M., Oliver, L., Nakatsu,
C. and Turco, R. F. (1999) Microbial biomass and activity in
lead-contaminated soil. Applied and Environmental Microbiology 65, 2256-2259.
[48] Ramamoorthy, S. and Kushner, D.J. (1975) Binding of mercuric
and other heavy metal ions by microbial growth media. Microbial
Ecology 2, 162-176.
[49] Aoyama, M. and Nagumo, T. (1997) Comparison of the effects of
Cu, Pb, and As on plant residue decomposition, microbial biomass, and soil respiration. Soil Science and Plant Nutrition 43,
613-622.
[50] Cardelli, R., Saviozzi, A., Cipolli, S., and Riffaldi, R. (2009) Biochemical parameters in monitoring soil contamination by cadmium. Fresenius Environmental Bulletin 18, 438-444.

[33] Adamo, P., Denaix, L., Terribile, F. and Zampella, M. (2003)
Characterization of heavy metals in contaminated volcanic soils
of the Solofrana river valley (southern Italy). Geoderma 117,
347-366.
[34] Ward, N.I., Brookes, R.R., Roberts, E. and Boswell, C.L. (1977)
Heavy-metal pollution from automotive emissions and its effect
on roadside soils and pasture species in New Zealand. Environmental Science & Technology 11, 917-920.
[35] Arslan, H. and Gizir, A. M. (2006) Heavy-metal content of roadside soil in Mersin, Turkey. Fresenius Environmental Bulletin 15,
15-20.
[36] Al-Khashman, O.A. and Shawabkeh, R.A. (2006) Metals distribution in soils around the cement factory in southern Jordan. Environmental Pollution 140, 387-394.
[37] Banat, K.M., Howari, F.M. and Al-Hamad, A.A. (2005) Heavy
metals in urban soils of central Jordan: should we worry about
their environmental risks. Environmental Research 97, 258-273.
[38] Carreras, H.A. and Pignata, M.L. (2002) Biomonitoring of heavy
metals and air quality in Cordoba city, Argentina, using transplanted lichens. Environmental Pollution 17, 77-87.
[39] Odum, E.P. (1985) Trends expected in stressed ecosystems. Bioscience 35, 419-422.
[40] Wardle, D.A. and Ghani, A. (1995) A critique of the microbial metabolic quotient (qCO2) as a bioindicator of disturbance and ecosystem development. Soil Biology & Biochemistry 27, 1601-1610.
[41] Brookes, P.C. (1995) The use of microbial parameters in monitoring soil pollution by heavy metals. Biology and Fertility of
Soils 19, 269-279.
[42] Shukurov, N.B, Pen-Mouratov, S. and Steinberger, Y. (2006) The
influence of soil pollution on soil microbial biomass and nematode community structure in Navoiy Industrial Park, Uzbekistan.
Environment International 32, 1-11.

2421

Received: December 29, 2009
Revised: April 13, 2010
Accepted: April 14, 2010

CORRESPONDING AUTHOR
Flora Angela Rutigliano
Department of Environmental Sciences
Second University of Naples
Via Vivaldi 43
81100 Caserta
ITALY
Phone: +39-823-274640
Fax: +39-823-274605,
E-mail: floraa.rutigliano@unina2.it
FEB/ Vol 19/ No 10b/ 2010 – pages 2411 - 2419

© by PSP Volume 19 – No 10b. 2010

Fresenius Environmental Bulletin

BIODIVERSITY IN METAL-POLLUTED SOILS
Enrica Roccotiello1*, Mirca Zotti1, Sara Mesiti1, Pietro Marescotti2,
Cristina Carbone2, Laura Cornara1 and Mauro G. Mariotti1
1

DIP.TE.RIS. – Polo Botanico Hanbury, University of Genova, Corso Dogali 1M, 16136 Genova, Italy
2
DIP.TE.RIS. University of Genova, Corso Europa 26, 16132 Genova, Italy

ABSTRACT

INTRODUCTION

The research was carried out in the abandoned Libiola
sulphide mine (NW Italy). This site presents serious environmental problems due to active Acid Mine Drainage
processes, which determine acidification and heavy metals pollution of soils and waters. In this area most of the
soil related to waste-rocks deposits exceeds commercial
and industrial limits for heavy metals elements, such as
Cr, Cu, and Ni.
We evaluated the plant and fungal diversity in these
contaminated soils in order to select tolerant and hyperaccumulating plants and fungal strains.
The study area is characterised by different successional
plant communities ranging from herbaceous to arboreal
stages; the latter is represented by few Pinus pinaster
Aiton.
A screening test with dimethylglyoxime (DMG) was
carried out on 65 plant taxa to highlight possible Ni accumulation in plant tissue obtaining a positive response in
Thlaspi caerulescens J. & C. Presl, well-known metal hyperaccumulator and in Alyssoides utriculata (L.) Medik.
Soil samples belonging to A. utriculata rhizosphere and
other soils were examined to determine microfungal flora.
The majority of isolated colonies belonged to the genus
Penicillium, a common feature for copper contaminated
soils, while occurrence of other genera, including Aspergillus, Clonostachys, Trichoderma, and Botrytis was significantly lower.
DMG-positive plants, macrofungi, and their respective soils were analysed for heavy metals content revealing Cu > 1000 mg kg-1 in Thelephora terrestris Ehrh., and
Ag > 50000 µg kg-1 in Scleroderma polyrhizum (J.F. Gmel.)
Pers.
The results suggest the use of these plants and fungi
to develop experimental protocols of bioremediation and
habitat restoration.

The Libiola mine represented from 1864 until 1962
one of the most important Italian ore deposit for Fe-Cu
sulphide exploitation. It is located about 8 Km NE from the
town of Sestri Levante (Eastern Liguria, Italy) and extends
over an area of about 4Km2 within the basin of the
Gromolo Creek. Nowadays, this mining site is abandoned
and presents active Acid Mine Drainage (AMD) processes triggered by extensive supergenic sulphide oxidation [1, 2]. Previous studies [3,4] highlighted strong soil
contamination in all waste-rock dumps and open pits
areas, where a number of heavy metals (such as Cr, Ni,
Cu, Zn, and Cd) exceed the Italian law concentration
limits for residential and industrial sites [5, 6].
Water and soil pollution represent important stress factors for the present biotic communities because they cause
a high selective pressure that, especially as concerns fungi,
produces changes in microfungal communities and selects
strains able to survive under unfavourable environmental
conditions [7]. This adaptation capability can be fruitfully
exploited in a number of practical applications for heavy
metal removal and bioremediation purposes [8-10]. Indeed
microfungi and bacteria are the first organisms that are able
to re-colonize polluted soils [11].
As regards plant communities established on metalliferous waste, they provide an example of primary plant succession in which the major limiting factors are edaphic [12].
Most investigations on vegetation of mine wastes emphasize the selection of metal-tolerant species [13], and few
are related to initial stages of plant succession on these
wastelands [13-16]. Existing vegetation inventory and
evaluation of the habitat requirements are listed in the International guidelines for surface-mining reclamation programs and projects [17].
To date, an integrated approach to mine restoration is
missing. As a consequence we evaluated plant and fungal
diversity along with the mineralogy and geochemistry of
the Libiola mine to select plants suitable for reclamation.

KEYWORDS: bioaccumulating fungi, bioaccumulating plant, metals, mine waste

MATERIALS AND METHODS
Ten sampling sites have been chosen in the entire
mining area; in each site soil, plant and fungal samples
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were collected. All sampling sites were analysed for pH,
mineralogy, soil chemistry, floristic and macrofungal composition. Seven of these sites (hereafter named V-sites),
corresponding to areas of open pit excavations, were selected and investigated for the characterisation of soil,
related plants and microfungi. The remaining three sites
(hereafter named F-sites), located in a flat area within a 2
ha waste-rock dump, were selected for the study of soil,
macrofunghi and microfungi relationships.
A first survey was carried out in Spring 2008 by several botanists as the presence of some plants was observed
by the geologists who studied the mine site for several
years. The vegetation surveys were performed during Spring
and Summer, but only in Autumn the mycologists were
involved in the study because of the evident presence of
many macrofungi sporomata. All in all, the study started in
Spring 2008 as concerns the flora, and only successively
encompassed the macro/micro fungi component, whose
related surveys were conducted from Autumn 2008 to
Winter 2008/2009.
The mineralogy of the samples was determined using
several techniques that included optical microscopy (transmitted-, and reflected-light) and X-ray powder diffraction
(XRPD), and grain size analyses. The XRPD analyses were
carried out using a Philips PW3710 diffractometer equipped
with a Co-anode (CoKa radiation; current 20 mA, voltage
40 kV) and interfaced with PC-APD software for data acquisition and processing. Phase identification was performed
under the following conditions: range 5–120° 2θ, step
0.020° 2θ, sampling time 10 s. The chemical composition
of each sample was assessed by acid digestion (0.5 g
powder leached with 3 ml 2-2-2 HCl–HNO3–H2O at 95°C
for 1 h) followed by ICP-AES analysis at the ACME Laboratory.
The pH of soils was measured in situ using a portable
pH meter (WTW PH330i) equipped with a glass electrode. The macrofungi were counted and collected in each
F-site (F1, F2, F3) for subsequent laboratory analysis.
The microfungal analysis was performed by sampling
the soil (3 samples for each site, the sites being F1, F2,
F3, and 2 V-sites, V1 and V2) at 0–10 cm depth, excluding
litter when present. The samples were taken near
Alyssoides utriculata rhizosphere (site V1), a possible Niaccumulator [18], and Telephora terrestris sporomata, a
possible Cu-accumulator (site F3) [18, 19].
Microfungi were counted and isolated with dilution
plate technique [20] using three media (Malt extract agar,
MEA, and Czapek, CZ, both added with chloramphenicol,
c, and Rose bengal agar, RB). The initial dilution was
obtained by mixing 1 g of soil with 100 ml of sterile water.
Each soil sample was plated in duplicate, once for each
dilution.
The isolated strains were identified according to conventional mycology methods by observing their microand macro-morphological characteristics and their different trophic and physiological requirements.

Specific texts and monographic papers were utilised
for the fungi identification such as: Pitt [21] for the genus
Penicillium; Raper & Fennell [22], Samson & Pitt [23],
Klich [24], Samson & Varga [25] for Aspergillus; Bissett
[26, 27, 28, 29] and Rifai [30] for Trichoderma; Domsch
et al. [31] and Shipper [32] for Rhizophus, Clonostachys,
Botrytis; Sarasini [33] for Scleroderma; Hansen and Knudsen [34] for Thelephora.
Plants were identified according to Pignatti [35].
Staining of leaves, stems and roots for visualising Ni
accumulation was performed using dimethylglyoxime
(DMG), which is a specific indicator for Ni [36]. In the presence of Ni, DMG forms a purple-coloured complex. The
solution used for staining contained 0.1 % (W/V) DMG
(Sigma) in 95% ethanol [37]. Whole leaves or stems were
immersed in DMG solution in 2 ml tubes and, after 8 h, the
degree of staining was registered. Plants DMG-positive
were subsequently subdivided into leaves, stems and roots
and prepared for quantitative analyses.
Samples were washed with tap-water and then with
distilled water. After oven-drying at 60°C for 48 h, samples
were powdered using glass mortar and pestle. The metal
concentration of each sample was assessed by acid digestion (0.5 g powder leached with 3 ml 2-2-2 HCl–HNO3–
H2O at 95°C for 1 h) followed by ICP-MS analysis at the
ACME Laboratory.
RESULTS AND DISCUSSION
The V-sites samples are generally weakly cemented by
iron-oxide and -oxyhydroxides and vary from gravel-dominated to sandy-gravel sediments with a uniform particle
size distribution in the range 2-64 mm. The silty and clay
fraction is a minor component, generally ≤ 5%. They are
composed by a minor amount (≤ 5%) of sulphide mineralization fragments (pyrite ± chalcopyrite ± sphalerite) showing various degree of oxidation. Mafic and ultramafic clasts
(basalts, serpentinite and ophiolitic breccias) are the main
components and range from 50 to 80 wt%. As a consequence the main minerals of the V-sites samples are serpentine-group minerals (chrysotile and lizardite), chorite, plagioclase, magnetite and other spinels. Secondary minerals (510 wt %) are mainly represented by Fe-rich smectites and
very minor Fe-oxyhydroxides (goethite) and -oxides
(hematite).
The F-sites samples are weakly to moderately cemented
by iron-oxide and -oxyhydroxides and can be classified as
sandy-gravel sediments with a wide particle size range of
0.05–64 mm. Moreover, unlike the V-sites samples the silt
and clay fractions are important components, representing
about 12-20 wt% of the total. The F-sites samples are
dominated by serpentinite and minor basalts mineral assemblages (lizardite, chrysotile, chlorite, magnetite, chromite, Ti-bearing spinels, and minor clinopyroxene, plagioclase, and quartz). Sulphide minerals (mainly represented by
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pyrite with minor chalcopyrite and sphalerite) vary from 10
to 30 wt%. The silty and clay fractions are mainly composed by goethite and hematite with subordinate amounts
of clay minerals, mainly represented by Fe-bearing smectites.
The two sets of samples are significantly different in
their chemical composition (Table 1): V-sites samples are
enriched in Ca, Mg, Mn, Ni, Co and Cr according to the
dominance of serpentinite and basalts mineral assemblages.
Conversely, the F-sites samples are enriched in Fe, Cu, Zn,
S, Ag and Au due to the high amounts of Fe-Cu sulphides
and Fe-bearing secondary minerals.

The pH values range from 4.0 ± 0.1 in F-sites to 6.4 ±
0.2 in V-sites.
Specifically for the F-sites where AMD processes are
active and intense, it is worth to note that most of the
heavy metals released into the circulating solutions during
sulphide oxidations, are efficiently scavenged by the new
forming Fe-oxides and oxyhydroxides [38]. The latter
mainly scavenged metals from solutions through adsorption and coprecipitation mechanisms [39] (and references
therein). As a consequence, metals that form these weak
outer sphere complexes with Fe-oxides and oxyhydroxides resulted much more bioavailable respect to the same
metals included in the structure of primary sulfides.

TABLE 1 - Chemistry of soils, plant and fungi samples from V-sites and F-sites. Trace element and macronutrient values
represent minimum and maximum concentrations. The numbers in parenthesis for the soil analyses refer to the mean values.
Element measured
Cu (mg kg-1)
Zn (mg kg-1)
Ag (µg kg-1)
Ni (mg kg-1)
Au (µg kg-1)
Co (mg kg-1)
Mn (mg kg-1)
Cr (mg kg-1)
Mg (%)
Fe (%)
Ca (%)
P (%)
S (%)

Soil (total) V-sites
191 - 2413 (904)
99 - 391 (206)
113 - 1066 (416)
106 - 3371 (1643)
16 - 204 (63)
26 - 312 (158)
812 - 2271 (1497)
84 - 2090 (1146)
1 - 16 (10)
4 - 13 (9)
0.5 - 5 (1.5)
0.02 - 0.4 (0.11)
0.05 – 0.3 (0.1)

Soil (total) F-sites
1957 - 3027 (2502)
137 - 394 (260)
1161 - 13674 (7122)
35 - 982 (480)
248 - 5109 (2268)
9 - 123 (64)
133 - 1089 (605)
153 - 928 (500)
1 - 10 (6)
14 – 27 (20)
0.1 - 0.6 (0.4)
0.07 - 0.08 (0.07)
0.3 - 1.1 (0.6)

Plant (Alyssoides utriculata)
Macrofungi sporomata
from V-sites
from F-sites
leaf
root
stem
4 – 167 (33)
3 – 28 (9)
3 – 44 (13)
414 – 1265 (570)
15 – 148 (64)
13 – 80 (37)
16 – 138 (57)
67 – 119 (74)
2 – 129 (26)
2 - 31 (10)
3 – 26 (7)
9034 – 51054 (20432)
36 – 2235 (738)
5 – 167 (91)
9 – 284 (122)
3 – 32 (14.83)
0.2 - 10.5 (2)
0.2 – 1.3 (1)
0.2 – 3.1 (1)
0.4 – 601 (335)
5 – 40 (16)
0.2 – 3 (1)
0.4 – 2 (1)
1 – 9 (4)
45 – 228 (117)
14 – 55 (25)
17 – 40 (26)
10 – 121 (50)
2 – 197 (23)
2 – 29 (7)
2 – 10 (5)
16 – 107 (8)
0.3 – 2 (1)
0.07 - 0.3 (0.2) 0.08 - 0.3 (0.2)
0.1 – 1 (0.1)
0.02 – 1 (0.2) 0.01 - 0.1 (0.04) 0.02 - 0.2 (0.1)
6 – 17 (0.2)
1 – 4 (2)
0.2 - 0.3 (0.3)
0.2 - 0.5 (0.4)
9 – 107 (44)
0.03 - 0.3 (0.1)
0.02 - 0.1 (0.1) 0.02 - 0.2 (0.1)
0.1 - 0.2 (0.5)
0.1 – 2 (0.9)
0.4 – 0.6 (0.5)
0.3 – 0.4 (0.3)
0.1 - 0.4 (0.3)

TABLE 2 - Microfungi component: results for the most relevant sites analysed. Each row is representative
of 3 samplings for each site. Explanation of media acronyms appears in the “Material and methods” section.
Site

Dilution

Medium

V1

1:50000

MEA+c

V1
V1

1:50000
1:50000

RB
CZ+c

V1

1:100000

MEA+c

V1

1:100000

RB

V1
V2
V2
V2
V2
V2
V2

1:100000
1:50000
1:50000
1:50000
1:100000
1:100000
1:100000

CZ+c
MEA+c
RB
CZ+c
MEA+c
RB
CZ+c

F3

1:50000

MEA+c

F3

1:50000

RB

F3

1:50000

CZ+c

F3

1:100000

MEA+c

F3
F3

1:100000
1:100000

RB
CZ+c

Colonies
3 sterile green mycelia, 3 Clonostachys rosea, 7 Penicillium hirayamae, 4 Aspergillus sp.1 (yellow), 2 P. sp.1, 4 floccose sterile mycelia, 6 light green sterile mycelia, 5 white sterile mycelia
4 Aspergillus sp.2 (with sclerotia), 3 Penicillium sp.2 (white), 4 P. sp.3 (green)
5 Penicillium sp.4 (brownish purple), 2 P. sp.5 (green), 7 P. sp.6 (brown)
6 Clonostachys rosea, 4 Penicillium sp.7 (yellow),
2 P. pseudostromaticum
5 Penicillium sp.5, 2 P. sp.9, 3 P. sp.10, 5 P. sp.11,
3 Aspergillus sp.2
5 Clonostachys rosea, 4 Penicillium sp.12, 2 P.sp. 8
4 Penicillium hirayamae, 3 Aspergillus alliaceus, 7 black sterile mycelia
2 Penicillium sp.13
7 floccose sterile mycelia, 3 Clonostachys rosea, 4 black sterile mycelia
5 Penicillium sp.14, 3 light green sterile mycelia, 2 white sterile mycelia, 2 Rhizopus oryzae
4 Penicillium sp.15
2 Penicillium sp.16, 4 P.sp.6
8 Penicillium sp.17, 4 green sterile mycelium, 5 Clonostachys rosea,2 white sterile mycelium, 43
P. sp.18, 5 white floccose sterile mycelium, 16 P. sp.19 (with exudate)
13 Penicillium sp.20, 10 white floccose sterile mycelium, 16 P. sp.21, 5 Trichoderma sp.1, 14 P.
sp.22 (green rimmed)
37 Penicillium Sp.18
21 yellow sterile mycelia, 4 airy white mycelia (Mucoreaceae-like), 27 light yellow sterile mycelia,
4 Trichoderma sp.1, 5 Botrytis cinerea
19 Penicillium sp.20, 7 Trichoderma sp.1, 41 P. sp.21
7 airy white mycelia 8 Penicillium sp.23, 2 P. sp.24, 46 P. sp.18
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As regards microfungi, the analysis was based on colony counts from 90 Petri dishes. Results for the most relevant sites are summarized in Table 2. Each row is representative of 3 samplings for each site, where the 30 microfungi species belonging to 6 genera (Aspergillus, Penicillium, Rhizopus, Clonostachys, Trichoderma, and Botrytis)
were isolated. Frequently occurring species are: Aspergillus alliaceus Thom & Church, Botrytis cinerea Pers. ex
Nocca & Balb. Clonostachys rosea (Link) Schroers,
Samuels, Seifert & W. Gams, Penicillium hirayamae Udagawa Penicillium pseudostromaticum Hodges, G.M. Warner & Rogerson, Rhizopus oryzae Went & Prinsen Geerligs.
The majority of isolated colonies belong to the genus
Penicillium. Apparently, this is a common feature for copper contaminated mine soils [6] as our F-sites. However,
the limited number of Aspergillus species may be also due
to seasonal factors, since the Aspergillus spp. are more thermophiles and therefore they are scarce in the autumnal and
winter periods during which the surveys were carried out.
Other soil typical genera (e.g. Cladosporium) are not present. Botrytis cinerea, Clonostachys rosea from F-sites are
known to be tolerant to copper [31]. Most isolated species
– especially in V-sites - are tolerant to a wide range of
pH; for example Clonostachys rosea is able to grow at pH
from 3.2 – 10.5 [31] or Botrytis cinerea from 2.0 – 9.8
[31]. F-sites show frequent occurrence of Trichoderma sp.,
the most common species of this genus are acidophilic (T.
harzianum, T. hamatum, T.koningii) [31].
From a quantitative point of view, the number of Colony-Forming Units (CFUs) per gram of dry soil varied
greatly among the different plated samples (3.3 x 105; 28.0 x 105). The greatest number of CFUs was observed
in the plates related to the samples close to sporomata of
Thelephora terrestris Ehrh. accumulating Cu from F-sites
where this element is strongly abundant (Table 1).
Nonetheless, microfungal counts and species show a
remarkable biodiversity in spite of heavy metals concentrations in native soils (F-sites, Table 1) as high as 2400 mg
kg-1 Cu and 1500 mg kg-1 Cr.
Most strikingly, microfungi from V-sites isolated near
the plants of A. utriculata DMG positive, were scarce in
comparison to other plated samples from F-sites. This
could suggest a rhizospheric control by the species as reported for other genera living on multiple metal contaminated soils [40].
As concerns macrofungi, a great number of Scleroderma
polyrrhizum (J.F. Gmel.) Pers. and Thelephora terrestris
Ehrh. sporomata were collected during the surveys in Fsites. Analyses carried out on sporomata of S. polyrrhizum and T. terrestris show their capability to accumulate Ag (> 50000 µg kg-1) and Cu (> 1000 mg kg-1),
respectively. Other species of the genus Thelephora (e.g. T.
caryophyllea) are known to bioaccumulate metals in the
soil [41]. Therefore, in heavy metal-rich landfill mining
areas macrofungi can play an important role for bioremediation. Mycoflora in the Libiola mine proves the well-

known ability of fungi to survive under unfavourable
environmental conditions, such as high metal concentration. However, metal tolerance is both metal- and speciesspecific.
The V- and F-sites are characterised by different successional plant communities ranging from herbaceous to
arboreal stages; the latter is represented by few individuals
of Pinus pinaster Aiton.
The herbaceous pioneer vegetation is composed by
little and discontinuous communities of Deschampsia flexuosa, Minuartia laricifolia subsp. ophiolitica, Sesamoides
interrupta, Festuca robustifolia and, in sites with more
evolved soil, also by Cerastium ligusticum and Asplenium
adiantum nigrum. The subsequent stages are colonised by
Thymus vulgaris, Satureja montana, Euphorbia spinosa
subsp. ligustica.
Serpentine debris on the edge of the landfill areas are
colonised by semi-natural plant communities with dominance of Euphorbia spinosa subsp. ligustica, Alyssoides
utriculata, Thlaspi caerulescens, Silene paradoxa, Festuca robustifolia, Helichrysum italicum.
The maritime pine (Pinus pinaster) populations derived by seeds dispersed by the surrounding plants employed for the revegetation of burned areas. These populations grow on the strongly polluted mine dump in the Fsites together with few herbaceous species like Deschampsia flexuosa, Minuartia laricifolia and Festuca
robustifolia. The absence of the shrub layer in the F-area
and the presence of tree layer strictly composed by pine is
very uncommon and maybe linked to the presence of
Telephora and Scleroderma which established typical
ectomycorrhizal symbiosis with pine [33]. Where the
heavy metals concentration decreases plants constitute a
typical semi-natural Mediterranean serpentine vegetation
for NW Italy [42, 43].
The DMG test carried out on 65 taxa of higher plants
gave a positive response in Thlaspi caerulescens, wellknown metal hyperaccumulator [44], and Alyssoides utriculata. A positive result generally indicates a Ni concentration of > 1000 mg kg-1 [36].
A. utriculata presented a low Ni level in roots and
stems, but showed more than 1000 mg kg-1 Ni in leaves
(Table 1), suggesting a preferential metal allocation and
confirming a previous study [18].
The plant grows only on V-sites (Table 1) and is almost
absent on F-sites where Cu-sulphides and Fe-bearing secondary minerals are abundant.
The levels of Ca and Mg found in V-sites (Table 1)
are typical for such soils from other serpentinitic areas [4547]. While the amounts of Ca in the serpentine soils were
small, the amounts of Ca taken up by the plant were higher.
According to Proctor [48], Ca is one of the elements contributing to the inhibition of the heavy-metal toxicity, and
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it is possible that the plant takes up Ca to compensate the
toxic action of different toxic metals.
These metal concentrations and the high Mg/Ca ratio
can provide a stressful environment for growth of most
plants [49]; however, plants growing on serpentine soils
may have some physiological tolerance mechanisms to
survive and grow.

[4]

Marescotti, P., Azzali, E., Servida, D., Carbone, C., Grieco,
G., De Capitani, L. and Lucchetti, G. (2009) Mineralogical
and geochemical spatial analyses of a waste-rock dump at the
Libiola Fe–Cu sulphide mine (Eastern Liguria, Italy). Environ Earth Sci 61:187-199.

[5]

Ministerial Decree n. 471 del 25 ottobre (1999) (Ministerial
Decree 471/99) Regolamento recante criteri, procedure e modalita’ per la messa in sicurezza, la bonifica e il ripristino
ambientale dei siti inquinati, ai sensi dell’articolo 17 del decreto legislativo 5 febbraio 1997, n. 22, e successive modificazioni e integrazioni. Supplemento Ordinario 218/L alla
Gazzetta Ufficiale n. 293 del 15 dicembre 1999.

[6]

Legislative Decree n. 152 del 3 aprile (2006) (Legislative
Decree 152/06) Norme in materia ambientale. Supplemento
Ordinario. Gazzetta Ufficiale 96.

[7]

Gadd, G.M. (2007) Geomycology: biogeochemical transformations of rock, minerals, metals and radionuclides by fungi,
bioweathering and bioremediation Mycol Res 111:3-49.

[8]

Yan, G. and Viraraghavan, T. (2003) Heavy-metal removal
from aqueous solution by fungus Mucor rouxii Water Res
37:4486–4496.

[9]

Zucconi, L., Ripa, C., Alianiello, F., Benedetti, A. and Onofri, S. (2003) Lead resistance, sorption and accumulation in
a Paecilomyces lilacinus strain. Biol Fertil Soils 37:17–22.

CONCLUSION
This work pointed out differences for mineralogy, geochemistry, flora and mycology among strongly polluted
selected sites of the Libiola mine, which is a key point for
the future reclamation of the area. In particular our results
evidenced the significant control of soil mineralogy and
chemistry on the biodiversity of the mining area as well as
on the capacity of flora and mycoflora to accumulate specific metals. Knowing factors influencing the first colonization by plants and the interaction among plants, fungi
and soils allow us to plan a method to be used for land
restoration of metal polluted sites that minimise interventions and costs.
The contaminated environment considered has largely
affected the biodiversity of the area and exerted a strong
selective pressure on the local flora and mycoflora. The
study revealed peculiar species which had never been
reported for contaminated areas as the subshrub
Alyssoides utriculata, and the fungi Telephora terrestris
and Scleroderma polyrrhizum. A. utriculata could be
employable for future phytoremediation, while Telephora
and Scleroderma could help the natural recolonisation of
the surrounding vegetation, as in the case of pine, as well
as accumulate metals in sporomata.
Further researches are necessary in order to verify the
flora and mycoflora throughout the year. As a matter of
fact, the availability of metal tolerant plants and fungi
strains can be useful to implement specific protocols devoted to heavy metal removal and bioremediation purposes.
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ABSTRACT

INTRODUCTION

Although large accidental pollution incidents are now
rare, operational pollution is still rampant across the world,
and has a severe impact on the Mediterranean. The European Maritime Safety Agency (EMSA) recently – in April,
2007 – established a marine oil pollution monitoring service called CleanSeaNet (CSN), an oil slick detection system based on satellite sourced Synthetic Aperture Radar
(SAR) images. The service is intended to support the response chain of EU Member States. Satellite images collected during 2008 confirm that oil is still illicitly pumped
out across all European seas. This paper discusses polluter
identification beginning with the analysis of satellite images considering that the ideal case, in which a freshly released slick is detected, is rare. Usually the image shows a
slick that is already weathered, with the slick foot print
already distorted by currents and wind, while at the same
time either no ships or too many are in the vicinity. If the
AIS information is available and shipping data is retrievable, in most cases the operator still faces the problem of
having to track the many ships that have passed through the
designated area; or, alternatively, the slick may be outside
AIS range, effectively preventing the possibility of identification. Another problem related to polluter tracking is ancillary data utilization. Highly accurate wind and currents
data are necessary for successful backtracking of the slick
towards the origin of the spill and thus the likely polluters.
A case analysis will be used to help illustrate this complex
process of backtracking, highlighting especially the importance and difficulty involved in determining and utilizing wind and currents data.

KEYWORDS: Shipping, Illicit oil pollution, backtracking, hindcast
simulation, HF RADAR and SAR processing

Dumping ship-generated waste and pumping out cargo
residues is, in theory, highly regulated, but the practice
continues, polluters usually avoiding identification that
would lead to prosecution. In addition to the further development of port reception facilities and the intensification of
ship compliance checks in port, operational pollution can
be deterred with help from air and space monitoring activities.
In the vast majority of cases of detected illegal discharges into the sea, the polluters remain unknown; even in
the Baltic Sea, where extensive airborne surveillance is conducted, out of the total number of 236 confirmed illegal
discharges during 2006 the polluters were identified in
only 18 cases [1]. The situation for the Mediterranean is
even more worrisome. The sea surface monitor
CleanSeaNet (CSN) [2], a service of the European Maritime Safety Agency (EMSA), has acquired and analyzed
approximately 5000 SAR images since April 2007, confirming that oil is still illicitly pumped out across all European seas and that polluter identification is rare, even
more so in the Mediterranean as compared to, for instance, the Baltic. Therefore, strong enforcement of antipollution regulations is necessary. One of the approaches
which, where successful will have a deterrent effect, is the
integration of backtracking methodology with SAR and
airborne surveillance.
Some previous attempts to identify polluters responsible for illicit slicks at sea by running hindcast simulation
based on the integration of SAR images together with shipping and metocean data were performed by Perkovic [3]
within the working group of national experts on satellite
monitoring techniques for detection of oil spills on European waters (EGEMP) Ferraro et al [4], and using the
results of the “Aerial and Satellite Surveillance of Operational Pollution within The Adriatic Sea” (AESOP) project [5].
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Currently, there is strong inclination towards implementing and integrating an automatic backtracking system
within the EMSA CSN [6]. But the complexity of the approach and the volatility of necessary data involved in
backtracking require a cautious approach. In most cases
satellite images shows a slick that is already weathered, the
foot print already distorted by currents and wind, and
either too many ships having passed the area or none that
are detected. If AIS information is available – and it may
not be if the polluter is conscious of the possibility of detection and turns off his AIS - and shipping data is retrievable, problems include the likelihood that too many ships
have subsequently passed through the designated area, the
slick is outside AIS range, and/or wind and currents data
are not accurate enough.
BACKTRACKING MATERIALS
Synthetic Aperture Radar - SAR

One of the key instruments in the detection and monitoring of oil spills at sea is Synthetic Aperture Radar (SAR).
The SAR system images, attached to aircraft or satellites,
are able to detect spills on the sea surface that appear in
images as dark areas, because the oil spill dampens the
short “Bragg” waves that otherwise give rise to radar
backscattering [7-9]. Bragg waves are created by the surface wind, the radar brightness of the sea increasing with
wind speed. The Bragg waves can be modulated by a wide
variety of atmospheric and oceanic processes, such as
wind shadows, current fronts, river outflow, shallow sea
bottom topography, etc., so that black areas in a radar
image are not always oil slicks. Some oily films are of
natural origin, for instance algal blooms. The SAR sensor
by itself is currently not capable of making distinctions
among these phenomena, and it is up to a human interpreter to identify a dark patch as an oil slick, based on
interpretation by experience with the morphology of radar
image features, and making due use of supporting information (such as coastal topography, knowledge about
currents, etc.). SAR images also show ships as bright
objects on the basis of their radar reflections. The same
image that can show an oil slick can therefore also contain
the ship that caused it, if it has not yet ‘sailed out of the
image’. In order to detect smaller ships, and to estimate
ship length, a SAR image with high resolution is necessary; however, the higher re-solution displays less surface
area. For oil spill detection, a high resolution is generally
not the first requirement, because the majority of meaningful spills can be detected at low resolution. Therefore, SAR
images that are used for oil spill surveillance will in general
only allow detection of medium and large vessels. The sea
state is an important factor in the performance of SAR
images for oil spill and ship detection. When the wind is
very low, there are no Bragg waves and the entire image
is dark, rendering any slick invisible. Ship detection, on
the other hand, is optimal because of the high ship-sea
contrast. At intermediate wind speeds, slick detection be-

comes possible, while smaller ships start to disappear in the
sea clutter background. At high wind speeds, slicks are
mixed in the water and eventually disappear, while ships
are much less detectable as the background clutter level
engulfs them.
Metocean Data and High Frequency – HF radar

To perform adequate SAR image processing and later
backtracking reliable metocean data are necessary. Some
wind and swell data may also be derived from SAR images, but with obvious limitations in accuracy and timing.
Good wind data can be obtained from different centres (like
ECMF - European Centre for Medium-Range Weather
Forecasts) but currents are rarely very accurate, so precise
measurement of surface currents is an absolute necessity.
In the northern Adriatic sea surface current measurements in the investigated area are obtained from a network
of high-frequency (HF) radars deployed along the Italian
and Croatian coastlines. This network runs within the
NASCUM (Northern Adriatic Sea CUrrent Mapping) project, sponsored by the EU’s INTERREG/CARDS-PHARE
programme, which aims at real-time monitoring and longterm study of circulation in the northern Adriatic Sea basin.
The network consists of four standard range SeaSonde HF
radars operating at frequencies around 25 MHz. The physical principle behind the radar measurements of surface
currents is based on the Bragg resonant mechanism first
reported by Crombie [10], which consists of a coherent
backscatter of the transmitted electromagnetic energy from
ocean gravity waves having a wavelength one half of the
transmitted electromagnetic wave. The depth of currents
estimated in this way is related to the depth of particle
motions within the Bragg waves, which is on the order of
0.5 m for the frequencies used (Stewart and Joy) [11].
Each radar in the network measures currents approaching or receding from the antenna over resolution cells of
1.5 km in range and 5˚ in angle, covering about 50 km
maximum range by a 180˚ or more angular sector. Two
sites looking at the same patch of ocean from different
directions are required to obtain a sea surface current vector. Sea surface current maps are derived on a regular grid
using the least-squares method proposed by Gurgel [12].
The computational grid has a horizontal resolution of 2 km
x 2 km, covering an area of about 70 km x 50 km.
Errors in surface current estimates depend on the grid
geometry, on the radar beam intersection angle and of
course on the quality of radar data. Surface current computation excludes data from each station with velocities
greater than 1.5 m/s or velocities having poor signal-tonoise ratios. Finally, a de-spiking and filtering routine removes from the final current map those surface currents
exceeding 1.2 m/s in magnitude or having a poor geometric dilution of precision [13]. Despite potential errors, thus
far this method has provided evidently accurate and utile
data.
The Automatic Identification System - AIS

2430

© by PSP Volume 19 – No 10b. 2010

Fresenius Environmental Bulletin

As part of the global maritime safety system, ships of
300 gross tonnage and upwards engaged in international
voyages are now required to broadcast their positions using
the AIS. AIS enables the entirely automatic emitting and
receiving of navigational and dynamic parameters and
general information about a ship or static parameters, as
well as additional manually entered information, such as
type of cargo and port of destination. The broadcasting and
receiving information operates ship to ship within VHF
radio signal range. The dynamic parameters of the ship’s
position, speed and course are transmitted in time intervals
conditioned by the ship’s speed and her sailing status [14].
The ship may be underway, berthed or moored. If a ship
underway changes her course (ROT – rate of turning) the
AIS starts an intensive transmission of dynamic parameters. AIS above all enables easier ship identification in poor
visibility at sea and excludes unnecessary radio communication so as to identify vessels in close vicinity. The technology of AIS ship to ship communication soon spread to
ship to shore and to vessel traffic systems and services,
which now enables the use of archive data and relevant
information when backtracking is necessary. AIS regulation does not cover all vessels - fishing vessels may or
may not have AIS - but within EU waters they are obliged
to use their vessel monitoring system - VMS.
Vessel Monitoring System - VMS

The Vessel Monitoring System (VMS) is used to report the position of fishing ships to the authorities. Under
this system, fishing ships carry a transponder unit that
sends regular messages via satellite communication to its
Flag State’s Fisheries Management Centre (FMC). The
message contains the vessel’s ID, geographic position (from
GPS), course and speed. The message frequency is usually
twice hourly but can be adjusted. There are different technical implementations of VMS, but most allow “polling,”
which is the immediate request of a message in addition
to the regularly scheduled message. If the fishing vessel is
in the EEZ of another country, the Flag Sate forwards the
VMS message to the Coastal State. In the EU, all fishing
vessels larger than 15 m must use VMS. VMS data can be
used in conjunction with satellite images to help identify
some satellite detections. The ideal way is to poll, so that
VMS positions close to the satellite image acquisition time
are available. However, that requires the cooperation of
the FMCs of all Flag States that have fishing vessels in the
area. Otherwise, the normal position reports have to be interpolated to the image time, which introduces an amount
of uncertainty.

semble of particles moving under the effect of wind and
currents. The distinctive feature of the model is the extension of the Lagrangian approach by introducing interactions between oil particles [15]. This innovation allows
compensation for some essential deficits of the traditional
Lagrangian methods and to illuminate in a satisfactory manner oil interaction with different kinds of natural and artificial
barriers.
The processes occurring in the oil slick taken into account include evaporation, natural dispersion, emulsification, and variations in viscosity. Simulations are carried out
taking into consideration the known environmental factors,
including complex coastline descriptions and a variable
field of currents and weather conditions. According to the
generally accepted approximation oil particles move 100%
with a stream and 3% downwind, so the estimated vector
is the result of wind data correcting currents data. Diffusion adds to this movement a random component. The
spreading of the oil slick is adjusted in order to match the
well known approximation of Fay [16] with corrections
introduced by Lehr to take into account downwind elongation. For the description of weathering processes the oil
product is represented in the same way as in the ADIOS
(National Oceanic and Atmospheric Administration) oil
library and characterized by a common product name, type
(e.g., crude or refined), specific gravity, surface tension, viscosity, distillation curve, emulsification constant, pour and
flash points. The evaporation process is simulated by using
a pseudo-component approach and uses the evaporative
algorithm proposed by Stiver [17] and Mackay [18]. This
method calculates the evaporation rate as a function of
wind, slick area and oil properties such as the distillation
curve.
Processes of emulsification and natural dispersion are
described with empirical dependencies proposed by Mackay. Both dependencies take into account strength of wind
and oil properties. The emulsification process starts as soon
as a fraction of evaporated oil reaches the emulsification
constant, which is determined by derivation from the experimental data. Emulsification stops when water content in
the floating emulsion mixture reaches its maximum, an
empirical value. It is usually about 75% for crude oils and
25% for refined products. The algorithm for natural dispersion takes into account oil-water surface tension, oil
viscosity and slick thickness. Viscosity variation due to
emulsion formation is defined by the Mooney [19] equation, and the evaporation effect is taken into account according to the Mackay solution.

Oil Spill Simulation Tool

Finally, simulation is an absolute requirement for
backtracking. The oil spill crisis management application
PISCES 2 model reflects the common understanding of
the behavior of oil spills on the sea surface. For the description of an oil slick the PISCES 2 model uses the Lagrangian approach, which is an effective technique of oil spill
numerical simulation. The oil spill is represented by an en-

METHODS AND RESULTS
EXPLICATED BY A CASE STUDY
During the summer of 2008 an oil spill was discovered near the coast of Istria, assumed to have been operational as no accident was reported. This case is important
because it is one of the very rare occurrences wherein the
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operationally discharged oil was acquired by SAR and
three optical sensors on the same day, which would seem
to make the initial identification a certainty; yet the operator who first examined the SAR image did not recognize
the dark formation as a slick area. Nonetheless fishermen
found oil and some rescue operations were activated and
oil was collected from the sea surface. No alarms were
raised because it was thought that the oil was successfully
skimmed and dispersed from the surface, but the next
morning oil was found along a large stretch of the coast
(highly peopled by tourists). Two days later, after a particularly violent storm, more oil was found to have beached
some 10 miles further north.

This case illustrates that all spills require investigation, even if at first glance they seem for the most part
insignificant. Ancillary data that could have helped in this
instance includes, for example, probability of detection
maps; the area under consideration falls under the zone of
poor detection probability [20], so the operator who has
this map would be more likely to study such an image in
more depth.
As for the reasons for the behaviour of the oil, which
in this instance seemed to disappear and reappear mysteriously, heavy fuel oil or heavy crude oil can emulsify
quite fast, sink and remain under the surface, leading to a
miscalculation of the amount of oil spilled.
Regarding the methodology for identifying the polluter it is clear that the process can be quite complex: in
this particular case it was difficult to assess the initial
spilling position, timing and source of the pollution. The
approach taken here conforms to the standards that would
be implemented in an automatic system, but the concern
is that an automatic system would not validate essential
data [21]. The first step is retrieval of AIS information for
investigation of vessel traffic and integration with hindcast oil spill modelling based on surface currents measured by the HF radars. Then, before the attempt to identify the polluters through backward simulation, the wind
and currents data had to be validated. Later, it would be
understood that the oil spill sample that was taken should
have analysed.

FIGURE 1 - Radarsat image of 06th August 2008, 16:45 UTC.
(Courtesy of EMSA CSN service, © MDA/CSA 2008)
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FIGURE 2 - SAR processing and backtracking methodology
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Metoocean Data Validations

Highly accurate wind and currents data were necessary. One simple way in this case was using three optical
Satellite images comparing the slick position with time
and currents measurements. Figure 3 shows sensor images
with corresponding HF currents acquired at different times.
It is evident that the recognized oil slick moved according
to the HF currents.

current zone relating to ship size must be considered, for
instance, and in a truly difficult case factors such as those
mentioned, along with propeller effect may all have significant influence on the drift, making the determination
of the direction of the currents quite difficult. In such complex cases a ship handling simulator should be used to delineate the effects of all the external forces that affect a ship’s
drift.

Other approaches to validating data are the reading of
headings of anchored ships or analysing the differences
between integrated courses and headings of ships passing
through the area under investigation. Ships at anchor will
orient in comportment with the currents, waves and wind,
while passing ships will drift in accordance with the same
forces. In this case investigations of both bore out our
estimations of the currents. The apparent simplicity of these
methods is misleading: such circumstances as the wind and

In this case the validation of the current was relatively
easy because the wind speed was quite low, and the ships
we found that could validate our information regarding
currents made the task less complicated than it might be.
For instance, the ship at anchor and those in motion all had
shallow drafts, the better to reflect the HF measurement
layer, and, in addition, both passing ships (both were ferries) used water jet propulsion so there was no propeller
effect at the stern to take into account (Fig. 4).

FIGURE 3 - Oil slick movement and HF currents

FIGURE 4 - HF currents and anchored ship headings
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FIGURE 5 - Progressive simulation based on currents measured by the HF Radars.

Data Fusion and Hindcast Simulation

Once the necessary validation took place, all data was
entered into the PISCES 2 simulation tool. Figure 5 is a
composition of the detected slick area, currents and wind
field, AIS archive tracks for the previous two days as well
hind-cast and progressive simulation. The detected pollution layout acquired via the Modis Aqua platform around
midday is located in the middle of figure. The figure presents the different parts of the slick at 12:00 GMT on the
6th and the final position of part A after running a progressive simulation of Heavy Crude Oil with HF currents
over 60 hours using the PISCES simulation packages. The
final position corresponds to the moment just before the
storm hit the area. The actual report from the early morning of 9th August found 1 km of polluted beach around
Savudria cape. The matching of the discovered pollution
area with the progressive simulation based on HF currents
is yet another validation of currents used.
The same image also illustrates the results of backward simulation – the origin of the released oil. At this
point what can be summarized for this particular case is
that the oil when moving back was oriented toward a
straight line located close to the traffic lane inside the
traffic separation scheme. The south-western ‘tail’ of the
backtracked spill is not modeled correctly because it is on
the edge of the available current field.
To determine potential polluters from such a busy area some advanced analyses had to be performed. Combin-

ing backtracking utility with the AIS archive gave us
some ratings of possible oil spill source identification. This
rating is based only on ship passing distance and course
relating to the slick orientation. After selecting the few
most likely candidates, manual analyses of each potential
polluter was performed. The backtracking approach reduced a long list of potential polluters to just 4 ships that
were selected for further investigation. At this point the
results of our analysis were delivered to port state control.
The likelihood of successful prosecution was greatly reduced by the failure to analyse the oil sample.
CONCLUSION
Using new techniques and technologies different methodologies are developed, and often on a case by case basis.
One case studied taught us the importance of calculating the
emulsification effects of the oil. In some cases we learned
how to use stray external data, for instance the drift of an
unmanned life boat. Taken together all oil spill studies using
SAR and simulation have suggested the importance of contextual data such as shipping information, Geographical
Information Systems, and especially Metocean data, but
even more importantly the need to validate to the greatest
extent possible all data before pursuing attempts at identification of the polluter. This case suggests that a great deal
of improvement in the effort to one day be able to identify
every polluter has been made – if we can reduce the num-
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ber of ships to be investigated to a mere four we may be
confident that in the future the number will be lower.
Further, the more cases in which ships are investigated the
greater the deterrent effect of our efforts will be.
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ENVIRONMENTAL RADIOACTIVITY
MEASUREMENTS IN THE MEDITERRANEAN AREA
Salvatore Rizzo, Elio Tomarchio* and Giuseppe Vella
Nuclear Engineering Department, Palermo University, Viale delle Scienze, Edificio 6, 90128 Palermo, Italy

ABSTRACT
In the framework of an environmental radioactivity
monitoring program, a research activity concerning an optimization of techniques for sampling and measurement of
environmental radioactivity was performed at the Nuclear
Engineering Department (DIN) of Palermo University. Although initially aimed to the analysis of monitoring data of
the local network installed at the nuclear research reactor AGN-201 "COSTANZA" of Palermo University, in
the following years the studies were oriented to improve
the sampling facilities and measurement systems with the
aim to achieve also detection limits as low as possible.
The activity has allowed to collect numerous data of
nuclide activity concentration for different environmental
matrices, with respect to radionuclides of natural origin, e.g.
7
Be and 210Pb in air particulates or 238U and 232Th chain
products in soil or sea sediments, and radionuclides of artificial origin, such as 137Cs and fission products released into
the air during the nuclear tests in atmosphere and in the
course of events following the Chernobyl accident.
Some measurement results from DIN and other centres
and laboratories operating in the Mediterranean area are
presented as an outline of activities that may be of reference for monitoring environmental radioactivity in other
research or institutional organizations.

KEYWORDS: Environmental radioactivity, nuclear measurements, Mediterranean area.

INTRODUCTION
All living organisms are continually exposed to environmental radioactivity which is always distributed in all
lands of the planet. Many countries have provided programmes to detect worldwide radioactive contamination due
to the global fall-out of the atmospheric nuclear weapon
tests, nuclear plant releases or, eventually, to accidents.
The implementation of environmental surveillance programmes, in particular around nuclear facilities, is justified
by radiological studies in humans exposed to nuclear ex-

plosions. The main interest in the measurement of radioactivity in the environment lies in the potential health
implication of contaminant radionuclides in the environment but also in the power of radionuclides as tracers of
the rates and mechanism of environmental processes.
A first aim of environmental monitoring is to quantify
through sampling, or by the use of a direct detection, the
quantities of radioactive substances or ionising radiation
levels resulting from natural sources or human activities
in various environmental compartments. A second goal includes the verification of compliance with regulatory requirements and dose limits for all the activities. In this
work a brief presentation of the main measurement methods used with reference to the most common environmental matrices is given besides the description of the DIN
experience in the field of environmental monitoring and
some information related to the Mediterranean area. The
data collected under different monitoring programs may
be of reference to environmental radioactivity monitoring
[1-3] and to future research activities [4,5].
ORIGIN AND DISTRIBUTION
OF ENVIRONMENTAL RADIOACTIVITY
Most of the radioactivity present in our planet is natural radioactivity while only a part is artificial. Natural radiation sources are of extraterrestrial origin, i.e. cosmic radiation that comes from outer space and from the surface of
the Sun, or of terrestrial origin, i.e. primordial radioactive
nuclides present in the crust of the Earth, in the building
materials and in air, water as well as foods and in the
human body itself. Some of the exposures are fairly constant and uniform for all individuals everywhere, others
vary widely depending on location. The activity levels of
primordial radionuclides, long-living species present on the
Earth since their formation (about 4.5×109 years ago), vary
in relation to rocks and soils origin and composition:
among them 40K (half-life t1/2=1.3×109y), 87Rb (t1/2=4
.8×1010 y) and 238U, 235U and 232Th series products are the
main components. In particular, a gaseous product of 238U
series, 222Rn (radon), emanates from rocks, soils and
building materials and, if it occurs in high concentration
indoor, contributes significantly to doses through inhala-
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tion [3]. Cosmic rays are more intense at higher altitudes
and produce radioactive nuclides by interacting with the
upper atmosphere. The produced species reach the sur-face
of the Earth and the Sea because of deposition from the
atmosphere and the most important among them have
shorter half-lives than the primordial nuclides (3H, t1/2=
12.3 y; 14C, t1/2= 5730 y; 7Be, t1/2= 53 d; 10Be, t1/2= 1.6×106
y; 36Cl , t1/2= 3×105 y). Almost all of cosmic ray-produced
radionuclides have found application as tracers of environmental processes.
Exposures can also vary as a result of human activities
and practices. Nuclear power production cycle and fuel
production (uranium mining and milling) contribute to releases of radon into the atmosphere and liquid as well as
gaseous effluents are released from the stack or into a water
basin during power production. Solid and liquid radioactive waste which contains 235U, 239Pu and fission products,
and gaseous effluents (mainly 85Kr), can be produced during a spent fuel reprocessing and waste disposal related to a
variety of civilian and military operations contributes to
increase the worldwide nuclide inventory.
In the last years, with the increase of technological
activities involving Naturally Occurring Radioactive Materials (NORM), has become more important the so-called
Human enhanced natural radioactivity. This term means
the result of a set of processes within non-nuclear industrial activities, which lead to production of residues with
an increased concentration of natural radionuclides, such
as 226Ra, 210Pb and 210Po (often pointed out as Technologically-Enhanced Naturally Occurring Radioactive MaterialTENORM), which would constitute a risk from radiological point of view. Examples of these industrial activities are
typically mines, processing of phosphates and coal plants.
Man-made radionuclides have been introduced in the
environment since the beginning of 20th century but more
significant since 1940, with the first nuclear weapon tests
and after the 60ies from a variety of activities. After Hiroshima and Nagasaki bombing, atmospheric testing of nuclear weapons was carried out during 1952-1958 and 19611962 whereas in France, India and China up to 1980. In the
Northern Hemisphere is estimated a number of 520 tests
with a total of 542 Megatons of explosive force. In a nuclear bomb detonation, a large number of fission products
(137Cs, 90Sr, 95Zr, 140Ba, 106 Ru, 103Ru, ,144Ce, 14C,….) are
generated and dispersed. For the Mediterranean basin are
very important the French explosions in Sahara desert, at
Reggane and Ekker region. The fission products which are
deposited on the sandy soil of the desert can be brought to
the surface by the movement of the dunes and could be resuspended by wind. Some detections of 137Cs high concentration in the Mediterranean area were related to winds
coming from Africa.
Another contribution to environmental radioactivity
is due to severe accidents. Many accidents have occurred
in the last 60 years [6] and some of them have resulted in
environmental contamination. The worst is the Chernobyl

accident, a catastrophic event that brought together a large
number of direct and indirect health consequences and affected the whole northern hemisphere. Regions of the
Ucraine, Belarus and Russia were highly contaminated
(137Cs deposits higher than 40 kBq m-2 [7]) and some concern has been associated with the presence of some radionuclides because of their potential effects and the released
quantities (e.g. 1760 PBq of 131I, 85 PBq of 137Cs [7]).
The Chernobyl accident contributed to the contamination of Mediterranean countries and sea. Fortunately, areas
of the Mediterranean basin have been affected by trajectories of the radioactive cloud only on the first days of May
1986, with a relatively little impact in terms of dose, except
for Greece and Turkey. As can be easily inferred from the
report UNSCEAR 1988 [8], for countries bordering the
Mediterranean Sea, the largest contribution in terms of
dose for the first year is associated to Greece, Italy, Turkey, with smaller contributions for Israel, Cyprus, France,
and very small ones for Syria and Spain. Overall, the largest
contribution is ascribed to regions of Southeast Europe.
Besides contamination due directly to the cloud from
Chernobyl, the Mediterranean Sea received, and still receives, radioactivity from the Black Sea which collects the
water of reservoirs highly contaminated from Russian and
Ukrainian plants and resuspended past fall-out debris.
The above reported information is basic to establish a
suitable monitoring strategy or, eventually, an intervention
program which involves the use of suitable instruments,
sensitive in terms of minimum detectable activity (MDA),
to highlight even small variations in time.
ENVIRONMENTAL MONITORING
A monitoring programme of natural and artificial radioactivity in the environment is needed for several reasons and mainly to realize the following tasks:
• know the background levels related to the composition
of terrestrial rocks and local lythologies (e.g. volcanic
areas);
• verify the compliance with regulatory requirements
and limits or constraints for the protection of the
population;
• identify, quantify and eventually circumscribe the
environmental sources of ionizing radiation or radioactive contamination (planned or unplanned releases
as well as natural sources) in order to assess their impact on the environment and human health;
• ensure that remediation strategies applied in a environment contaminated as a result of past operations
were performing as designed;
• document the existing radiological conditions prior to
the commissioning of a nuclear installation;
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• evaluate in the future the contamination impact of a
nuclear accident.
An Environmental Radioactivity Monitoring Program
can be realized by real-time “in situ” measurements of dose
rate, air kerma rate and/or air or soil contamination. However, it is more easy and common to proceed with a „Sampling“, a statistical process that allows inference on the
properties of environmental matrices from observations
made on samples of these [9]. Sampling for radionuclides in
the environment may be carried out for many purposes,
including estimation of certain characteristics such as the
mass activity density (concentration) of a radionuclide in
samples of air, sediment, water, the areal activity density of
radionuclide deposition (Bq m-2) in soil, and others [9].
Sampling can be realized with different methods and
designs. A monitoring program begins with the choice of
control points locations (if are known data on release, for
example near a discharge point), the selection of the radionuclides to be controlled and also the frequency of measurements depending on whether the monitoring is carried out as
part of a routine activities or during an emergency action.
Other strategies include a systematic sampling (establishing a grid of points where perform the sampling should be
performed,..), a temporal or spatio-temporal sampling, the
latter frequently adopted to perform erosion studies [9].
The choice and the criteria for selection of a sampling
strategy are reported in Scott et al. [10] which we refer for
further developments while equally notable is the choice of
instrumentation for measurement and monitoring program
in relation to goals.
Routine monitoring is performed mainly to define background levels, to quantify nuclide contamination and its
variability, to map their spatial distribution, to detect temporal and spatial trends, to assess the radiological impact
on human health, and so on.

tainer of large surface area, at least 2 m2, and preferably
using a large steel tank of adequate size for the periods of
intense rainfall.
Radioactivity released into surface waters is transported, diluted by diffusion and dispersed by mixing. Monitoring of drinking water is vital to determine the transfer
to man. Drinking water may be sampled from ground or
surface water suppliers or may be measured the evaporation residual. Chemical separation permits to determine
90
Sr content and 3H after purification by distillation.

ENVIRONMENTAL RADIOACTIVITY
MEASUREMENT METHODS
The measurement methods most commonly used in relation to the sample are: high-resolution gamma-ray spectrometry, alpha spectrometry, alpha or total beta activity
measurements, liquid scintillation counting (LSC), also in
combination with chemical separation methods for the determination of 90Sr or plutonium, X-ray fluorescence or diffractometry, and so on. Sampling media used are generally
air (particulate), drinking water, rain, ground and surface
water, soils, rocks, sediments, biota, and others. For radon
and radon daughters concentration measurement detectors
are generally used activated charcoal canisters, track detectors (CR-39 and LR-115), electrect E-PERM systems,
ionization chambers, ZnS-alpha scintillation detectors and
others. An extensive review of instruments and techniques used are presented in Michel [11] and Engelbrecht
and Schwaiger [12].

The choice of radionuclides to be controlled is very
important for the realization of the monitoring program.
The radionuclide significance depends not only on its concentration but also on physico-chemical properties and the
effect of intake by ingestion or inhalation on human metabolism as, for example, radioiodine requires special attention for health hazard because of its accumulation in thyroid.

Measurements can be done by either in situ or in laboratory. The aim of a in situ measurement is to make a
quick determination of exposure to assess the dose to people, identify the main radionuclides and reveal variations in
artificially produced environmental radioactivity. Most frequently in situ measurements provide total counting by
using GM detectors, ionization chambers, proportional
counters, scintillation or semiconductor detectors while less
common are specific analyses about individual radionuclides using for example a portable gamma spectrometric
system. A typical in situ measurement technique involves
the use of an ionization chamber placed at 1 m above the
ground to measure the gamma exposure from the soil. The
information is used to determine the dose absorbed by
humans. Obviously, the detector response is affected by
ionization produced by cosmic radiation whose contribution must be previously determined to properly evaluate
the terrestrial component of gamma rays.

Monitoring of air is of particular importance since inhalation is, in general, a major exposure pathway but also
allows to evaluate the rate of dry or wet deposition in
sediments and soils. Particulates are sampled by drawing
air through a filter, as paper, glass fibre, polyethylene foils,
and so on. Gaseous iodine and noble gas are sampled by
absorption on activated carbon cartridge while fall-out may
be monitored by collecting the dust that falls into a con-

Laboratory measurements are more accurate than in
situ because, besides being able to have better equipment,
the sample can be submitted to appropriate manipulations
to eliminate the matrix interferences. This is of basic
concern for low level concentration measurements because a desired accuracy of counting can be reached only
in special laboratories, where it is possible to have high
efficiency detectors and the background is low and stable.

Emergency monitoring following an accident is important to verify the impact of contaminants on individuals and the environment, the possible health implications
and the countermeasures to be taken to reduce potential
risks to the population and the environment.
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An improvement can be achieved through the collection
and measurement of a large quantity of sample matrix with
subsequent in-crease in radionuclide activity besides a development of specific measurement methods.
A gamma-ray spectrometry with HPGe detector is recommended for all samples and matrices involved. The
sample can be analyzed as such, or properly treated to improve the sensitivity of measurement. The pre-treatment
procedures depend on the type of the sample being measured and often samples are subjected to evaporation, drying and calcining in an oven to increase the radioisotope
concentrations.
Gamma spectrometry is an analytical method that enables qualitative and quantitative determination of gammaemitting radioactive nuclides in a material by measuring
the energy distribution of photons that reach the detector.
The high energy resolution and relative efficiency (at least
30%) of germanium detectors can easily identify and quantify the different radionuclides present in the sample. To
this end, it is essential a good knowledge of energy and
efficiency calibration parameters that can be obtained by
measuring calibrated gamma-ray sources. The energy calibration for each spectrometer must be as accurate as possible, since it depends on the ability of the spectrometer to
correctly identify the radionuclides that may be present in
a sample.
To quantify radionuclide contamination in various matrices, each measurement geometry must be calibrated in
efficiency by means of a standard source having the same
form, density and chemical composition of the sample but
known nuclide activities (reference materials). For example,
a standard solution (e.g. a QCY source from Amersham) or a
standard soil (e.g. Peruvian soil) can be used to calibrate the
most used volume measurement geometries (i.e. Marinelli
beakers, Fig.1).

Radon monitoring has aroused particular interest in recent years. Radon easily reaches the surfaces, diffuses into
the air and decaying produces various types of radioactive
particles that remain suspended in the air. The concentration is extremely variable and can change also more times
in a day. This radionuclide can be monitored by continuous (active) or time integrated ranging from 1 day to a year
measurements (passive) instruments. An active measurement of radon concentrations can be done by passing a
steady stream of air within a suitable detector of alpha particles, for example a cylinder with walls coated with ZnS.
Passive methods are the most used to meet the law requirements, that requires to made radon concentration measurements over a large period of time: the most common techniques involve the use of canisters of activated charcoal,
track detectors and electrets (E-PERMs). Activated charcoal has a great affinity for 222Rn, which with the half-life
of 3.8 days decays in 218Po, 214Pb, 214Bi, 214Po and 210Pb.
The equilibrium between 222Rn and its daughters can be
reached in about 3 h, with the exception of 210Pb. Concentration of radon is determined by counting gamma-ray
originating from 214Pb (295 and 352 keV) and the 214Bi
(609 keV). Track dosimeters have a cellulose nitrate film
of 12 microns in thickness as a sensitive element. Radon
gas gets inside the dosimeter by diffusion through the
polyethylene bag and starts a decay chain that includes, in
addition to 222Rn itself, two short-lived alpha-emitting:
218
Po and 214Po. Alpha particles emitted leave traces on the
film of cellulose nitrate through the rupture of polymer
chains constituting the sensitive emulsion. The assessment
of radon concentrations can be realized by considering the
number of tracks on the film, amplified with a suitable
chemical treatment, and the exposition time.
The E-PERM is an ionization chamber consisting of
plastic cup, small in size (about 50 cm3), containing an
electrostatically charged disc of Teflon (electret). Inside the
chamber, the presence of the electrect produces an electrostatic field and the ions generated by the decay of radon
and its progeny, respectively, are collected by the internal
walls of the chamber (positive ions) and the electret surface (negative ions). The average concentration of radon
in the environment of interest can be easily determined by
using suitable calibration factors and by measuring the
loss of electret voltage during a time period.
RESULTS OF SOME MEASUREMENTS
IN THE MEDITERRANEAN AREA

FIGURE 1 – Marinelli beakers used to perform liquid or soil sample
measurements.

Each measurement system must be characterized with
a Detection Limit both in terms of efficiency of the system
and in terms of MDA in the sample matrix. For low MDA,
the system background must be kept as low as possible (for
example by using low background instrumentation [13,
14]). To avoid systematic errors can be periodically performed an intercomparison of the measurement results with
the ones of other qualified laboratories using a proper reference standard.

Several environmental monitoring networks and many
research laboratories operate in many countries of the Mediterranean area. In many cases the networks were developed from those located around the nuclear power plants
and after the Chernobyl accident. For European countries,
the Euratom Treaty (articles 35, 36 and 37) requires
Member States to organize a continuous monitoring of
radioactivity levels in air, water, soil and other matrices to
provide data to an European Agency. An example is the
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EURDEP (European Radiological Data Exchange Platform) network whose data are collected, checked and
loaded into the Radioactivity Environmental Monitoring
(REM) Database by CEC Joint Research centre (JRC) at
Ispra (Italy). The data collected are available for those
researchers who want to have information on the evolution of radioactivity in various countries adhering to the
treaty.
National networks currently have two tasks: monitoring and emergency alarm. For example in Italy the
RESORAD network is responsible for ongoing monitoring
while those for the generation of an early warning are
formed by GAMMA (gamma dose in air) and REMRAD
(particulate pollution) networks whose alert signals are
managed by responsible authorities. In addition to institution networks involved in monitoring, many researchers
and institutional laboratories have developed surveillance
programs and experimented new measurement methods,
and it is difficult to give a comprehensive overview of
all activities and applications. In this paper, we may give
an overall picture of some types of measurements and
compare the monitoring experience performed at DIN
with the one of other laboratories in the Mediterranean
area.

The observation of environmental radioactivity at DIN
was started in the 60s with the recognition of the presence
of fission products due to the different nuclear tests in the
air in the previous decade. Over the years ranging from
1960 to 1970, several researches were directed to detect
radioactive isotopes in various matrices, including fall-out
and rain. After 1980, almost daily sampling of particulate
air pollution was performed by suction of atmospheric air
through 45×45 cm Sofiltra-Poelman HYN-75 (Bleu type)
cellulose filter paper using a high-volume air sampler located on the roof of our Department (20 m above groundlevel), a building within an undisturbed large park area in
the city of Palermo (latitude 38° 7’ North, longitude 13°
21’ East) [15]. The sampling time ranged from 1 h to 24 h
and the volume of air filtered is typically about 10,00020,000 m3 per day. After particulate sampling, the filters
were sprayed with a suitable fixer, cut into strips, folded and
pressed into 6×6 cm wide and 0.7 cm thick packets by a 15ton press. These samples are referred as “packet-samples“.
[16-21]. In Fig. 2 photographs of the sampling station and
the cellulose filter at the end of the sampling and after the
preparation procedure (packet-sample) are shown.

FIGURE 2 – Photographs of inside of the sampling station, cellulose paper filter at the end of suction ad after the preparation procedure for
the measurement.

This technique was used for about 30 years for a routine monitoring of air particulate contamination by using
different gamma-ray spectrometric systems based on HPGe
detectors which sensitivity was gradually improved to
achieve low and lower detection level. Actually the 137Cs
MDA is 0.015 Bq for a counting time of 80,000 s which
correspond to a very low air concentration of about 1.5 µBq
m-3. In Fig. 3 is given a picture of the spectrometric system
realized a few years ago with a low background detector
ORTEC GEM 50195S surrounded with OFHC (Oxigen Free
High Conductivity) copper, old lead, lead and polyethylene shieldings [22].

FIGURE 3 – Photograph of the DIN Low-background HPGe spectrometric system. The HPGe ORTEC GEM 50195S Low-background
detector is surroundend with a shielding composed with OFHC copper, old Lead, Commercial Lead, boric acid and Polyethilene bricks.
The cavity if flushed with exaust nitrogen from the dewar or, if needed, with nitrogen gas from a cylinder.

A large amount of data (almost daily) of natural (primarily 7Be and 210Pb) and artificial radioisotope (137Cs
and others) air concentration at Palermo was collected and
various analyses were carried out. For example, analysis of
7
Be air concentration behaviour along the years have permitted to demonstrate a long-term modulation in the 7Be air
concentration accordingly to 11-year cyclic solar activity.
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As highlighted in Fig. 4, the behaviour of 7Be monthly
average air concentration is inversely correlated with the
behaviour of Sunspot number, assumed as an index of Sun
activity. The limited correspondence of peaks and valleys is
due to a delay caused by the spread of beryllium in the
transport from the high stratosphere to the lower atmosphere.
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In Fig 6 is shown, for example, the evolution of concentrations in air of some radionuclide in the month of
May 1986.
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to rapidly change from 1/day to 3-4/ day the sampling frequency. Gas sampling was carried out by suctions through
active charcoal canister and, for 131I, a component of 75% of
total air concentration was determined. The subsequent
analysis of spectra detected on samples collected continuously allowed to determine the evolution of concentrations
in air of the main radionuclides [24] as well as the ones in
other matrices.
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FIGURE 4 – Comparison of monthly average 7Be air activity concentration and monthly sunspot number in the period 1982-2004.

100

Ru
I
132Te
137Cs
103

10

131

1
0.1
0.01
0.001

0.0001
0

10

7Be

6
1
4
0.5
2

0

0
1999

2000

2001

2002

7

year
FIGURE 5 - Monthly average 7Be and
years 1999-2004.

2003
210

2004

2005

These trends can be compared with similar air concentration behaviours reported in Fig. 7 with reference to
REM data collected by JRC for various locations around
the Mediterranean basin in the aftermath of the Chernobyl
accident [25].
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FIGURE 6- Trends of atmospheric particulate concentrations
collected in the month of May 1986.
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When the Chernobyl-event took place (26 April 1986)
DIN was therefore ready to detect the arrival of radioactive
contamination but it is only with the sampling performed
between 1 and 2 May 1986 there was clear indication on
the significance of radioactive contamination in the air. The
sample taken on 3 May 1986 (reported in [16,23] as a filter
No. 944) showed the maximum concentration values, never
previously recorded, and highlighted the consequent need
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Within a single year is noted that the Be concentrations are on average higher in summer than in winter. In
spite of different origin, a similar seasonal behaviour was
observed for 210Pb monthly average air activity concentration, with the maximum values detected during late Spring/
Summer months. Fig. 5 shows the trend of monthly average 7Be and 210Pb air activity concentration for the years
1999-2004.
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FIGURE 7 - Trends in air particulate concentrations aftermath the
Chernobyl accident in various locations. Data taken from REM
database, CHERN-AIR spreadsheet [25] .

The only radionuclide present in the air after a few
months after the accident is 137Cs, it was possible to
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An extensive study of sediments of the Gulf of Palermo has been carried out in the last 5 years, in order to
evaluate the spatial pollution of the area and in particular to
study the presence of phoraminifers in sediments of a column (30 cm) of the bay of Palermo. The dating was performed by using the 210Pbex (lead-210 in excess) method, a
component of 210Pb which is not justified by the presence
of 226Ra, which should be in secular equilibrium. The first
part of the column, until to a depth of about 6 cm, is not
used to calculate the decay because of the mixing by
phoraminifers. The results are given in Fig. 8 from which
it follows that the sedimentation rate is 0.55 cm y-1, comparable with the range 0.1÷0.7 cm y-1 reported by [34]. Dating the sediment core by a 137Cs concentration measurement performed in the same section leads to conclude that
the age of the oldest part is about 55 years. The evolution
of the 137Cs activity reported in Fig. 9 highlighted the
passage of radioactive cloud caused by the Chernobyl
accident in 1986 and French nuclear tests [35,36].
Observed seasonal variations in the concentration of
Be in surface air have often been attributed to the influence of variations in the exchange rate of air between the
stratosphere and the troposphere. 7Be concentration determinations were performed in almost all the countries
7
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This technique was applied on various soil and rock
samples also from volcanic little islands around Sicily [2630]. A linear relationship was established between the 214Bi
(238U) and 228Ac (232Th) activities for all islands [31-32].
As concerns the marine environment, a 15 years study
was performed on seagrass Posidonia oceanica, a bioindicator present off the coast of Sicily, by measuring the
radioactivity in Posidonia sediments. The larger amount of
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Lead-210 activity concentration (mBq/g)
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The accident in Chernobyl and the subsequent arrival
of radioactive cloud led to an increase of sensitivity to the
risks associated with the presence of radioactive substances
into the environment. Also for this reason, the Assessorato Territorio e Ambiente of Sicily region funded a campaign of sampling and measurement of numerous samples
of water, soils and rocks of Sicily, the largest Mediterranean island (with an extension of about 25000 km2 and a
wide variety of lithologies, ranging from sedimentary to
metamorphic and volcanic rocks), to have information on
the content of Uranium, Thorium and Potassium and detect
any traces of radioactive caesium. Samples of soils and
rocks were crushed, dried and canned for 20 days, so to
reach the radioactive equilibrium condition between 226Ra
and daughters. A spectrometric measurement gave information on trace content of 238U by 609 keV line of
214
Bi, of Thorium by measuring the line at 911 keV of
228
Ac while 40K was measured through its line of 1461
keV. As for radiocaesium is measured each activity of
134
Cs and 137Cs, and their relationship. In this way was
determined the contribution from Chernobyl (related to
134
Cs) from the one of Saharan origin.
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Cs (about 4 mBq/g) was found in samples from an area
called "Stagnone" off the coast of Marsala, an arm of the
sea shallow closed from Isola Grande and including the
island of Mozia. Because of the small possibility of mixing, as would normally take place at sea, the Caesium fallout (both coming from Chernobyl and Sahara) remained
in the Lagoon and was absorbed by Posidonia [33].
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measure continuously until about 10 years after accident
and then more and more occasionally. Since 2005 or so,
the levels are lower than detection limit for most of samples. Fig. 8 shows the monthly average concentration of
137
Cs in air measured after the Chernobyl accident, compared with those detected in the years 1981-1985 related
to nuclear tests conducted in air in the early sixties.
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FIGURE 9 – Total, supported and in excess 210Pb activity as a function of core sampling depth. The interpolation equation is A(210Pb) =
45.18 e-0.057x [mBq g-1].
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concentration after nuclear tests and Chernobyl accident
were determined in many countries, as in Spain, with a
value of 0.65 mBq m-3 [40].
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Measurement of soil or sediment samples are also
largely carried out to determine the activity of 40K, 238U,
226
Ra and 232Th, and derive a radioactivity index [2]. The
wide range of the measurements results depends on the
composition of soils and rocks, as also shown in Table 1,
whose data are derived from [3].
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of Mediterranean area and activity trends are reported for
example in [37,38]. Our mean value of 7Be ground-level
air concentration of 4.9 mBq m-3 is in the range 4 - 9 mBq
m-3 registered in Toulon (France) [37] but is very close to
typical values 3.5 - 4.4 mBq m-3 in Spain (Malaga and
Barcelona, [39, 40]), 5.02 mBq m-3 in Greece (Thessaloniki, [41]) and other values reported in [40]. The mean
value of 210Pb air concentration is 0.57 mBq m-3 (years:
1999-2004), very close to the one registered in Spain (0.5
mBq m-3, [40]), in Greece (0.664 mBq m-3, [41] while a
strong variability is noted in different locations of Syria
(from 0.16 to 0.42 mBq m-3[42]). Air particulate 137Cs

Soil type influences also the rate of caesium migration downwards in the soil with a variability of measurement values depending on sampling regions. Measurements of 137Cs in soils or sediments are carried out in
Spain [43] with values of 3.3÷6.4 Bq kg-1, in Turkey with
8÷9 Bq kg-1 [44,45] up to African countries, Tunisia, Algeria, Libya [46] in the range 0.9 to 1.72 Bq kg-1, and Egypt,
with an average value 7.1±3.7 Bq.kg-1 [47]. The study on
soil contamination is relevant also to know the soil-to-river
waters [48] or soil-to-plant transfer factors around nuclear
installations for artificial and natural radioactivity [49]. A
useful information is the nuclide deposition on a large area.
Measurements of 137Cs average deposition on various
countries after the Chernobyl accident range between
19.21 kBq m-2 in Slovenia to 0.75 kBq m-2 in Spain [50].
Measurements of 137Cs deposition in some Mediterranean
countries are reported in Fig. 11.

TABLE 1- Radioactivity in soils (Bq/kg , from Table 5 Annex b of UNSCEAR 2000 [3]).
40

Country
Mean
370
320
270
490
360

Algeria
Egypt
Syria
Croatia
Greece

238

K
Range
66÷1150
29÷650
87÷780
140÷710
12÷1570

Mean
30
37
23
110
25

226

U
Range
2÷110
6÷120
10÷64
83÷180
1÷240

Mean
50
17
20
54
25

232

Ra
Range
5÷180
5÷64
13÷32
21÷77
1÷240

Mean
25
18
20
45
21

Th
Range
2÷140
2÷96
13÷32
12÷65
1÷190

Seawater, sediments and Posidonia oceanica are used
to detect enhanced levels in the close vicinity of a nuclear
power plant as, e.g., in French Mediterranean coast with

The results of the analysis of the content of radioactivity in different basins of Mediterranean Sea obtained from
the MARINA MED project [54, 55] are shown in Table 2.

Spain

France

Italy

4

Croatia

8

Turkey

12

Greece

Cs deposition (kBq m-2)
137

16

Slovenia

FIGURE 11 - Deposition of 137Cs on some Mediterranean countries
after the Chernobyl accident [50].

maximum concentrations in seawater of 11.6±0.5 Bq m-3
and 16.9±1.2 mBq m-3 for 137Cs and 239,240Pu, respectively
[51]. Activation and fission products such as 106Ru, 110Ag,
134
Cs, 137Cs and 144Ce were detected in all samples of Posidonia oceanica sampled along the Spanish Mediterranean coast with an average 137Cs activity estimate of 0.51 ±
0.08 Bq kg-1 incorporated by Posidonia oceanica after the
Chernobyl deposition over the Mediterranean Sea [52].
Levels of 137Cs and 106Ru detected in samples of Mytilus
galloprovincialis collected monthly on French Mediterranean coast for 14-years are probably correlated to atmospheric fall-out for past nuclear tests and Chernobyl accident, but also for discharges from nuclear installations
located on the Rhone River banks, especially those from
the spent nuclear fuel reprocessing plant in Marcoule [53].
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It can be seen that the concentrations are relatively higher
for the Aegean and Cyprus sea because of mixing with the
waters of the Black Sea that are polluted by what is being
transported by rivers that flow into Ukraine and surrounding countries.

nificant when compared with a population dose limit for a
practice, 1 mSv per year (European Council Directive
96/29 EURATOM), or for a diagnostic examination that
involves the use of ionizing radiations.

TABLE 2 - Concentration values of 137Cs in waters and sediments of
various Mediterranean basins.
137

Cs concentration (MARINA MED Project)
area
Water (Bq/m3)
Sediments (Bq/kg)
Alboran sea
3.9
Algerian sea
4.3±1.0
6.7±0.4
Ligure-Provencal
basin
6.5±2.3
5.7±1.9
Tyrrhenian sea
4.7±0.2
3.4±0.7
Ionian sea
4.3±1.3
3.1±0.2
Adriatic sea
4.3±1.4
15±13
Libic sea
3.8
Aegean sea
9±4
4.9±2.9
Cyprus sea
9±3
Black sea
52±1
164±100
Levantine basin
7±3
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ABSTRACT
Radioactive materials coming from nuclear power plants
are released to the environment during operation and decommissioning. The main quantity of radioactivity inside a
nuclear power plant is due to neutron activation. Beside
this, radioactivity is due to contamination of materials and
systems which have been in contact with the main coolant
or with other contaminated fluids and gases. This work
concerns the spread of radioactive contamination during the
dismantling of E. Fermi Nuclear Power Plant (Italy). We
will analyze in particular the cutting of contaminated metal
components: the primary circuit elements. Aerosol production and dust caused by thermal cutting is a noteworthy
issue. Moreover, metal dusts and aerosols have harmful
effects on human health and on the environment. We will
summarize two methods for assessing the quantity of radioactivity resuspended by cutting operations. The correct
use of individual radioprotection devices can overcome
the issue of inhalation/ contamination.

KEYWORDS:
decommissioning, PWR, contamination spread.

INTRODUCTION
This work concerns the spread of radioactive contamination during the dismantling of a nuclear power plant. Our
analysis relates to E. Fermi nuclear power plant (Italy), a
Westinghouse Pressurized Water Reactor, which had an
electrical power of 272 MWe, and was in operation from
1965 to 1987. The plant included 4 primary loops and a
pressurizer, with a circulation pump and a steam generator
each. The spread of contamination can be caused by
handling, moving and cutting contaminated concrete, contaminated systems or metal components. We will analyze in
particular the cutting of the most contaminated metal components: the primary circuit elements.
Before assessing the spread of contamination, a complete radiological characterization of the system must be

known. We consider the main components separately: piping, steam generators (SGs), pressurizer. We give an evaluation on the quantity of radioactivity involved in the cut. The
quantity of radioactivity involved in cutting operations can
be assessed in many ways, but we will summarize two methods.

DISMANTLING OPERATIONS
During decommissioning operations, radioactive materials are released to atmosphere and surface waters. This
release is very small, compared to the total amount of radioactivity hold inside the reactor. The main quantity of
radioactivity is due to neutron activation of materials and
structures submitted to neutron flux during the operation of
the plant. Beside activation, radioactivity is due to contamination of materials and systems which have been in contact
with the main coolant, or with other contaminated fluids
and gases.
The main part of solid materials resulting from a plant
decommissioning is concrete. The second one is metal components, such as the primary circuit pumps, pressurizer,
steam generators and piping. This metal will be divided
into: material for releasing (solid material containing traces
of radioactivity lower than the free release level), contaminated not releasable material, or activated not releasable
material. The destiny of such materials should be planned
considering clearance, recycling and reuse options of all
components and scraps [1-5].
Legal constraints on material can be eliminated when
activity decreases below clearance levels. Clearance levels
are a set of requirements on radionuclides concentrations
below which radioactive waste is no longer classified as
radioactive hazard. Levels for unrestricted release of material are not internationally harmonized, but are recommended
by European Commission and international organizations.
Some cost-effective options to clearance still exist, but when
considering the long-term clearance is the best waste management choice [4]. On the other hand, also material decontamination and recovery is a proper scenario [5].
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The main part of radioactivity is hold inside the reactor building, more precisely is hold by the primary system
[6-9]. The primary system dismantling activity implies the
dealing with contaminated and activated metals, and in particular, the cutting operations may allow contamination
spread in the working area or to the environment.
Mechanical cutting, plasma cutting, and oxy-fuel cutting are the most suitable cutting techniques for Torino
primary circuit segmentation, because of their technological and costing characteristics [10]. In any case, all cutting parameters (gas flow, cutting speed) must be set in
advanced considering the material to cut and its thickness.
The will to reduce external dose in not remote cutting
activities may justify the choice of high velocity techniques, in order to reduce workers exposure time. On the
other hand, these techniques, like plasma cutting, produce
more secondary waste than mechanical techniques. The
resulting metal dusts can be inhaled; this inhalation produces damage; moreover it causes pathologies like respiratory syndrome or chromosome damage [11-14]. Internal
radiation exposure via inhalation can occur, too, so that
workers are exposed to a potential radiological risk.
Two mechanisms may explain the production of particles during high temperature metal cutting: condensation
of vaporized material and emission of melted material and
fragments from the cutting zone. When vaporized metal
diffuses far from the cutting zone, cooling and condensation occur, and nucleation of aerosol particles begins. These
particles usually show a median aerodynamic diameter
smaller than 1 µm, therefore, they are considered as PM-10.
Only a small fraction of the total volume involved in
the cut becomes airborne. The remaining quantity has
bigger diameters and is then unable to flow away: it settles on the floor. Only a small percent of the cut out mass
becomes respirable (size <10 µm): for stainless steel, respirable mass is less than 1%. Emission of fumes and dust
during plasma cutting process depends on environmental
conditions, cutting direction, gas and gas flow, presence

of deposits, cutting speed, shape, as well as kind of material and inclination of the component. Elementary composition of fumes includes iron, manganese, nickel, chromium, cobalt and lead. Several studies show that particle size
distribution may be bimodal, with median aerodynamic
diameter of about 0.2 µm for the particles of smaller size,
and close to 7 µm for the larger size particles [15]. The
dust quantities produced with the plasma cutting are usually greater (from 2 to 5 times) of those obtained by oxyacetylene cutting [16].
RADIOLOGICAL CHARACTERIZATION OF
THE SYSTEM
The kind of assessment, we are going to perform,
needs a suitable knowledge on the presence of radioactivity
into the primary system. That means, a complete radioactivity inventory should be known. Inventory for decommissioning purpose is an evaluation of systems internal contamination and activation in order to plan the best procedure of dismantling. This kind of evaluation starts from the
historical analysis of plant operating life and of conditions
that could lead to accidental contaminations. Systems are
then classified into contaminated and non-contaminated,
activated or non-activated. Table 1 reports some criteria
for system classification. Representative components for
each system should be analyzed in order to know: level of
radioactivity, isotopic composition, correlation factors (factors relating easy-to measure radionuclides with non easy-to
measure radionuclides) and superficial removable contamination lying on outer surfaces (removable layer). This first
classification is followed by dose rate measurements on
each component.
To evaluate the deposition of contamination on components inner surface, calculation codes are applied when
a direct measurement is not possible. These codes consider
the dose rate profile, the thickness and the kind of material
belonging to the circuit, and the presence of coating. To

TABLE 1 - Material classification.

Material
Metal

Non metal (concrete/
reinforced concrete/
structures/ coatings)

Material classification
Consider: operating history / activity measurements / field measurements
Condition
Main Exposition pathways
Observations
Contaminated
Inhalation
Internal and/or external surfaces
External radiation
Intact component disposal scenario
Possibility to remove the contaminated layer
Activated
External radiation
Depth of activated layer
Inhalation
Intact component disposal scenario
Not contaminated nor
Level of radiation field in the working area –
activated
Possible external radiation pathway
Contaminated
Inhalation
Internal and/or external surfaces
External radiation
Possibility to remove the contaminated layer
Activated
Not contaminated nor
activated

External radiation
Inhalation
-
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Depth of activated layer
Level of radiation field in the working area –
Possible external radiation pathway
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evaluate the level of contamination inside the system, previous analysis and samples removed while the reactor was
operating can also be used.
Activity due to neutron activation can be found inside
the reactor pressure vessel and its internals, and in some
structures and components inside the primary containment.
Compared to the value (in Bq) of radioactivity due to system contamination, activation is many orders of magnitude
greater [6-8]. It must be evaluated using a calculation code
and validated experimentally by comparing the results with
radiochemical analysis on samples. Neutron activation depends upon material composition and level of irradiation.
The quantity and the spatial distribution of samples to remove in order to validate the computed results, both for
contamination and activation calculations, should be optimized with the aim to obtain the best statistical information at the lower cost, with a particular attention on
those radionuclides whose quantities are limited by acceptance limits for nuclear waste repository [17].
In this paper we only refer to contamination on metal
components, while activated material needs different approach.
Historical analysis of facility conditions and of
measures performed along the length of the primary circuit
allows to affirm that neutron activation of pressurizer,
steam generators, pumps and piping outside the biological
shield is negligible. We can also affirm that the shell of
Steam Generators has never been in contact with contaminated fluid, and is therefore non contaminated material, as
analyses confirm [8].
ASSESSMENT OF
RESUSPENDED CONTAMINATION
Making an assessment of resuspended contamination
during segmentation procedure, we can consider only the
cutting phase: the resuspension of contamination during
handling can be limited to trivial levels by the use of seal-

ing foams or wrap on the openings. The quantity of radioactivity involved in the cutting operations is the quantity
of radioactivity on the inner surface of the system, because
the radioactivity on external surface of the system we are
analyzing is trivial when compared to the inner value. The
calculation of the quantity of material that becomes airborne and can be released to the environment is an issue
which involves many different aspects. It can be foreseen
in many ways. We will summarize two methods.
The first option, extremely conservative, is to consider that all the amount of radioactivity on the surface of
material involved in the cut is released to the air and becomes airborne. Only a small percent of the cut out mass
becomes respirable (size <10 µm): for stainless steel respirable mass is less than 1%. This quantity can be inhaled
by workers or flow to the plant filtering system and a
percentage is then released to the environment.
We consider the main component separately: piping,
steam generators (SGs), pressurizer. Pumps will not undergo segmentation.
One piping loop is about 15 m in length: segments of
1.5 m mean length are produced by 10 cuts on each loop,
40 cuts on the whole primary circuit. Each segment will
weigh about 1 Mg (1 Mg = 1 ton).
We consider the width of the cut being 5 mm. The resulting segments will undergo decontamination for material recovering. The actual number of cuts and their positions will be determined considering valves and curves on
the circuit. All the openings on pipe segments will be
sealed to avoid spread of contamination. All the instrumentation or sampling lines as well as connections with
other systems, will be removed in advance.
SGs are the primary components which the greater
contaminated surface belongs: 5220 m2 of contaminated
surface over the 5510 m2 belonging to all the primary circuit. Each tube bundle is composed by 1662 tubes of about
14 m in length. We consider the width of the cut being

TABLE 2 - Primary system cutting procedure characteristics.
Primary system cutting procedure characteristics
Inner diameter
Number of
Width of
and thickness to
cuts
the cuts
cut
Piping
Stainless Steel
0.524 m,
40
5 mm
0.046 m
SG tube bundle
Stainless Steel
0.0154 m,
16
1 mm
1.83E-03 m
Pressurizer
Steel
1.626 m,
11
5 mm
0.119 m
Cutting speed
Total cutting net time
Plasma cutting
Oxy-fuel cutting
Plasma
Oxy-fuel
cutting
cutting
Piping
25 cm/min
50 cm/min
4.8 h
2.4 h
SG tube bundle
100 cm/min
70 cm/min
24 h
34.2 h
Pressurizer
40 cm/min
2.5 h
a
value calculated using the component medium diameter;
Material
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Total length to
cut a
71.6 m

Total contaminated
area involved in
the cuts
0.33 m2

1438.5 m

1.29 m2

60.3 m

0.28 m2
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1 mm, obtaining 1 m length segments: 16 cuts on each
tube will be executed. Each segment made of 1662 cut
tubes will weigh about 1.3 Mg.

and less. The Leakpath Factor is the fraction of the radionuclides in the aerosol transported through some confinement deposition of filtration mechanism [18].

The pressurizer can be segmented by 11 cuts, 5 mm
width. Each segment will weigh about 5.1 Mg.

For our analysis we can define the area of the cut
(whose width are reported in table and is used also in the
previous calculation) and a ‘Border area’: a surface which
is influenced by the high temperatures of the cut area (Figure 1).

The cutting techniques here considered are: oxy-fuel
cutting, plasma cutting. Using the values of inner diameter, number of cuts, width of the cut, and a representative
value of inner surface contamination in the cutting region,
we can calculate the values of total contamination involved
in the cutting procedure for the main components, as reported in Table 2, and the 1% as respirable airborne contamination.
The second option is to use the DOE data [18]. A
source term formula is defined, that is the amount of radioactive material, in grams or curies, released to the air.
The initial respirable source term, a subset of the initial
source term, is the amount of radioactive material driven
airborne at the accident source that is effectively inhalable.
The airborne source term is typically estimated by the multiplication of five components: Material-at-Risk (curies or
grams) (MAR), Damage Ratio (DR), Airborne Release Fraction (ARF), Respirable Fraction (RF), and Leakpath Factor
(LF). The initial source term and initial respirable source
term are products of the first three factors and first four
factors respectively.
The damage ratio is the fraction of the MAR actually
impacted by the accident-generated conditions. The value
of material at risk in this case is the total amount of radionuclides activity involved in the cut, that is, stressed by
thermal shock. The ARF is the coefficient used to estimate
the amount of a radioactive material suspended in air as an
aerosol and thus available for transport due to a physical
stresses from a specific accident. The Respirable Fraction
is the fraction of airborne radionuclides as particles that
can be transported through air and inhaled into the human
respiratory system and is commonly assumed to include
particles 10-µm Aerodynamic Equivalent Diameter

FIGURE 1 - Scheme of the cut.

We consider our ‘material at risk’ as the inner surface
contamination. We consider as ‘Border’ an area of 5 cm
width on both side of cut area. Small metal samples will burn
with an ARF and RF of 5 E-4 and 0.5 for self-sustained
oxidation of metal. For the Border area we can consider an
ARF and RF to be 3E-5 and 0.04 (oxidation at elevated
temperatures below ignition temperature) [18].
We obtained the values reported in Tables 2 and 3.
Internal exposure of workers due to inhalation of radioactive dust can be avoided using respiratory tract protection devices. Filtering HEPA systems (class H13 or
greater) with pre-filtering will be positioned near the cut-

TABLE 3 - Spread of contamination calculated as explained in the text.

Representative contamination
First Conservative Calculation
Total contamination
Airborne respirable contamination
Second Calculation
Total length to cut*
Width of the cut
Total cut area
Cut area ARF
Cut area RF
Border area
Border area RF
Airborne respirable contamination
* value calculated using component inner diameter

Spread of contamination
9.62E+03 Bq/cm2
Piping
3.17E+07 Bq
3.17E+05 Bq
Piping
6.58E+03 cm
0.5 cm
3.29E+03 cm2
5 E-4
0.5
6.58E+04 cm2
3 E-5
0.04
8.67E+03 Bq
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2.46E+03 Bq/cm2
SG tube bundle
3.16E+07 Bq
3.16E+05 Bq
SG tube bundle
1.29E+05 cm
0.1 cm
1.29E+04 cm2
5 E-4
0.5
1.29E+05 cm2
3 E-5
0.04
8.31E+03 Bq

2.99E+03 Bq/cm2
Pressurizer
8.40E+06 Bq
8.40E+04 Bq
Pressurizer
5.62E+03 cm
0.5 cm
2.81E+03 cm2
5 E-4
0.5
5.62E+04 cm2
3 E-5
0.04
2.30E+03 Bq
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ting zone. All the air belonging to the Reactor Building,
where these operations will take place, is then filtered and
monitored by the aeration system of the plant.

The correct use of individual radioprotection devices
and devices for protection of respiratory track, as emissions
retaining rooms, filtering systems, masks, gloves and suits,
can overcome the issue of inhalation of contamination
spread as consequence of metal cut.
Aerosol production and dust caused by thermal cutting of components and piping is a noteworthy issue. It
should be analysed carefully with experimental mock-up
cutting campaigns referred to the actual cutting conditions.
Mock-up siystems should be equivalent in shape, dimensions, composition, surface treatment, environmental conditions, fume suction, filtering systems, to the working
ones. Results shall be analyzed and discussed during planning and realization of dismantling activities. The nonnuclear risk in these operations is noteworthy. In fact, metal
dusts and aerosols (nickel; chromium; hexavalent chromium,
zinc; lead…); nitrogen oxides; organic volatile compounds;
have harmful effects on human health and on the environment, andare subject to specific law constraints.
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ABSTRACT
Localisation of the IGNITOR experiment in Italy has
seen growing attention during the last years. Recently,
due to several technical reasons, a new site has been identified, the Caorso Site, in northern Italy, a nuclear site
where a nuclear fission power reactor was sited. Preliminary Radiological Impact analyses for the siting of IGNITOR in Caorso are presented in this paper. The IGNITOR
radiological impact turns out to be negligible both during
normal operation and in case of accident. No need of people evacuation or any emergency countermeasure is necessary, even in presence of the worst Design Basis Accident.

KEYWORDS: IGNITOR, fusion reactors, environmental impact,
siting, radioactive pollution.

evaluated; a nuclear licensing procedure must be followed
before building the machine, however, simplified as compared with that required for a fission power reactor.
IGNITOR is a proposed compact high-magnetic field
tokamak aimed at studying plasma burning conditions in
Deuterium-Tritium plasmas [1]. The IGNITOR experimental reactor operation lifetime will be divided into two
phases: in the first one, H and He aneutronic plasma will
mainly be used, followed by a limited Deuterium- plasma
operation. In the second one, Tritium and neutron activated
materials will be present, however, quite moderately. The
total radioactive inventory at the end-of-life irradiation has
been estimated in about 107 Bq of activation products at the
shutdown, 6.8 1015 Bq after 1 week, 3.3 1014 Bq after 1
year, 1012 Bq after 50 years of decay. The Tritium inventory in the whole machine, including the fuel system,
amounts to a few grams.
The core of IGNITOR tokamak is shown in Fig. 1. It
can be noticed that the dimensions of the machine are very
compact (see Table 1 for details). Pulses at different power
levels are planned, with either DD or DT operation.

INTRODUCTION
Fusion reactor studies are mostly devoted to the Deuterium-Tritium (DT) fuel cycle. Neutron-induced transmutation of materials due to DT-generated neutrons will give
rise to the potential for long-term activation, i.e. neutroninduced radioactivity in structures. Tritium itself is a
radioactive material with potential radiological hazards,
especially in the oxidized form. A DT fusion reactor, in
fact, will have many nuclear-relevant aspects; some of the
main drawback of fission reactors, however, are not found
in fusion: for instance, the radioactive inventory in a fusion reactor does not contain plutonium and other transuranic elements, and the inventory of alpha-emitters is at
minimal levels. Moreover, since neutron-induced radioactivity is the main component of fusion reactors radioactive
inventory, this may be effectively reduced by a correct
choice of the constituting materials. Furthermore, a fusion
reactor has no proliferation-relevant materials. The attractive safety and environmental potential of fusion can be
substantiated by an adequate plant design and optimization.
In any case, even for experimental machines like those being
built nowadays, nuclear-relevant aspects require that the
radiological environmental impact of the experiments is
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FIGURE 1 - Core of IGNITOR tokamak.
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and direction, atmospheric stability classes for different
weather conditions) and population aspects (population
distribution, food consumption habits around the site): many
data were collected over the years [3]. For instance, climatology studies around the Caorso site have determined
that:
a. the prevalent wind direction is NWW-EES;
b. the prevailing wind velocity class is 1-2 m/s;
c. the prevalent atmospheric stability class is D.

TABLE 1 – IGNITOR main design parameters
Major radius
Rt = 1.32 m
Minor radii
a = 0.47 m; b = 0.86 m
Magnetic field*
Bt = 13 T
Plasma current*
Ip = 11 MA
Pulses duration
3 - 5 s (flat top)
Plasma density
n = 1021 m-3
Plasma temperature
T = 12 keV
Fusion power*
Pfus = 90 MW
Plasma surface
Sp = 36 m2
Plasma volume
V = 10 m3
* values at maximum performances

The IGNITOR tokamak main components are a molybdenum first wall (volume: 2 m 3), an INCONEL625
vacuum vessel (4.4 m3), the Cu-based toroidal magnets
(12.2 m3) and the AISI316 machine structure (named “CClamp”, 24 m3).
IGNITOR has a scheduled activity running for 10 years.
After a first period with aneutronic plasmas (H and He),
useful for the setup for the machine, a period with DD plasmas will follow. After this, starting from the third year,
DT discharges will begin: tritium concentration will grow
from an initial 5 to 50% (at beginning of the fourth year) and
plasma power will increase. Maximum irradiation (10 years
– machine end-of-life) is considered for the safety evaluations presented in this paper.
Total operation time of IGNITOR is quite small. In
fact, after a discharge of about 4 s, pauses last for h. In
total, during the 10-years life of the machine, about 9000 s
(2.5 h) of DD plasmas and 6000 s (1.7 h) of DT plasmas
are scheduled, with also 9000 s of aneutronic plasmas.
The machine, being a small experimental tokamak,
should inherently have a very low radiological risk and environmental impact. However, as it was discussed before, an
evaluation of this impact is necessary for safety and licensing reasons: most of the accident source terms that impact
the environment come from the tritium inventory and will
be evaluated here.
Siting of IGNITOR in the Caorso Nuclear Site

Localisation of the IGNITOR experiment in Italy has
seen growing attention during the last years [2]. The determination to carry out this project in Italy has driven to
taking into account several candidate sites. Recently, due
to several technical reasons, it was identified a new site, the
Caorso Site, in northern Italy (see Fig. 2), a nuclear site
where a nuclear power plant (NPP) was sited. The NPP is
presently under the decommissioning phase, and the site
could be easily utilized for IGNITOR siting and operation.
The actual cost of building a new experiment can be
considerably reduced if infrastructures are already available on its envisioned site. The facilities of the Caorso site
have been analyzed in view of their utilization for the operation of IGNITOR machine.
The site of Caorso, having hosted a NPP, is completely
characterized, both from the meteorological (wind velocity

FIGURE 2 - The Caorso Site

The following goals must be obtained by the analysis:
- The IGNITOR experiment must protect the health and
safety of the facility personnel and the public, by maintaining an effective defense against hazards,
- IGNITOR must maintain an operation that is environmentally acceptable to present and future generations, and to satisfy the two basic requirements for environmental feasibility of fusion:
1. No need of public evacuation in case of the worst
accident;
2. No production of waste that could be a burden for
future generations, i.e., minimization of the production of long-lived radioactive waste.
The question of waste production and management
has been addressed in previous papers [4], and it turned
out that IGNITOR can fully fulfil the requirements.
ENVIRONMENTAL RELEASES
Environmental releases during normal operation for
IGNITOR are practically negligible, and deal with quite
small quantities of tritium. Early evaluations of those re-
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leases were performed in past assessments [5], and determined a total annual release of about 30 Ci (1 Ci = 3.7
1010 Bq) of Tritium in gaseous form. Those assessments
have been updated and reduced in quantity, due to the
recent revisions in the machine tritium system [6], operation schedule, characteristics, etc. According to those last
updates and revisions, the routinely released quantities
from IGNITOR are reduced to a very small quantity (less
than 1 Ci per year). To be on a safe side, the annual quantity of 1 Ci of Tritium will be assumed.

Failure of pipe can be considered equivalent to
Vacuum Vessel (VV) perforation, so, in this case, it
supposes the 10% loss of radio-active material present in VV.

The loss of secondary containment in the Glove
Box, caused by structure failure or glove perforation,
can bring undesired inert gas emission and probable air
inlet to the box. The outlet of inert gas from Glove
Box not implies remarkable risks because primary containment is integral. The air inlet in Glove Box is more
risky because a fire can take place in nitrogen recombiner, due to its high working temperature (600-700 °C).

Concerning accidents, the non-site dependent accidental analysis of the machine has been recently completely re-valuated [7]. For instance, as mentioned, a new
design of the machine Tritium System (TRT) has been
necessary, in order to cope with the recent evolutions of
the machine design [6]. The new design has brought to a
reduction of the Tritium inventory in IGNITOR.
As consequence of these modifications, many of the
environmental source terms considered in previous accidental analyses have been reduced.
Also the PSA (Probabilistic Safety Assessment) - upon
which the accidental analysis is based - has been reviewed
considering new and better data, and accidental sequence
frequencies were re-defined.
The PSA main phases and the systems analyzed by
FMEA are summarized in a previous paper [8]. Seven main
accidental sequence groups have been finally identified.
Accidental sequences defined as DBA (Design Basis Accidents) have been accounted for, having a frequency of 10-7 /y
or superior. BDBA (Beyond DBA) accidents have been
initially considered in the evaluation, but their inclusion
goes beyond the scopes of the radiological impact assessment of an experimental machine working for 6000 seconds during all its lifetime.

The erroneous opening of the high pressure tank (HPT)
valve and unsuccessful release from LPT (Low Pressure
Tank) pressure safety valve (PSV) during gas removing
and treatment period, foresees the possibility of LPT pressurization. The LPT is a container utilized to maintain gas
manifolds at low pressure, limiting overpressure risk.
Table 2 shows the final selected environmental sequences, their frequency and environmental release quantity: tritium turns out to be the only relevant source term
for Design Basis Accidents.
TABLE 2 - Final selected environmental sequences,
their frequency and environmental release quantity.

I4
I5
I7
I11

I5 Failure of GIS pipe in bunker
The failure of a GIS (Gas Injection System) pipe
and consequent LOVA (Loss of Vacuum Accident)
during plasma discharge, foreseen the possibility of air
re-entry in the line, that reacts with gas causing combustion. Moreover, machine losses vacuum condition
and plasma disrupts.

Frequency
(event/year)
1.40E-06
1.76E-06
5.01E-05
8.50E-03

Release (Bq)
8,14E+10
5,59E+12
3,33E+08
5,25E+12

Nuclide
3

H

3

H
3
H
3
H

RADIOLOGICAL IMPACT ASSESSMENT

•

•

I11 Erroneous opening of the high pressure tank
valve and unsuccessful release from LPT PSV to
stack

•

A list of selected accidental sequences and a brief description is given in the following section. The same denomination as in ref. [9] has been kept.
I4 Failure of passing pipe in EX 1103 room
The fortuitous impact with moving members (handcars) that causes failure on line in external room at
every containment, during gas transfer from TSD system (Tritium Storage and Delivery system, a part of the
TRT system) to machine room, foreseen the gas discharge from pipe-lines and could lead to fire ignition. If
a room has not appropriate containment systems, a
tritium release to the environment could follow.

I7 Loss of secondary containment in the Glove
Box

•

Concerning dose evaluations for personnel and public, the GENII-FRAMES population dose code has been
used [10].
Tritium is the only released nuclide during normal
operation (1 Ci/y = 37 GBq/year). Release conditions for
normal operation are the following: release height is both
at ground level (0 m) and from the stack (60 m). The
release duration is 1 year, and annual average meteorological characteristic data for Caorso site have been considered.
The radiological impact assessment has been evaluated, and the computed effective doses to the public are
shown in the following Table 4. Tritium releases are
through the stack, 60 m high, that is the available stack at
Caorso site. Doses turn out to be trivial, absolutely negli-
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gible. The distance from the stack release to the point of
maximum fallout (plume touches the ground) is about 1 km.
For both routine and accidental releases of tritium, it
has been assumed that all tritium releases are oxidized immediately to HTO: this conservative assumption is made to
be on a safe side. This assumption was made also in similar environmental assessments, like that for the FIRE tokamak [11].

Effective Dose evaluation has been carried out considering all the exposure pathways: external exposure, ingestion and inhalation. Maximum doses are very small,
some hundreds of µSv (microSieverts), for events with a
frequency in the order of magnitude of one, every million
years: those doses are around 1/10th of the doses due to the
annual natural background level of radiation. If we analyze
the contribution of the different exposure pathways, ingestion contributes to about 75% of the dose, inhalation to
the remaining 25%, while external exposure is negligible.

TABLE 3 - Effective doses to public due to routine releases (release
height = 60 m).
Adult,
country man
Effective dose
1.31E-03
(µSv/y)

Adult,
urban

Children,
Children,
country man urban

1.26E-03

1.25E-03

CONCLUSIONS

1.21E-03

Effective Dose evaluation has been carried out considering all the exposure pathways: external exposure,
ingestion and inhalation. Dose values are referred to the
point of Maximum fallout.
If no credit is given to the presence of the stack, considering then a ground release, the doses due to normal
operation release are still negligible (see Table 4).
TABLE 4 – Doses to public due to routine releases (release height =
0 m).
Adult,
country man
Effective dose
1.93E-02
(µSv/y)

Adult,
urban

Children,
Children,
country man urban

1.84E-02

1.83E-02

1.77E-02

The radiological impact assessment has been performed for the off-site accidental sequences, defined in
Table 2. Release conditions for DBA are shown in Table 5.
TABLE 5 – Release conditions for accidental environmental impact
assessment.
hrelease
Stability Class
Wind velocity
Duration of release

0m
F2 – Pasquill Gifford
2 m/s
1h

Table 6 shows the results of the GENII/FRAMES
evaluations: effective doses to adults and children of the
critical group: it has been quite conservatively assumed
that they are living at 800 m from the release point, just at
the boundary of the Caorso NPP site area.

The IGNITOR radiological impact turns out to be
negligible both during normal operation and in case of
accident. In fact, the radiological impact analysis for the
normal operation and the main accidental sequences of
IGNITOR has achieved the following results:
• The site of Caorso is completely characterized, both
from the meteorological and population aspects, and it
is fully apt to host the experiment.
• The IGNITOR machine, both during routine operation
and DBA accidental sequences, presents a negligible
radiological impact. In fact:
o The Routine Doses are, as a maximum value,
0.0013 µSv/y (with the stack), and 0.019 µSv/y
(without it). Those doses are by far trivial ones.
o The Maximum Dose, in case of the worst accidental DBA sequence, is less than 0.25 mSv, below any relevant limit for any emergency countermeasure: for events with a frequency in the order of magnitude of one, every million years, those
doses are around 1/10th of the annual natural background level of radiation.
• As result of this analysis, we can also conclude that
the IGNITOR machine does not need any further containment, such as a "concrete primary containment",
like those used in nuclear power plants.
• No need of people evacuation or any emergency countermeasure is necessary, even in presence of the worst
DBA accident.
• As a further result, the presence of the stack for dispersion of airborne releases is not necessary from the
radiological viewpoint.

TABLE 6 - Effective doses to adults and children in case of accidental
releases.
Effective Dose [µSv]

I4
I5
I7
I11

adult

children

2.78E+00
1.91E+02
1.14E-02
1.80E+02

3.44E+00
2.36E+02
1.41E-02
2.22E+02
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