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To construct a new tourist harbour in Marina di Ragusa (Sicily), the dredging of 300,000 m3 of marine
sediment is required. To evaluate potential disposal options, a detailed physico-chemical characterisation
of this material is needed. A very cost-effective solution is represented by the re-use of the dredged material
for beach nourishment. To this aim, compliance with environmental standards and a strong homogeneity
between the receiving beach and the source sediments must be proved. Analytical determinations for the
main parameters show an arsenic content exceeding the Italian quality standard (12 mg·kg−1). In order to
evaluate arsenic mobility and availability, and therefore the actual release into the environment, a three-step
sequential extraction procedure was applied to a limited number of samples. The results obtained seem to
exclude the risk, showing that arsenic is almost totally bound to the resistant fraction and thus does not
represent an impediment to the beneficial re-use of sediment.
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1. Introduction

New harbour construction and the maintenance of existing structures require the dredging and
disposal of considerable amounts of sediments. These materials contain several compounds [1]
of environmental concern that, once discharged into the sea, can deposit and accumulate in the
bottom sediments, commonly associated with the finest material fractions [2–4] However, in recent
studies on heavy metals distribution conducted in specific areas, a significant contamination of
coarser fractions has also been evidenced [5,6].

During their mobilisation, sediments can induce the resuspension of the pollutants, thus behav-
ing as a source of pollution and therefore extensive characterisation of these materials should
precede any dredging operations. Particular attention has to be given to metals’ content since the
variation of oxic–anoxic conditions, favoured by dredging operations, make them likely to be
released [7]. For this reason, when their concentrations exceed legal limits, the risk associated
with material displacement and re-use has to be carefully assessed, evaluating not only their total
concentration, but also their fractionation [8]. In fact, the distribution of the metal content into
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108 E. Petrucci et al.

different fractions strongly affects their mobility and therefore their availability [9,10]. It is known
that metals are released more easily into the environment when bound to carbonates, to hydrous
oxides of Fe and Mn and to organic matter, whereas no risk is associated with metals strongly
linked to the mineral structure, mainly aluminosilicates [11].

A valid method to verify the metals fractionation is represented by the sequential extraction
procedure which, using extractants of increasing strength, induces the metals’ selective release
[12]. Many sequential extraction schemes differing in extractant agents and number of steps, have
already been described in the literature and widely applied in both soils and sediments [13–16].
The European Community Bureau of Reference (BCR) has recently approved and standardised
a three-step sequential extraction procedure that verifies the metal content associated with acid-
soluble, reducible, oxidisable and residual phases. This procedure has already been applied in the
study of polluted and non-polluted soils and sediments [16–20].

Quality assessment of the dredged material is an indispensable precondition for decision making
on sediments relocation [21]. When no contaminants are found, a possible destination for the
dredged material can be open-water disposal [21,22], although an accurate evaluation of the
effects on the receiving site (i.e. covering of the seabed, local increases in suspended solids levels
and turbidity, smothering of benthic organisms) is needed before considering this management
option as a suitable choice [23,24]. By contrast, when contamination does not permit relocation
of the material, sediments are normally placed in confined disposal facilities or in landfill or they
can be treated to remove the pollutants [25]. A correct environmental policy suggests that dredged
material, as well as any other waste, should be considered as a valuable resource for beneficial
use [26–28].

The re-use of uncontaminated marine sediments for beach nourishment actually represents a
very cost-effective solution to fight beach erosion. Such a phenomenon, due to both natural and
human activities, severely affects many coastal areas [29,30]. To evaluate the feasibility of such
an operation, characterisation of both the source sediments and the receiving beach is necessary
in order to verify the homogeneity of grain size distribution and physico-chemical properties [31].

This article presents a case study of the beneficial re-use of sediments resulting from dredging
activities in Marina di Ragusa, a seaside resort located on the southeastern coast of Sicily (Italy).
Because of the increasing tourist development of this area, the construction of a new tourist harbour
has been planned with the displacement of 300,000 m3 of material whose most advantageous
destination would be represented by the nourishment of an adjacent beach.

As reported previously [32,33], the area investigated is known to suffer from significant natural
erosive processes that have recently been enhanced by anthropogenic activities so that a plan
for the coastal protection has been adopted by local authorities to pursue the objective of an
environmental re-qualification [34].

In Italy, in the absence of a specific law devoted to sediment characterisation and disposal,
nourishment activity is approved by competent authorities when the dredged material is in com-
pliance with the quality standard indicated, for a restricted numbers of parameters, in Table 2 of
the national Decree-Law No. 367/2003 [35]. APAT-ICRAM, a government agency of the Italian
Environmental Ministry, indicates two concentration limits, LCB and LCL, for metals and a few
classes of organic compounds [22]. The basis chemical level (LCB) represents concentrations
in sediments that are close to the background value, corresponding to absent or unlikely eco-
toxicological risk. The limit chemical level (LCL) corresponds to a concentration above which
ecotoxicological risk is probable. Another international quality guideline is given by the effect
range low (ERL) [36], defined as the concentration below which effects are rarely observed. A
comparison of these values is reported in Table 1.

The aim of this study is to investigate the quality of sediments obtained by dredging the Marina
di Ragusa harbour, and based on a risk-based approach, to predict the potential environmental
impact of re-using the material for nourishment. To assess the quality of marine sediments, a
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Chemistry and Ecology 109

Table 1. Comparison between national and international guidelines for sediments.

ICRAM-APAT
Italian Environmental Ministry

Decree Law
367/2003 LCB LCL ERL

As 12 17 32 8.2
Cd 0.3 0.2 0.8 1.2
Cr 50 50 360 81
Cu (mg·kg−1) – 15 52 34
Hg 0.3 0.2 0.8 0.15
Ni 30 40 75 20.9
Pb 30 25 70 46.7
Zn – 50 170 150
Total PCB (μg·kg−1) 4 5 189 22.7
Total PAH 200 900 4000 4022

Notes: LCB, basis chemical level; LCL, limit chemical level; PCB, polychlorinated biphenyl; PAH,
polycyclic aromatc hydrocarbon.

detailed characterisation of the area of concern was performed by means of an accurate sampling
campaign followed by physical and chemical analysis. For those contaminants found to be at a
concentration level exceeding quality standards, the risk associated with material displacement
and re-use was assessed with the application of the BCR sequential extraction procedure.

2. Materials and methods

2.1. Sampling design

The sampling campaign was carried out in June 2007. The estimated volume of material to be
dredged was 300,000 m3.

A gravity core sampler was used to sample 19 stations located in the area of concern, as
illustrated in Figure 1. From each core, a top sample (consisting of the first 20 cm of material) and
a bottom sample (the last 20 cm) were collected.An intermediate sample was further collected from
cores longer than 150 cm (sampling stations 1, 9, 15, 16, 17, 18). In total, 43 marine sediment
samples were collected, grouped according to their depth and indicated in the text as D1 (0–
20 cm), D2 (60–90 cm) and D3 (120–150 cm). Six additional surface samples (0–20 cm) were
also collected from the beach to be nourished as reported in Figure 1, and labelled B1 to B6. All
the samples were homogenised, immediately refrigerated and analysed in three days.

2.2. Analyses

Samples for grain size analysis were pre-treated with a H2O2 solution and fractionated by wet
sieving using ASTM series sieves from 2 to 0.063 mm.

Total organic carbon (TOC) was determined according to DM 13/09/99 GU248 21/10/99
Met. VII using a Hewlett Packard elemental analyser. All the samples were preliminarily treated
with 1 M HCl in silver capsules for carbonate removal.

Total hydrocarbons (THC) were determined according to method ISO/TR 11046 which consists
of an extraction with 1,1,2-trichloro-1,2,2-trifluoroethane (Freon 113) followed by purification on
a Florisil column and determination by Fourier transform infrared spectrometry (FTIR). The detec-
tion limit of the method was estimated as 1 mg·kg−1. All the results are reported as concentration
on dry weight (DW) basis.
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110 E. Petrucci et al.

Figure 1. Study area and sampling stations.

For polycyclic aromatic hydrocarbon (PAHs) determination, sediment samples were air dried
and homogenised, then extracted using a preliminary ultrasound extraction using methylene chlo-
ride. The extract was then concentrated, purified on silica gel and determined by capillary column
gas chromatography with mass spectrometric detection (EPA methods 3550C and 8270D). The
detection limit of the method was estimated as 10 μg·kg−1. All the results were calculated with
respect to dry weight and expressed as the sum of the 16 total priority PAHs detected: (naphthalene,
acenaphthene, fluorene, phenanthrene, anthracene, fluoranthene, pyrene, benzo[a]anthracene,
chrysene, benzo[b]fluoranthene, benz[k]fluoranthene, benzo[a]pyrene, indeno[1,2,3-c,d]pyrene,
dibenz[a,h]anthracene, benzo[g,h,i]perylene, dibenzo[a,e]pyrene).

For polychlorinated biphenyl (PCBs) determination, sediment samples, air-dried and
homogenised, underwent ultrasound extraction with methylene chloride. The extract was then
concentrated, desulforated and purified using Florisil and analysed by capillary column gas
chromatography with electron capture detection (ECD) (EPA methods 3550C and 8082A). The
detection limit of the method was estimated as 100 ng·kg−1. All the results were calculated as
concentration on a dry weight basis and expressed as the sum of the seven congeners detected
(52, 77, 81, 128, 138, 153, 169).

For organochlorine pesticide (OCPs) determination, sediment samples, air-dried and
homogenised, underwent ultrasound extraction with a mixture of methylene chloride acetone.
The extract was then concentrated and purified using Florisil and analysed by capillary column
gas chromatography with ECD (EPA methods 3550 C and 8270D). The detection limit of the
method was estimated as 1 μg·kg−1. Concentrations are reported on a dry weight basis.

Heavy metals concentrations were measured by microwave-assisted acid digestion of samples
previously air-dried and sieved through a 2 mm sieve according to EPA method 3051A. Analyses
were performed by inductively coupled plasma mass spectrometry (ICP-MS; EPA method 6010C)
except for mercury for which analysis was performed by cold vapour AAS (EPA method 7471A).
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Chemistry and Ecology 111

The detection limit of the method was estimated as 1 mg·kg−1 for all the metals, apart from
mercury and cadmium, for which the detection limit was 0.08 and 0.02 mg·kg−1, respectively. All
the metal concentrations are reported on a dry weight basis.

For all the analyses, reproducibility estimated on triplicate samples was >90%.
To assess the method performance a standard reference material (SRM 1944) was used. This

reference material is a mixture of marine sediment from New York and New Jersey which is
certified by National Institute of Standard & Technology (NIST) for the determination of PAH,
PCB, OCP and several other trace elements. Recovery rates were generally >90%.

2.3. BCR sequential extraction

To evaluate the mobility and availability of arsenic, the BCR sequential extraction procedure was
adopted. This method, consisting of three steps and a residual extraction of 1-g sediment sample,
provides measurement of extractable metal using different media with increasing strength. In
particular, in the first extraction step, to determine the arsenic exchangeable and weak-acid soluble
fraction, acetic acid (CH3COOH 0.11 mol·L−1 at pH 2.85) was used.

On the washed residue from the first step the determination of the reducible fraction was carried
out using hydroxylammonium chloride (NH2OH•HCl 0.1 mol·L−1 at pH 2 by addition of HNO3).

On the washed residue from the second step, extraction of the oxidisable fraction occurred
using ammonium acetate (CH3COONH4 1.0 mol·L−1 at pH 2 by addition of concentrated HNO3)
after the addition of two aliquots of hydrogen peroxide.

To determine the residual arsenic non-silicate bound content an aqua regia (3 HCl+HNO3)
digestion of the residue from the third step was performed.

Finally, an aqua regia digestion of a further 1-g sediment sample was carried out and the result
was compared with the sum of the four fractions determined previously.

All the tests were carried out in triplicate.

2.4. Bioassays

Microtox acute toxicity tests were carried out according to standard procedures reported in theAzur
Environmental Microtox© Manual. The tests were performed on sediment pore water obtained by
centrifugation (6000 rpm, 60 min) of a sample aliquot diluted with synthetic seawater in a ratio of
1 : 4 (dry weigth on water volume). In these bioassays, the decrease in Vibrio fisherii luminescence
is calculated after an exposure time of 5, 15 and 30 min to the diluted extracts.

3. Results and discussion

The physico-chemical characterisation of all the samples is reported in Table 2. For each class of
samples, the results are expressed as mean and median value. Standard deviation and coefficient
of variation are also calculated.

Grain size fractions are classified as silt-clay (<0.063 mm), sand (0.063–2 mm) and gravel
(>2 mm). As can be observed, the prevalent fraction in all the samples is represented by sand,
whereas the percentage of gravel was almost always negligible.

In particular, all the samples from the receiving beach as well as the D2 samples presented an
almost identical distribution, with an average sand content of 95%, the remainder being constituted
by the fine fraction. Data referring to top samples (D1), although similar in gravel and sand content,
showed a high variability in the fine fraction, from 1 to 36%, as stressed by a standard deviation
of 7%. A different distribution was shown by the deepest samples (D3) where an average gravel
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Table 2. Basic statistics for grain size, organic compounds and heavy metals.

Gravel Sand Silt-clay TOC THC PCB PAH OCP Al
>2 mm (%) 0.063–2 mm (%) <0.063 mm (%) (%) (mg·kg−1) (mg·kg−1) (mg·kg−1) (mg·kg−1) (mg·kg−1)

Beach No. samples: 6
Mean 0.00 95.01 4.99 0.235 n.d. 0.00020 n.d. n.d. 1111
Median 0.00 95.30 4.70 0.231 – 0.00015 – – 1140
SD 0.00 1.33 1.33 0.044 – 0.00023 – – 153.6
CV 0.00 0.01 0.27 0.188 – 1.14 – – 0.14

D1 samples No. samples: 19
Mean 0.03 92.95 7.02 0.300 1.89 0.00027 0.025 n.d. 1684
Median 0.00 95.37 4.63 0.233 0.00 0.00 0.00 – 1533
SD 0.11 7.66 7.64 0.272 6.14 0.00056 0.077 – 841.86
CV 4.36 0.08 1.09 0.907 3.24 2.05 3.06 – 0.50

D2 samples No. samples: 18
Mean 0.19 95.43 4.55 0.185 n.d. 0.00005 n.d. n.d. 1342
Median 0.00 95.67 4.30 0.177 – 0.00 – – 1282
SD 0.01 1.98 1.97 0.036 – 0.00015 – – 332.66
CV 0.08 0.02 0.43 0.194 – 2.93 – – 0.25

D3 samples No. samples: 6
Mean 10.01 83.72 6.27 0.248 n.d. 0.00007 n.d. n.d. 1304
Median 6.26 84.25 3.76 0.215 – 0.00 – – 1151.5
SD 12.3 9.95 6.92 0.121 – 0.00016 – – 400.31
CV 1.23 0.12 1.10 0.486 – 2.45 – – 0.31
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As Cd Cr Cu Hg Ni Pb Zn
(mg·kg−1) (mg·kg−1) (mg·kg−1) (mg·kg−1) (mg·kg−1) (mg·kg−1) (mg·kg−1) (mg·kg−1)

Beach No. samples: 6
Mean 17.47 0.18 2.95 0.91 n.d. 2.93 3.50 9.90
Median 17.25 0.19 2.95 0.93 – 2.95 3.50 10.10
SD 1.41 0.01 0.29 0.15 – 0.27 0.20 1.12
CV 0.08 0.07 0.10 0.17 – 0.09 0.06 0.11

D1 samples No. samples: 19
Mean 17.41 0.20 4.59 1.86 n.d. 4.35 6.57 12.76
Median 17.10 0.20 4.40 1.30 – 4.00 5.50 11.50
SD 1.23 0.03 1.57 1.39 – 1.24 2.34 3.78
CV 0.07 0.13 0.34 0.75 – 0.29 0.36 0.30

D2 samples No. samples: 18
Mean 16.86 0.19 4.74 1.24 n.d. 4.17 5.51 11.18
Median 16.80 0.19 4.75 1.20 – 4.15 4.75 10.85
SD 1.12 0.01 1.51 0.25 – 0.79 1.84 1.74
CV 0.07 0.08 0.32 0.20 – 0.19 0.33 0.16

D3 samples No. samples: 6
Mean 15.15 0.18 4.50 1.52 n.d. 4.68 4.15 10.48
Median 15.70 0.18 3.90 1.15 – 4.45 4.05 9.70
SD 1.99 0.03 1.58 0.91 – 1.39 0.57 2.40
CV 0.13 0.15 0.35 0.60 – 0.30 0.14 0.23

Notes: n.d., not detected; SD, standard deviation, CV, coefficient of variation.
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114 E. Petrucci et al.

content of 10% was found. However, this data is not fully representative due to the limited number
of samples analysed. Actually, a significant gravel fraction (∼20%) was detected in only three of
six samples, all from close areas in the inner zone of harbour basin (stations 16, 17, 18). On the
whole, the comparison between surface samples taken from the beach to be nourished and marine
sediments showed high homogeneity.

TOC content in marine sediments is commonly highly variable.Although standard limits are not
available, data from the literature report average values of 0.5% in deep ocean sediments [37] and
a range of 0.10–1.5% [38] and 0.10–0.75% [39] for unpolluted coastal samples. Considering that
the TOC content does not exceed 0.3% in all the samples analysed, the literature data support the
conclusion that the study area is reasonably unaffected by organic pollution. High homogeneity
for this parameter between beach and marine sediment is also evidenced.

Characterisation of the organic compounds indicated that OCP values were always below the
analytical detection limit. Similar results were found for THC and PAH, except for two samples
representing the uppermost part of the cores from stations 9 and 15. In particular, the top sample of
station 9, with a total PAH content of 0.29 mg·kg−1, exceeded the quality standard of 0.2 mg·kg−1.
However, it is worth noticing that all the congeners were always found to be in compliance with
the law. PCB content (expressed as the sum of the concentrations of the seven indicator congeners
52, 77, 81, 128, 138, 153 and 169) was found to be above the detection limit in 11 of the 49
samples, although values were negligible, being about two orders of magnitude lower than the
quality standard of 4 μg·kg−1. Speciation analysis indicates that in seven samples, PCBs 138 and
153 accounted for ∼100% of the total PCB content, whereas in four, all from the core top layer,
a small percentage can be attributed also to PCBs 77 and 81. Good general agreement can be
found between the organic characteristics of the marine sediment and samples from the beach to
be nourished.

Data on the metals content shows that the mercury concentration was always below the detection
limit of 0.08 mg·kg−1. For aluminium, although a limit concentration is not available, the values
found in all the samples can reasonably be attributed to the mineralogical composition of the
sediments. This statement is supported by literature data indicating some background values for
different areas of the Mediterranean Sea. In particular, Buccolieri et al. [40] report an aluminium
background concentration of 36.866 mg·kg−1 in Taranto Gulf (Italy) and 70.000 mg·kg−1 in Milos
Bay (Greece). The chromium, nickel and lead contents are well below the quality standards (50,
30 and 30 mg·kg−1 respectively), with concentrations slightly lower in the sand of the receiving
beach. Cadmium, with a content ranging from 0.18 to 0.20 mg·kg−1, showed concentrations in
compliance with the limit of 0.3 mg·kg−1 in both beach and source sediment. Copper and zinc con-
centrations were significantly lower than the national and international values reported in Table 1.

Arsenic concentration exceeded the quality standard in almost all the samples. A slightly higher
content in beach samples and a quite weak dependence on sediment depth was also noted.

Arsenic is widely known as a major threat to environmental ecosystems because inorganic
arsenic compounds, As(III) and As(V), exhibit high toxicity to humans, even though the dominant
species in sediments are low-toxicity organoarsenic forms [41,42]. Contamination can occur from
both natural and anthropogenic processes and As accumulation in sediments is due to chemical
and physical binding or adsorption onto organic and inorganic particles [43]. For food and water
intake, the US EPA indicates an arsenic oral reference dose (RfD) of 0.3 μg·kg−1·day−1 [44].
This concentration represents the daily exposure to the human population that is likely to have no
appreciable risk of deleterious effects over a lifetime. However, the toxicity effects on humans of
arsenic-contaminated soils and sediments have not been sufficiently investigated.

Arsenic concentrations in all the samples are reported in Figure 2, where the quality standard
(12 mg·kg−1) and the LCB value (17 mg·kg−1) recommended by Italian Environmental Ministry
are highlighted. Our results show that 43% of samples exceeded the limit of 17 mg·kg−1. However,
all exhibited an arsenic concentration <20 mg·kg−1.
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Figure 2. Arsenic concentration in beach sand sample (white), D1 samples (light grey), D2 samples (dark grey) and D3
samples (black).

Previous studies conducted on sediments from two different nature reserves in Sicily [45,46],
one very close to Marina di Ragusa, reported similar higher arsenic content, thus suggesting a
geochemical origin for this element and therefore the need for a site-specific background limit
for this area.

To corroborate the hypothesis of a high background level of arsenic in the area of concern, a
more in-depth study of this element availability was needed. In particular, to accurately assess
arsenic mobility and therefore predict the risk associated with its release into the environment,
a sequential extraction test was carried out, adopting a three-step procedure. The procedure was
applied to a limited, but representative, number of samples. Three of them came from the receiving
beach, and eight samples were collected from the marine sediment cores.

The arsenic fractionation is presented in Table 3. the data indicate significant differences in the
arsenic percentage detectable in each phase after extraction. Similar behaviours for both marine

Table 3. Arsenic content, expressed as mg·kg−1 and %, obtained in the three steps of the BCR sequential extraction
and in the acid attack.

Arsenic sequential extraction

Exchangeable Reducible Oxidisable Residual

Sample mg·kg−1 % mg·kg−1 % mg·kg−1 % mg·kg−1 %

B2 n.d. <1 1.30 6.57 0.66 3.33 17.54 88.59
B4 0.39 2.50 1.32 8.46 0.63 4.04 13.26 85.00
2 D1 0.60 3.12 1.12 5.83 1.05 5.47 16.43 85.57
2 D2 0.33 1.81 1.37 7.53 0.79 4.34 15.71 86.32
4 D1 0.39 2.07 1.21 6.44 0.58 3.08 16.62 88.40
9 D1 1.41 7.92 1.30 7.30 1.17 6.57 13.92 78.20
12 D1 n.d. <1 1.15 6.28 0.88 4.81 15.97 87.27
15 D1 n.d. <1 1.49 6.80 0.93 4.25 19.18 87.58
15 D3 0.75 5.21 1.14 7.92 0.84 5.83 11.67 81.04
16 D1 n.d. <1 1.23 6.68 n.d. <1 16.57 90.05

Note: n.d., not detected.

D
ow

nl
oa

de
d 

by
 [

U
ni

v 
Po

lit
ec

 C
at

] 
at

 0
4:

48
 3

1 
D

ec
em

be
r 

20
11

 



116 E. Petrucci et al.

sediments and receiving beach samples are also highlighted. In particular, results show that the
exchangeable and weak acid soluble fraction accounted, on average, for only 2.2% of total arsenic
with values ranging from 0 to 7.8%. This implies that arsenic does not undergo prompt release
into the environment.

In accordance with previous studies [47,48], the reducible fraction exhibits the higher available
arsenic content (6.98 ± 0.80%). However, dissolution of iron and manganese, leading to the
release of arsenic bound to their oxides, occurs only in highly acidic and highly reducing potential
conditions [49]. Further studies have also proven the important role played by the microbial activity
of metal-reducing bacteria [50].

The arsenic bound to the organic fraction and therefore released under oxidising conditions,
accounted on average for 4.42 ± 1.28%. In a previous study [51] in which in vivo tests on pigs
were carried out, a strong correlation was found between the arsenic dissolved in the animals’
stomach and the arsenic present in both the exchangeable and reducible fraction, calculated in
sequential extraction tests. This suggests that theAs in the oxidisable fraction, although potentially
available, represents a toxicological risk of minor concern.

The residual fraction in eight samples ranged between 85and 90%, while in the remaining two
samples, 9 D1 and 15 D3, a lower arsenic residual fraction (∼80%) was found. Considering that in
the samples studied, the total arsenic content ranges from 14.8 to 19.8 mg·kg−1 and that the residual
fraction accounts for 80–90%, the data clearly indicate that the concentration released immediately
and that potentially available is never >3.8 mg kg−1 with an average value of 2.5 mg·kg−1.

Preliminary toxicological tests performed on sediments’ pore water by Microtox bioassays
showed no acute toxicity. The concentration corresponding to a bioluminescent inhibition of 20%
(EC20) was always >90% also after 30 min of incubation. Chronic effects, although unlikely,
cannot be excluded.

4. Conclusions

The analytical investigation of sediments collected in the basin of Marina di Ragusa (Sicily, Italy)
shows that all the samples exhibit substantial compliance with the quality standards, with many
parameters below the detection limit. Moreover, a high homogeneity between marine sediments
and the sand of an adjacent beach has been proved, thus suggesting the possible re-use of the
dredged material for the beach nourishment.

Arsenic levels exceeded the quality standard slightly. However, the results obtained from a
three-step sequential extraction procedure indicate that >80% of the total arsenic content is
associated with the residual phase. Preliminary tests have also excluded an acute toxicity effect.
In the absence of anthropogenic contributions and considering the consistency of concentrations
in all the samples, arsenic content can reasonably be attributed to the mineralogical composition of
the site, thus indicating the advisability of introducing a site specific background limit supported
by further toxicity studies.

References

[1] M.S. Islam and M. Tanaka, Impacts of pollution on coastal and marine ecosystems including coastal and
marine fisheries and approach for management: a review and synthesis, Mar. Pollut. Bull. 48(7–8) (2004),
pp. 624–649.

[2] C.E. Ruiz, N.M. Aziz, and P.R. Schroeder, RECOVERY: a contaminated sediment–water interaction model, Environ.
Model. Assess. 6(3) (2001), pp. 151–158.

[3] E.R. Christensen, Metals, acid-volatile sulfides, organics, and particle distribution of contaminated sediment, Water
Sci. Tech. 37(6–7) (1998), pp. 149–156.

D
ow

nl
oa

de
d 

by
 [

U
ni

v 
Po

lit
ec

 C
at

] 
at

 0
4:

48
 3

1 
D

ec
em

be
r 

20
11

 



Chemistry and Ecology 117

[4] M. Schorer, Pollutant and organic matter content in sediment particle size fractions, in Freshwater Contamination,
Proceedings of Rabat Symposium S4, April–May 1997, IAHS Publ. 243 (1997), pp. 59–67.

[5] N. Jayaraju, B.C. Sundara Raja Reddy, and K.R. Reddy, Metal pollution in coarse sediments of Tuticorin coast,
southeast coast of India, Environ. Geol. 56(6) (2009), pp. 1205–1209.

[6] M. Aloupi and M.O. Angelidis, The significance of coarse sediments in metal pollution studies in the coastal zone,
Water Air Soil Pollut. 133(1–4) (2002), pp. 121–131.

[7] A. Guevara-Riba,A. Sahuquillo, R. Rubio, and G. Rauret, Assessment of metal mobility in dredged harbour sediments
from Barcelona, Spain, Sci. Total Environ. 321(1–3) (2004), pp. 241–255.

[8] M.D. Petit and M.I. Rucandio, Sequential extractions for determination of cadmium distribution in coal fly ash, soil
and sediment samples, Anal. Chim. Acta 401(1–2) (1999), pp. 283–291.

[9] D.M. Templeton, F.Ariese, R. Cornelis, L.G. Danielsson, H. Muntau, H.P. van Leeuwen, and R. Lobinski, Guidelines
for terms related to chemical speciation and fractionation of elements: definitions, structural aspects and methodical
approaches, Pure Appl. Chem. 72(8) (2000), pp. 1453–1470.

[10] D.R. Turner, Relationships between biological availability and chemical measurement, in Metal Ions in Biological
Systems, H. Sigel, ed., Marcel Dekker, New York, 1984, pp. 137–164.

[11] J.S. Vieira, C.M.S. Botelho, and R.A.R. Boaventura, Trace metal fractionation by the sequential extraction method
in sediments from the Lis River (Portugal), Soil Sediment Contamin. 18(1) (2009), pp. 102–119.

[12] A.M. Ure and C.M. Davidson, Chemical speciation in soils and related materials by selective chemical extraction,
in Chemical Speciation in the Environment, A.M. Ure and C.M. Davidson, eds., Blackwell Scientific, Oxford, 2002,
pp. 265–300.

[13] A. Tessier, P.G.C. Campbell, and M. Bisson, Sequential extraction for the speciation of particulate trace metals,
Anal. Chem. 51(7) (1979), pp. 844–851.

[14] A. Sahuquillo, A. Rigol, and G. Rauret, Overview of the use of leaching/extraction tests for risk assessment of trace
metals in contaminated soils and sediments, Trends Anal. Chem. 22(3) (2003), pp. 152–159.

[15] C.Yuan, J. Shi, B. He, J. Liu, L. Liang, and G. Jiang, Speciation of heavy metals in marine sediments from the East
China Sea by ICP-MS with sequential extraction, Environ. Int. 30(6) (2004), pp. 769–783.

[16] G. Rauret, J.F. López-Sánchez, A. Sahuquillo, R. Rubio, C.M. Davidson, A.M. Ure, and Ph. Quevauviller, Improve-
ment of the BCR three step sequential extraction procedure prior to the certification of new sediment and soil
reference materials, J. Environ. Monit. 1 (1999), pp. 57–61.

[17] Ph. Quevauviller, G. Rauret, J.F. López-Sánchez, R. Rubio, A.M. Ure, and H. Muntau, Certification of trace metal
extractable contents in a sediment reference material (CRM 601) following a three-step sequential extraction
procedure, Sci. Total Environ. 205(2–3) (1997), pp. 223–234.

[18] G. Rauret, J.F. López-Sánchez, A. Sahuquillo, E. Barahona, M. Lachica, A.M. Ure, C.M. Davidson, A. Gomez, D.
Lück, J. Bacon, H. Yli-Halla, H. Muntau, and Ph. Quevauiller, Application of a modified BCR sequential extraction
(three-step) procedure for tile determination of extractable trace metal contents in a sewage sludge amended soil
reference material (CRM 483), complemented by three-year stability study of acetic acid and EDTA extractable
metal content, J. Environ. Monit. 2(3) (2000), pp. 228–233.

[19] M. Pueyo, J. Sastre, E. Hernández, M. Vidal, J.F. López-Sánchez, and G. Rauret, Prediction of trace element mobility
in contaminated soils by sequential extraction, J. Environ. Qual. 32(6) (2003), pp. 2054–2066.

[20] Z. Mester, C. Cremisini, E. Ghiara, and R. Morabito, Comparison of two sequential extraction procedures for metal
fractionation in sediment samples, Anal. Chim. Acta 359(1–2) (1998), pp. 133–142.

[21] D. Pellegrini, A. Ausili, F. Onorati, G. Ciuffa, M. Gabellini, N. Bigongiari, and S. De Ranieri, Characterisation of
harbour and coastal sediments: specific destinations of dredged material, Aquat. Ecosyst. Health 2(4) (1999), pp.
455–464.

[22] ICRAM-APAT, Manuale per la movimentazione dei sedimenti marini, 2006. Available at www.apat.gov.it/
site/_files/manualeSedimentiMarini.pdf.

[23] OSPAR Commission, Revised OSPAR Guidelines for the Management of Dredged Material, Reference Number:
2009/4. Available at www.ospar.org.

[24] A. Katsiri, M. Pantazidou, I. Damikouka, Ch. Kontogiorgi, and A. Tringali, Disposal options for dredged marine
sediments based on physicochemical and toxicological characterization, Global NEST J. 11(4) (2009), pp. 449–456.

[25] U. Förstner, Contaminated Sediments: Lectures on Environmental Aspects of Particle-Associated Chemicals in
Aquatic Systems, Springer-Verlag, Berlin, 1989.

[26] K. Hamer and V. Karius, Brick production with dredged harbour sediments. An industrial-scale experiment, Waste
Manage. 22(5) (2002), pp. 521–530.

[27] J.L. Dalton, K.H. Gardner, T.P. Seager, M.L. Weimer, J.C.M. Spear, and B.J. Magee, Properties of Portland cement
made from contaminated sediments, Resour. Conserv. Recy. 41(3) (2004), pp. 224–241.

[28] T.J. Olin-Estes and M.R. Palermo, Recovery of dredged material for beneficial use:the future role of physical
separation processes, J. Hazard. Mater. 85(1–2) (2001), pp. 39–51.

[29] M.R. Phillips and A.L. Jones, Erosion and tourism infrastructure in the coastal zone: problems, consequences and
management, Tourism Manage. 27(3) (2006), pp. 517–524.

[30] H. Hanson, A. Brampton, M. Capobianco, H.H. Dette, L. Hamm, C. Laustrup, A. Lechuga, and R. Spanhoffh, Beach
nourishment projects, practices, and objectives – a European overview, Coast. Eng. 47(2) (2002), pp. 81–111.

[31] K.F. Nordstrom, Beach nourishment and coastal habitats: research needs to improve compatibility, Restor. Ecol.
13(1) (2005), pp. 215–222.

[32] C. Amore and G. Randazzo, First data on the coastal dynamics and the sedimentary characteristics of the area
influenced by the river Irminio’s hydrographic basin (SE Sicily), Catena 30 (1997), pp. 357–368.

D
ow

nl
oa

de
d 

by
 [

U
ni

v 
Po

lit
ec

 C
at

] 
at

 0
4:

48
 3

1 
D

ec
em

be
r 

20
11

 



118 E. Petrucci et al.

[33] M. Tagliente, G. Randazzo, S. Buonmestiere, G. Biondi, and G. Alessandro, Monitoring of Ragusa coastal area (SE
Sicily), MEDCOAST 2003, Ravenna (IT), 2003.

[34] P. Fusero and F. Simonetti, Il sistema ibleo: interventi e strategie, Ideal Print editori, Modica, Italy, 2005.
[35] Ministry of the Environment, 2004, D.M. 367, 6 Novembre 2003: Regolamento concernente la fissazione di standard

di qualità nell’ambiente acquatico per le sostanze pericolose, ai sensi dell’Art. 3, Comma 4, del D.L.ivo 152, 11
Maggio 1999, Gazzetta Ufficiale 5, 8 Gennaio 2004.

[36] E.R. Long, S.L. MacDonald, S.L. Smith, and F.D. Calder, Incidence of adverse biological effects within ranges of
chemical concentrations in marine and estuarine sediments, Environ. Manage. 19(1) (1995), pp. 81–97.

[37] K. Seiter, C. Hensen, J. Schröter, and M. Zabel, Organic carbon content in surface sediments-defining regional
provinces, Deep-Sea Res I 51(12) (2004), pp. 2001–2026.

[38] L. Ferraro, M. Sprovieri, I. Alberico, F. Lirer, L. Prevedello, and E. Marsella, Benthic foraminifera and heavy metals
distribution: a case study from the Naples Harbour (Tyrrhenian Sea, Southern Italy), Environ. Pollut. 142 (2006),
pp. 274–287.

[39] A.S. Basaham, Distribution and behaviour of some heavy metals in the surface sediments of Al-Arbaeen Lagoon,
Jeddah, Red Sea Coast, JKAU Earth Sci. 10 (1998), pp. 59–71.

[40] A. Buccolieri, G. Buccolieri, N. Cardellicchio,A. Dell’Atti,A. Di Leo andA. Maci, Heavy metals in marine sediments
of Taranto Gulf (Ionian Sea, Southern Italy), Mar. Chem. 99(1–4) (2006), pp. 227–235.

[41] D. Fattorini, C.M. Alonso-Hernandez, M. Diaz-Asencio, A. Munoz-Caravaca, F.G. Pannacciulli, M. Tangherlini,
and F. Regoli, Chemical speciation of arsenic in different marine organisms: importance in monitoring studies, Mar.
Environ. Res. 58(2–5) (2004), pp. 845–850.

[42] J.M. Neff, Ecotoxicology of arsenic in the marine environment, Environ. Toxicol. Chem. 16(5) (1997), pp. 917–927.
[43] S. Mahimairaja, N.S. Bolan, D.C. Adriano, and B. Robinson, Arsenic contamination and its risk management in

complex environmental settings, Adv. Agron. 86 (2005), pp. 1–82.
[44] US EPA, Integrated Risk Information System (IRIS). Available at www.epa.gov/iris/subst/0278.htm.
[45] M. Ruta, M. Pepi, E. Franchi, M. Renzi, M. Volterrani, G. Perra, C. Guerranti, A. Zanini, and S.E. Focardi, Con-

tamination levels and state assessment in the lakes of the Oliveri-Tindari Lagoon (North-Eastern Sicily, Italy),
Chem.Ecol. 25(1) (2009), pp. 27–38.

[46] LEGAMBIENTE-WWF, Lo stato di salute del mare italiano, 2004. Available at www.legambiente.eu/documenti/
2004/0421RapportoSulMare/rapporto_sul_mare_2004.pdf.

[47] K.A. Hudson-Edwards, S.L. Houghton, and A. Osborn, Extraction and analysis of arsenic in soils and sediments,
Trends Anal. Chem. 23(10–11) (2004), pp. 745–752.

[48] D. Shaw, Mobility of arsenic in saturated, laboratory test sediments under varying pH conditions, Eng. Geol. 85(1–2)
(2006), pp. 158–164.

[49] W. Reczynski, G. Posmyk, and K. Nowak, Dynamics of arsenic-containing compounds’ sorption on sediments, J
Soil Sediment. 4(2) (2004), pp. 95–100.

[50] T.H. Hoang, S. Bang, K.W. Kim, M.H. Nguyen, and D.M. Dang, Arsenic in groundwater and sediment in the Mekong
River delta, Vietnam, Environ. Pollut. 158(8) (2010), pp. 2648–2658.

[51] R.R. Rodriguez, N.T. Basta, S.W. Casteel, F.P. Armstrong, and D.C. Ward, Chemical extraction methods to assess
bioavailable arsenic in soil and solid media, J. Environ. Qual. 32 (2003), pp. 876–884.

D
ow

nl
oa

de
d 

by
 [

U
ni

v 
Po

lit
ec

 C
at

] 
at

 0
4:

48
 3

1 
D

ec
em

be
r 

20
11

 


