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Abstract

The Palo Laziale wood represents one of the few remaining examples of Mediterranean wetland and it was identified as a Site of
Comimunity Iimportance (SCI) according to the Eurapean Commission Habirars Direcrive (92/43/EEC).

This paper reports levels of trace elemenrs in werland waters and possible visk for plants. Eight water points were sampled from

private wells and analysed o investigate the distribution and envichment of beavy metals in groundhearer. In particular, Mn, Fe

Ni, Cu, Zn, As and Pb were analysed during four sampling evenrs (from October 2010 to July 2011).

The results obtained show similar temporal variation of elenents. Mn, Cu, Zn and As show major values during Decernber, while

Fe present major value during  March. Pb concentrarion shows a peak during March, probably due a failure in warer pipes.
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Introduction

Wetland ecosystems are considered to be transitional
areas between aquatic and terrestrial ecosystems [1]. The
hydrology of a wetland is largely responsible for the
vegetation of the wetland, which in turn affects the value
of the wetland to animals and people. The duration and
seasonality of flooding and [or] soil saturation, ground-
water level, soil type, and drainage characteristics exert a
strong influence on the number, type, and distribution of
plants and plant communities in wetland. Because
wetland often occurs in discrete patches within a matrix
of upland habitat, many species of wetland-dependant
organisms live in multiple populations that occasionally
exchange individuals through migration, that is, in
metapopulations [2, 3]. Local populations of wetland
species often are small and isolated and thus vulnerable to
extinction caused by change demographic event, disease,
inbreeding [4, 5] or natural events, such as changing
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water levels, succession of wetland vegetation and habitat
destruction [6, 7].

The Palo Laziale wood represents one of the few
remaining examples of Mediterranean wetland and it is
supported by a water table located near the surface and
characterised by natural pond. This area is a good
example of a coastal wetland system in central Italy. In
June 1995, it was identified as a Site of Community
Importance  (SCI) according to the European
Commission Habitats Directive (92/43/EEC). The
motivation for this choice was the recognition of the
good conservation status of the area as a representative of
European community priority habitat category “3170*
— Mediterranean temporary ponds” together with its
importance for migratory birds and the rich fauna of
arthropods and  vertebrates characteristic of the
hygrophilous wood [8]. The artificial withdrawal of water
to irrigate the fields near the Palo Laziale wetland has
changed the geochemical conditions of the aquifer




associated with the wetland the first evidence of stress on
the area's tree species was detected at the end of 1995 [8].

The trees showing these effects belonged primarily to
the genus Quercus. Visible signs of increasing tree
mortality became evident during the following years.
This process has continued until the present and has
caused the complete collapse of the forest habitat, with
the deaths of more than 4000 individual trees. The low
specificity of these symptoms, together with the many
single causal factors proposed to explain the decline of
ecosystem in various parts of Europe [9, 10, 11, 12, 13],
suggest that oak decline can be attributed to several
different site-specific factors and/or that the decline may
involve a succession of several abiotic and biotic factors
[14, 15]. Also wetlands are recognized to be important
sinks as filters, retaining heavy metals that can have toxic
effects on biota. Heavy metals are natural elements that
are found at various high background levels at different
places throughout the world, due to various
concentrations in the bedrock. Generally, they are
persistent and cannot be deleted from the environment.
Thus, a problem arises when their availability is high due
to high background levels or human activity. The aim of
this paper is to investigate the distribution and
enrichment of trace metals in groundwater.

Study area

The study area is located in the town of Ladispoli,
approximately 50 km north of Rome, in central Italy on
the south-eastern coast of the Tyrrhenian Sea (Fig. 1).
The climate is Mediterranean, with cool, wet winters and
warm to hot, dry summers. The average annual rainfall is
733 mm. This rainfall occurs primarily during the winter.
The present lithology of the area consists of alternating
alluvial and deltaic sediments and it is represented by [8]:
1. Sandy shore
2. Current and recent flood sediments: peaty clays and
black marshlands;

3. Conglomerates of Palidoro: conglomerates with large
constituent grains;

4. Conglomerates of Fosso Vaccina: pudding stones and
polygenic pebbles, with large and medium-sized
elements, free of volcanic pebbles.

The Pliocene and Quaternary deposits of the area rest
on a sediment substrate consisting of pelites [blue clays,
marly clays and blue-grey marl]. This substrate is crucial
in hydrological terms because it forms the impermeable
base that supports the regional aquifer. It is located in
volcanic deposits and in marine and continental
sediments [16]. Groundwater occurs at an average depth
of 2 m below the surface. The flow system is controlled
by the topography. The dominant flow occurs from the
higher topographic area in the northeast towards the area
of lower topography in the southwest [16]. Variations in
the hydraulic gradient are related to the spatial
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characteristics of the aquifer and the presence of wells.
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Figure 1: Study area and water points localization.

Sampling and analytical techniques

The geochemistry and the evolution of the aquifer of
the Palo Laziale wetland system was investigated by
sampling from private wells used for agricultural water
supply in the area (Figure 1) with a total of 8 water
points. Samples ¢8 and c12 are located outside the Palo
wood, while others samples are located inside it. The
sampling was performed from October 2010 through
July 2011. All samples were collected in laboratory
certified clean bottles and labelled as to the well depth
and location, date and time of sample collection, analyses
to be performed, and field preservation performed, if any
[17]. Concentrations of minor and trace elements were
measured using an ICP-MS (X Series 2 Thermo Fisher
Scientific)  following filtration (0.45 pm) and
acidification in the field (HNOj; 1:1). The analyses were
performed at the Geochemical Laboratory of Sapienza,
University of Rome (Italy). The analytical accuracy of
these methods ranged from 2% to 5%. An internal
standard, Rh, was wused to correct the ICP-MS
instrumental drift. Ultrapure water (Millipore, Milli-Q,
16 MQ cm) was used in preparing blanks, standard
solutions, and sample dilutions.

Results and Discussions

Minor elements for groundwater samples of study area
were reported in Table 1.
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Tablel: Elements concentrations in groundwater analysed during 4 sampling events. The values are expressed in pg/L
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It shows elements concentrations for each sampling
event and minimum, maximum and mean values of total
measures. Particularly, Mn, Fe, Ni, Cu, Zn, As and Pb
were analysed during four sampling events (from October
2010 to July 2011). Figure 2 shows the wetland time-
series results for the trace elements determined in the
water samples.

Concentrations in pg/L

October 2010 December 2010 March 2011 July 2011
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The figures group of these elements into sets showing
similar temporal behaviour.
Mn values range between 0.20 and 409 pg/L, while Fe
concentrations range from 2.0 to 192 pg/L.
These elements show a large seasonal variation (Figure

2):

October 2010 December 2010 March 2011 Julv 2011
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Figure 2: Temporal variation of trace elements analysed.

Mn mean values presents a peak in December while Fe
shows the highest mean value in March respectively in
sample ¢7 and cl2. Both elements show lower
concentrations during October and July.

Manganese (Mn) is an essential micronutrient in most
plants. Its deficit is dangerous for chloroplasts because it
affects the water-splitting system of photosystem II
(PSII), which provides the necessary electrons for
photosynthesis [18]. However, its excess seems also to be
particularly damaging to the photosynthetic apparatus
[19]. Excessive Mn concentrations in plant tissues can
alter various processes, such as

enzyme activity,

absorption, translocation and utilization of other mineral
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elements (Ca, Mg, Fe and P), causing oxidative stress [20,
21]. The threshold of Mn injury as well as the tolerance
to an excess of this metal is highly dependent on the
plant species and cultivars or genotypes within a species
[22,23].

Iron concentrations are generally small in water. The
chemical behaviour of iron and its solubility in water
depend strongly on the oxidation intensity in the system
in which it occurs. Also, it is an essential element in the
metabolism of animals and plants. In particular, there is
some evidence that high iron concentrations may
influence the growth and distribution of various wetland
plant taxa [24, 25].



For this reason, iron determinations are commonly

included in chemical analyses of water.
Manganese is not an essential constituent of any of the
more common silicate rock minerals, but it can substitute
for iron, magnesium, or calcium in silicate structures.
The chemistry of manganese is somewhat like that of iron
in that both mertals participate in redox processes in
weathering environments [26]. Both elements can derive
by litologhy of study area, particularly by clay that form
the substrate and the peak concentrations measured in
winter, especially for Mn which reaches a value of 409
pg/L, could be attributed to the corrosion of pump parts.

Cu and Zn also present the same trend of Mn, with a
peak concentration during December (Figure 2). Cu
concentrations range between 0.23 to 154 pg/L, while
Zn values were between 1.13 and 43.4 pg/L. Copper may
occur in solution in either Cu?* or Cu* oxidation states,
but the redox conditions in oxygenated water and the
tendency of Cu* ions to disproportionate favor the more
oxidized for [26]. Copper salts are sometimes purposely
added in small amounts to water-supply reservoirs to
suppress the growth of algae. Organic and inorganic
compounds of copper have been used extensively in
agricultural pesticide sprays. This heavy metal is an
indispensable component of oxidative enzymes or of
particular structural components of cells. However,
overdosed copper has a strong toxic effect on plant. In
sensitive forms of higher plants, excess Cu causes various
effects depending strongly, among other things, on the
plant growth stage at which the metal was applied and on
the time of its action.

Excess Cu applied at the initial growth stage strongly

inhibits leaf expansion and increases content of pigments
calculated per leaf area unit [27, 28] rocks as copper and
is thus fairly common.
Zinc has only one significant oxidation state, Zn*, and
tends to be substantially more soluble in most types of
natural water than are the other two metals [26]. Like
Cu, Zn is an essential metal to higher plants and is
involved in several important metabolic processes. It
activates enzymes or is incorporated into metallo-enzymes
in the electron transport system. Further, Zn plays an
important role in the protein synthesis, as in the
carbohydrate, nucleic acid and lipid metabolism. As Zn
forms stable complexes with DNA and RNA it might
also affect DNA and RNA stability [29]. A deficiency of
Zn in plants may cause significant changes in the plant
metabolism, resulting in growth retardation, stunted
growth and chlorosis.

Ni and As present same trend during October and
December (see Figure 2) with mean values about 2 and 4
pg/L. In March, Ni concentration undergoes a slight
reduction, but increased again in July, while As decrease
from December to July. According to Latimer (1952)
[30] the aqueous chemistry of nickel is primarily
concerned with the Ni** oxidation state. Solid species for
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which thermodynamic data are given by Latimer include
the Ni* oxide NiO; and the hydroxide species Ni(OH)s.

Ni is an essential element for plants, but it is toxic if
present in high concentration. Plant tolerance to nickel
(Ni) toxicity depends on plant differences for uptake and
distribution within tissues; Ni toxicity gives rise to
chlorosis of the leaves in many species. Leaves showing
Ni-induced chlorosis are found to contain sub-optimal
levels of Fe (31, 32); in some cases Ni-induced chlorosis
may be alleviated by foliar applications of FeS04 [32],
suggesting an effect of Ni on the translocation of Fe [33,
34].

Because small amounts of arsenic can be toxic to
humans, this element is considered a highly undesirable
impurity in water. The stable forms of arsenic in solution
in water are arsenate (AsV) and arsenite (AsIII)
oxyanions. Arsenic has been used as a component of
pesticides and may thus enter streams or groundwater
through waste disposal or agricultural drainage. An
important factor in the natural circulation of arsenic,
however, is the volatility of the element and some of its
compounds [26]. Arsenic can be potentially toxic also to
low concentrations. It may form metal arsenides in which
its oxidation state is negative. Arsenic may also form
sulfides and can be present as an accessory element in
sulfide ore deposits.

Pb is not known to be essential for the growth of
plants, but the most confusing aspect of Pb toxicology is
the lack of any consistent relationship between amounts
of Pb in the soil and the extent of the toxicity. Lead gives
rise to a wide range of toxicity symptoms in plants such
as root elongation is inhibited. Anyway, Pb concentration
in our samples ranged between 0.20 to 305 pg/L. The
highest value was measured during March 2011 in
samples c12, located outside of the study area. Possible
anthropogenic sources of lead in groundwater are water
pipes [35]. Pb concentration is high only in sample c12
and only during March, therefore it could be due a
locally problem in water pipes. The Latin word for lead,
“plumbum,” is preserved in the English terms relating to
water conveyance (“plumbing,” etc.) and suggest the long
history of the use of lead for water pipes. The principal
dissolved inorganic forms of lead are the free ion Pb*,
hydroxide complexes, and, probably, the carbonate and
sulfate ion pairs. The importance of organic complexes is
uncertain, but they may constitute a significant part of
the dissolved lead in some waters.

Conclusions

This paper shows levels of some trace elements in
wetland waters of Palo Laziale wood and it considered
possible risk for plants. The Palo Laziale wood represents
one of the few remaining examples of Mediterranean
wetland and it is supported by a water table located
nearthe surface and characterised by natural pond. This



area is a good example of a coastal wetland system in
central Italy. In June 1995, it was identified as a Site of
Community Importance (SCI) according to the
European Commission Habitats Directive (92/43/EEC).

Were investigated concentrations of some elements as:
Mn, Fe, Ni, Cu, Zn, As and Pb and were considered the
temporal behaviour and their effects on the plants. Mn,
Ni, Cu, Zn and As show higher values during December,
while Fe reaches major concentration during March.
However, none of these values suggest contamination
phenomenon and risks for plants. Pb values show a peak
concentration during March in a sample located outside
the Palo wood. Probably this value is due a failure in
water pipes.

The hydrology of a wetland is largely responsible for
the vegetation, which in turn affects the value of the
wetland to animals and people, therefore the monitoring
of groundwater chemistry, particularly of trace elements,
is very important.
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