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H I G H L I G H T S

• Capacity of trace element accumulation
is independent of plant life forms.

• Translocation from sediment to roots is
mainly species- and element-specific.

• Translocation across internal tissues is
mainly species-specific.

• Wetland plants are potentially suitable
for the phytostabilization of trace
elements.
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This study aimed to shed further light on the capacity of macrophytes to translocate, accumulate and bioindicate
the levels of trace elements present in contaminated water and sediments. Specifically, this study aimed to find
evidence whether translocation, accumulation and bioindication are dependent on the kind of trace element and
plant species. To investigate the correlation between trace elements in plants and in the environment, the con-
centrations of As, Cd, Cr, Cu, Hg, Mn, Ni, Pb, and Zn were analyzed in twenty different wetland plants, and in
water and sediments from a wetland area affected by urban and industrial pollutants. Results showed that wet-
land plants share some common characteristics such as high tolerance to toxic element levels, capacity of
phytostabilization and different element concentrations in the various organs. Moreover, element translocation
from sediments to roots seemsmore influenced by the kind of plant species and trace element, whereas translo-
cation across the various organs seems mainly species-specific. No clear patterns of trace element translocation
were identified according to plant life forms.

© 2018 Elsevier B.V. All rights reserved.
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1. Introduction

Plant species play an important function in wetland geochemistry
because they are the main living collectors and transporters of trace

elements through active and passive absorption (Bose et al., 2008;
Vodyanitskii and Shoba, 2015). Wetland plants can accumulate high
levels of trace elements from water and sediments thanks to their
well-developed root system, tolerance to toxicity, highly productive
biomass, and stationary nature (Milošković et al., 2013; Rezania et al.,
2016). In particular, wetlands are vulnerable to trace element inputs,
and the impact of element pollution is of great concern for the
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ecosystem services affected (Mitsch and Gosselink, 2007; Bonanno,
2014; Bonanno and Vymazal, 2017). The consequences of high levels
of trace elements in wetlands are also difficult to investigate for the
complex behavior and interactions of such elements in aquatic ecosys-
tems (Verhoeven et al., 2006). Trace elementsmay affect the fragile eco-
logical stability of wetlands, whose fundamental role in nutrient cycling
and pollution control is widely recognized (Everard, 2017). Investigat-
ing the relationship between trace elements in water/sediments and
plant species is thus of the utmost importance to shed more light on
those processes of element translocation at the interface of plant organ-
isms and abiotic components.

Chemical contamination of water and soil resources is an ever-
increasing issue in most ecosystems around the world (Szyczewski
et al., 2009; Charlesworth et al., 2011; Bonanno and Orlando-Bonaca,
2018). Trace element contamination can be due to both natural geo-
chemical processes (e.g., weathering of ultramafic rocks), and human
activities (e.g., mining, smelting, combustion of fossil fuels, utilization
of fertilizers and pesticides, etc.) (Kabata-Pendias and Mukherjee,
2007; Dhote and Dixit, 2009; Bonanno and Pavone, 2015). Because of
their accumulative and non-biodegradable nature, trace elements are
potentially hazardous to natural ecosystems, and thus to all living or-
ganisms (Tchounwou et al., 2012). High levels of trace elementsmay in-
hibit life processes, and are particularly dangerous in aquatic
ecosystems where, once accumulated in sediments, they begin to
move up the food web, and biomagnify at higher trophic levels, ulti-
mately determining several chronic disorders in humans and animals
(Gall et al., 2015). Some elements, however, act as important
micronutrients for plants (e.g. Cu, Mn, Zn), even though such elements
may have also toxic effects at higher concentrations (Babula et al., 2008;
Kabata-Pendias, 2011). In turn, other elements (e.g., As, Cd, Cr, Hg, and
Pb), have no known biological roles and can prove highly toxic to organ-
isms even at low concentrations (Nagajyoti et al., 2010).

This study aimed to shed further light on the capacity of wetland
plants to translocate, accumulate and bioindicate trace elements in
water and sediments under toxic conditions in the field. To investigate
the relationship between trace elements in plants and surrounding en-
vironment, the concentrations of As, Cd, Cr, Cu, Hg, Mn, Ni, Pb, and Zn
were analyzed in twenty different plant species growing in a wetland
area affected by urban and industrial polluting inputs. These elements
include fundamentalmicronutrients (e.g. Cu, Zn) and toxic elements ac-
cording to the Italian Decree 260/2010. To date, relatively few studies
have investigated the translocation processes of trace elements in
large plant communities (e.g. Teuchies et al., 2013). The capacity of ele-
ment uptake varies indeed amongplants (Bothe and Słomka, 2017), and
conducting a comparative analysis among several different species can
contribute to better understand the dynamics of trace elementmobility
in wetland ecosystems. This study, in particular, aimed to identify com-
mon patterns of trace element translocation, but also to find further ev-
idence that translocation and bioindication of trace elements aremainly
species- and element-specific processes. This study aimed also to cor-
roborate previous findings on the capacity of wetland plants to tolerate
highly toxic levels of trace elements, and to phytoremediate contami-
nated sites.

2. Materials and methods

2.1. Study area

The study area was a coastal wetland (c. 50 ha) located on the out-
skirts of the town of Catania (Italy), (Fig. 1; 37°29′17.01′′N; 15°05′
16.25′′E). Catania has a total population of 315,000 inhabitants, which
reach 800,000 people with the whole metropolitan area. Specifically,
the study area is the estuary of a 6-km watercourse that marks the
southern border of the town, andwas channelized to collect themunic-
ipal wastewaters from Catania. However, the quality of the water and
related sediments is significantly affected by untreated discharges of

domestic and industrial origins, which make this area highly contami-
nated. Other polluting sources included road run-off and illegal waste
dumping. The annual flow range is 0.50–2.0m3/s, whereas annual rain-
fall and temperature are 600mmand 18.0 °C, respectively. Thiswetland
is subjected to continuous polluting inputs, and is characterized by lux-
uriant aquatic and semi-aquatic vegetation. The control area was se-
lected within a nature reserve located 15 km south of the study area
(37°24′00.81′′N; 15°05′23.34′′E). The levels of trace elements detected
in plants from the control area (data not shown) were compared with
the levels of concentrations analyzed in the study area (see Table 8, let-
ter “K”). The control area hosted the same plant communities found in
the study area.

2.2. Sampling

A total of 20 different plant species was collected in the study area,
according to different life forms (Table 1). This implied the collection
of species with different ecology (e.g. semiaquatic vs permanently sub-
merged), biomass size, morphology and root systems (rhizomatous vs
free-floating). The rate of uptake and accumulation is age-dependent
in plant species (Kabata-Pendias, 2011). Specifically, with plant aging,
sensitivity to trace elements increases but is more related to the
functioning of photosynthetic tissues than to growth parameters
(Skórzyńska-Polit and Baszyński, 1997). We sampled only mature
plant individuals to neglect possible differences, due to age, in uptake
and accumulation of trace elements among the different studied spe-
cies. To reduce the potential action of environmental factors that may
influence the uptake of trace elements, we also selected sampling
plots with homogeneous environmental conditions (e.g. no recent
rains or floods, sampling on sunny and not windy days, absence of
waste). Collection of water, sediment and plant samples followed the
general protocols reported in Bonanno and Cirelli (2017). Sampling
was conducted in two months, April and October, and in two years,
2015 and 2016. Five sampling plots per each different species were ran-
domly selectedwithin an area of 1000m×500m. The average sampling
plot was a quadrate of 2 m × 2m, and contained at least 10 different in-
dividuals of the same species to be collected. In each sampling plot, four
mature plant individuals of a given species, four samples of sediments
and four of water (1.0 L each) were collected. The plant individuals of
all species were delicately and wholly uprooted with stainless steel
tools, cleaned with linen cloths to remove extraneous materials (e.g.
gross groundparticles), and put in sterilized plastic bags. Sediment sam-
ples were collected from the top 30 cm of the upper layer through a
Plexiglas corer (internal diameter 10 cm), and put in 1.0-L polyethylene
bottles. Water samples were collected within a radius of 0.25–0.50 m
from each collected plant individual, through 1.0-L sterilized glass bot-
tles, and at a variable depth of 0.20–0.50 m from the bottom to the
water surface. In total, we collected 400 different samples (observa-
tions) per each study month and year. All collected samples were gath-
ered in PVC containers and kept at 3 ± 1 °C until laboratory analysis.
Although the levels of some toxic elements were higher than the legal
limits, no collected plant specimen showed symptoms of toxicity (e.g.
impaired growth).

2.3. Chemical analysis

This study analyzed the concentrations of the trace elements As, Cd,
Cr, Cu, Hg, Mn, Ni, Pb and Zn inwater, sediments and plant organs of the
studied species. Chemical analyses followed the procedures as reported
in Bonanno and Cirelli (2017). Once in the laboratory, plant samples
were first washed in running tap water to remove surface contamina-
tion, and then rinsed with bidistilledwater to remove any further resid-
ualmaterial on the surface. After that, plant sampleswere dissected into
roots, stems and leaves, and put in a refrigerator at 4 °C until chemical
processing. In case of rhizomatous species, roots and rhizomes were
treated together, and called “roots”. The weight of each dissected
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