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Abstract Honeybees have become important tools for the eco-
toxicological assessment of soil, water and air metal contami-
nation due to their extraordinary capacity to bioaccumulate tox-
ic metals from the environment. The level of heavy metal pol-
lution in the Trieste city was monitored using foraging bees of
Apis mellifera ligustica from hives owned by beekeepers in two
sites strategically located in the suburban industrial area and
urban ones chosen as control. The metal concentration in for-
aging bees was determined by inductively coupled plasma-
mass spectrometry. The chemical analysis has identified and
quantified 11 trace elements accumulated in two different rank
orders: Zn>Cu>Sr>Bi>Ni>Cr>Pb=Co>V>Cd>Asin
foraging bees from the suburban site and Zn > Cu > Sr > Cr >
Ni>Bi>Co =V >Pb> As> Cd in bees from urban site. Data
revealed concentrations of Cr and Cu significantly higher and
concentration of Cd significantly lower in bees from urban
sites. The spatial difference and magnitude order in heavy metal
accumulation along the urban-suburban gradient are mainly
related to the different anthropogenic activity within sampled
sites and represent a risk for the human health of people living
in the city. We discussed and compared results with the range of
values reported in literature.
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Introduction

A number of anthropogenic activities, including farming and
urbanization, have a significant impact on the environment
and can produce an irreversible damage at different biological
levels. Data on the effects of exposure to metal pollution have
shown that biological responses of the organism depend on
the pollutant concentration and its physical and chemical
properties (Dallinger 1994; Holmstrup et al. 2010).
Moreover, the tolerance, adaptation or sublethal responses to
pollution are closely related to the trophic level of the species
(Gall et al. 2015), its physiological properties (metal uptake,
elimination and immobilization ability) and its life stages
(Morgan et al. 2007; Vijver et al. 2004).

Actually, primary and secondary consumers and decom-
posers such as nematodes, mites, collembolans, earthworms,
isopods, insects and molluscs are well known as potential
biological indicators in soil and water pollution (Rosenberg
1986; Cortet et al. 1999; Heikens et al. 2001). However, there
is an increasing recognition of pollinators as useful biological
indicators of both bioaccumulation and toxicant effects for
detecting and monitoring environmental metal pollution
(Leita et al. 1996; Kevan 1999; Celli and Maccagnani 2003).
Honeybees are exposed through an indirect or direct route to a
great variety of potentially toxic chemicals of both natural and
synthetic origin due to their foraging behaviour to collect nec-
tar, pollen, water and propolis (Jones 1987; Devillers and
Pham-Delegue 2002; Zhelyazkova 2012; Johnson 2015). As
a result, the level of metal accumulated in bees and their prod-
ucts can indicate the cumulative level of air, water and soil
contamination over bees’ forage area (Rashed et al. 2009;
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Badiou-Bénéteau et al. 2013; Van der Steen et al. 2012, 2015;
Barganska et al. 2016; Van der Steen 2016). Anthropogenic
sources such as industrial plant emissions, non-ferrous metal,
iron and steel production, civil heating system, waste disposal
and incineration, vehicular traffic, fuel combustion and their
additive, coal combustion are the main source of heavy metal
exposure and accumulation in living organism. The accumu-
lation is hazardous to both whole-colony health affecting crit-
ically on pollination service (Hladun et al. 2016) and human
and ecosystem health (Brunekreef and Holgate 2002; Pacyna
et al. 2007; Lambert et al. 2012; Ruschioni et al. 2013).

This study focused on the environmental metal contam-
ination of Trieste city. Trieste is a border city located in
north-east of Italy, and it is characterized by a major port
and an industrial area. Main sources of air pollution in this
city are an iron foundry and an incinerator located in the
suburban industrial area in addition to domestic heating
and emission from moving sources. Generally, working
in or living near an industrial area increases one’s risk of
exposure to heavy metals by ingestion (drinking or eating)
or inhalation (breathing). The bioaccumulation in the hu-
man body, via acute and chronic exposition, affects a num-
ber of different systems and organs resulting in irritation
and respiratory infections, lung cancer, heart disease and
oxidative stress (Duruibe et al. 2007; Kampa and Castanas
2008; Jaishankar et al. 2014). Actually, previous epidemi-
ological studies have been shown to have a close relation
between the risk of lung cancer in the population and the
distance from the industrial site in Trieste as source of
environmental pollution (Biggeri et al. 1996; Bidoli et al.
2015). The Regional Agency for Environmental Protection
of Friuli Venezia Giulia actively monitors the air of Trieste
city (www.arpaweb.fvg.it) to respect pollution limits
established by European authorities (Directive 2008/50
/EC). However, monitoring stations provide air pollution
data for total particulate deposition levels (PM;), sulphur
and nitrogen oxide and carbon monoxide and only for
fixed points. The heavy metal bioaccumulation has been
assessed using bioindicators as lichens (Nimis et al. 1999)
and mosses (Miani et al. 2007) in high-risk areas of the
Friuli-Venezia Giulia region. The metals recorded in moss,
including Al, As, Cd, Cr, Cu, Hg, Fe, Mn, Ni, Pb, V and
Zn, indicated a metal fallout gradient of air pollutant
through the atmosphere (Miani et al. 2007). Lacking recent
information on heavy metal bioaccumulation in living or-
ganisms, we have chosen in our current study two sites
along the gradient reported in Miani et al. (2007), to deter-
minate bioaccumulation in bees as bioindicators of city
metal pollution. The suburban site was located in the area
of major metal fallout and the control site in the minor ones
in the city.

The aims of this paper was to test the metal accumulation in
tissues of foraging bees along an urban-suburban gradient in
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the city of Trieste to provide qualitative and quantitative in-
formation to estimate metal contaminants in relation to the
distance from the industrial site.

Material and methods
Animals and study sites

The samples of Apis mellifera ligustica were collected in
June 2013 owing to the high foraging activity of bees.
Moreover, we choose this sampling period because the low
rain and wind season limits atmospheric purification and fa-
vours the accumulation of airborne particles. Foraging bees
were collected from wooden hives with ten frames owned by
beekeepers in two sites (urban and suburban sites, Fig. 1) of
Trieste city (Friuli Venezia Giulia, Italy). One site was located
close to the industrial area (Domio, locality Lacotisce, subur-
ban site: 45° 36" 42.6000” N, 13° 49" 56.1840" E, S0 m a.s.1;
Fig. 1). The area has industrial activities with an incinerator
and an iron foundry factory, 3.81 km away from the suburban
site. Vegetable gardens with fruit trees are the main food
source for honeybees in this area. The second group of apiar-
ies, chosen as control, were located 6.07 km south-west of the
urban site in a city garden (Parco di San Giovanni, urban site:
45°39"43.9720" N, 13°48'15.0120"” E, 200 m a.s.1; Fig. 1),
5.22 km away from the iron foundry factory. A rose garden
and different trees, i.e., chestnuts, hackberry, oaks, poplars and
Japanese pagoda tree, characterize the area surrounding apiar-
ies. We captured bees coming back from the field whilst
alighting boards of hive. They were collected from one hive
for each site in sterile, plastic containers. The collection was
performed randomly to reduce the difference in metal content
owing to the difference in foraging bee age. The samples were
transported in a cooler box and frozen at —18 £+ 1 °C until
chemical analysis.

Metal analyses

Metal concentrations in animals were measured by inductive-
ly coupled plasma-mass spectrometry (ICP-MS) using an
ELAN DRC-e ICP-MS instrument (PerkinElmer Sciex,
Canada). Samples were introduced by means of a
PerkinElmer AS-93 plus autosampler and a cross-flow nebu-
lizer with a Scott type spray chamber. For the quantitative
analysis, calibration curves were built on seven different con-
centrations in a calibration range of 0.2-1000 pg/L and having
a composition similar to that of sample solutions. Standard
solutions were prepared by diluting a multielement solution
of As, Bi, Cd, Co, Cr, Cu, Ni, Pb, Sr, Vand Zn (100 mg/L,
Merck) and a single element solution of Hg (100 mg/L,
Merck). Recovery tests were performed using three spike so-
lutions: one near the lower value, one near the centre and one
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Fig. 1 Map of Trieste city shows the study area. URB urban site; SUB suburban site

near the upper boundary of the standard curves. Three repli-
cates of each solution were analysed. Satisfactory results were
achieved in terms of CV% (<5 %) and accuracy (within +/—
20 %). Moreover, a mid-range calibration standard was mea-
sured at the end of each analytical run, for quality control
purposes, i.e. to assess instrumental drift throughout the run.
The sample preparation was carried out using the following
system for microwave digestion: Anton Paar Multiwave 3000
with programmable power control and rotor XF100 (operating
pressure up to 120 bar maximum; operating temperature
260 °C maximum; construction material PTFE-TFM for the
vessel). All specimens (rn = 20 from each site) were dried at
105 °C (dry weight 0.0531 +0.0031 g for bees from urban site
and 0.0715 £+ 0.0047 g for bees from the suburban site), and
each animal was directly weighed in the liner of the micro-
wave system. The digestion was performed by adding 3 mL of

HNOs, 3 mL of H,O, and 1 mL of H,O to each sample and by
setting the microwave digestion system at 720 W for 20 min.
After digestion, the extracts were quantitatively transferred
into a graduated polypropylene test tube, and the volume
was adjusted to 50 mL with ultrapure water.

Statistical analyses

Differences in metal concentrations between foraging bees
from urban and suburban sites were assessed by non-
parametric statistics, i.e. Kruskal-Wallis rank-sum test follow-
ed by post hoc Wilcoxon rank-sum test pairwise comparisons
with Bonferroni correction, since the null hypothesis of the
Bartlett test could not be rejected. The box and whisker plots
were drawn with the boxplot command. All values are
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reported as mean = SE in the text and metal concentrations
expressed as micrograms per gram of dry weight.

Statistical analyses were performed using R version 3.0.1
software (R Development Core Team 2013).

Results

Chemical analysis

The analysis of foraging honeybees from sampling sites
has identified and quantified 11 trace element contents:
As, Bi, Cd, Co, Cr, Cu, Ni, Pb, Sr, V and Zn (Fig. 2).
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Fig. 2 Heavy metal content in Apis mellifera ligustica foraging bees
(ug g 'dry weight, n = 20 from each site, URB urban and SUB
suburban sites; for statistics, see the text). The boxplot represents the
interquartile range (IQR = Q3 — Q1) and bars represent first (Q1, fop)
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The ranges of the concentrations of these metals as found
in our study were as follows: (a) urban sites As,
0.027 £ 0.053; Bi, 0.416 £ 0.054; Cd, 0.024 = 0.002; Co,
0.135 £ 0.012; Cr, 0.465 + 0.041; Cu, 17.93 + 0.98; Ni,
0.425 + 0.032; Pb, 0.113 + 0.014 Sr, 1.90 = 0.23; V,
0.13 £ 0.05 and Zn, 58.11 £+ 4.61; (b) suburban site As,
0.050 £ 0.018; Bi, 0.46 + 0.062; Cd, 0.052 £+ 0.006; Co,
0.125 £ 0.009; Cr, 0.261 + 0.016; Cu, 12.82 + 0.92; Ni,
0.358 + 0.037; Pb, 0.127 £ 0.017; Sr, 1.47 £ 0.175; V,
0.06 £ 0.016 and Zn, 45.92 + 3.64. Recorded elements
were accumulated in two different rank orders Zn > Cu >
Sr> Bi>Ni>Cr>Pb=Co>V >Cd> As in foraging
bees from the suburban site and Zn > Cu > Sr > Cr > Ni >
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and third quartiles (Q3, bottom) of heavy metal content. The central
horizontal black line indicates the median. The ends of dashed lines
(ends of the whiskers) represent the lowest datum and the highest datum
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Bi> Co =V >Pb> As > Cd in bees from urban site. The
most abundant elements were Zn, Cu, Sr, Ni, Cr and Bi in
all samples from both sites. The highest relative concentra-
tion of Zn, Cu, Sr, Ni and Cr was recorded in foraging bees
from the urban site. Significantly higher values were re-
corded in concentrations of Cr and Cu in bees from urban
site than in those from the suburban site (Wilcoxon rank-
sum test p = 2.104 x 10~* for Cr and p = 2.58 x 10" * for
Cu), whilst the concentration of Cd (Wilcoxon rank-sum
test p = 9.229 x 10°) was lower in bees from the urban site
than in suburban ones. Differences were not significant in
concentration of As (Wilcoxon rank-sum test p = 0.9353),
Bi (Wilcoxon rank-sum test p = 0.5338), Co (Wilcoxon
rank-sum test p = 0.5427), Ni (Wilcoxon rank-sum test
p = 0.1441), Pb (Wilcoxon rank-sum test p = 0.5337), Sr
(Wilcoxon rank-sum test p = 0.0965) and V (Wilcoxon
rank-sum test p = 0.6358). A possible trend towards sig-
nificance was recorded for Zn (Wilcoxon rank-sum test
p = 0.0524) with higher concentration in samples from
the urban site.

Discussion

In this study, we recorded 11 trace metals in the animal’s body
that reflect qualitatively pollution levels of monitored sites in
the city of Trieste. The spatial difference in heavy metal con-
centration as well as the magnitude order is mainly related to
the different anthropogenic activity within the sampled site.
The highest concentration of Cr and Cu in honeybees from the
urban site shows that metal pollution of the city centre may be
mainly correlated with traffic and domestic heating, whilst the
highest concentration of Cd shows that industrial emissions
may be the major source of this metal in the suburban area.
Furthermore, as the atmospheric deposition is the principal
source of accumulated heavy metals in the foraging bees’
body, we did not expect the recorded levels of As, Bi, Co,
Ni, Pb, Sr, V and Zn to be qualitatively and quantitatively
the same between samples from the urban and suburban sites.
It is known that some tree species, planted such as single tree
in urban areas or “edge” trees, can have a significant impact
on the reduction of PM; air concentration acting positively
on air quality and human health (McDonald et al. 2007;
Cavanagh et al. 2009). However, wooded sites may cause
higher concentrations of metals than expected given the dis-
tance of the pollution source due to local advection and en-
hanced turbulent exchange, presence of honeydew, particulate
concentration in the air, temperature and wind speed
(Cavanagh et al. 2009). Thus, we assume that the unexpect-
edly highest relative concentration of heavy metals recorded
in the control urban site was closely related to the relative
position of apiaries at the garden edge. Moreover, the city
garden is located below a hill that acts as a barrier and favours

the accumulation in the bottom of elements transferred by the
wind.

Long-term exposure to some elements recorded in this
analysis such as As, Cd, Cr and Pb are well known to have
an effect on human health (Jarup 2003; Jaishankar et al. 2014).
The metal uptake and accumulation in honeybees depend
mainly in plant flower contamination (Porrini et al. 2002;
Rashed et al. 2009; Hladun et al. 2016) and are correlated with
the metal presence in the pollen matrix and nectar foraged by
bees (Lambert et al. 2012; Barganska et al. 2016). Thus, high
levels of heavy metal bioaccumulated in bees from both sites
suggest a high exposure risk for people living in the city.
Therefore, epidemiological studies on exposure risk to air pol-
lution should take into account also the heavy metal concen-
trations in the environment, besides the concentration of par-
ticulate deposition (PM ) and nitrogen and sulphur dioxide in
the air or the distance from the pollution source (Biggeri et al.
1996; Kampa and Castanas 2008; Pascal et al. 2013; Bidoli
etal. 2015).

More difficult is a quantitative interpretation of results. On
the one hand, it is because the different levels of metal accu-
mulation depend on a number of factors such as area of bee
keeping and its ecological status, method of rearing bee colo-
nies, age of worker bees, physiological and health status of
bee specimens and bee colonies. On the other hand, it lacks a
general outline of thresholds to define the low and high pol-
lution level for heavy metal monitoring with honeybees and to
facilitate the preventive management of environment. The
concentration of Cd, Co, Cr, Cu, Ni, Sr, V and Zn measured
in our study are all within the range of values reported in
literature (Roman 2010; see Van der Steen et al. 2012 for a
complete review of published values). The exception is re-
corded for As, Cd and Pb, which are lower than reported from
other previous studies on bees (Perugini et al. 2011; Van der
Steen et al. 2012; Ruschioni et al. 2013). The low concentra-
tions of As and Cd are comparable with the bioaccumulation
values detected by mosses in the same area (Miani et al. 2007).
However, the level of Cr, Cd and Ni in honeybees reported for
Italy was lower than that recorded in our samples (Conti and
Botré 2001; Satta et al. 2012; Ruschioni et al. 2013). These are
geographical differences due to different levels of metal in
sampled sites from natural or anthropogenic sources. The
comparison of accumulation values in honeybees of metals
such as Bi, Co, Sr and V is very difficult because they are
rarely reported in previous monitoring studies (Van der
Steen et al. 2012, 2015). Actually, the only proposed method
for the interpretation of results defines reference thresholds
calculated on experimental data, which were derivated into
quartiles (Porrini et al. 2002; Gutierrez et al. 2015).
Gutierrez et al. (2015) indicate the following reference thresh-
old values for Cd, Cr, Pb and Ni: 0.3 mg/kg <Pb > 0.7 mg/kg,
0.04 mg/kg < Cr > 0.12 mg/kg, 0.1 mg/kg <Ni > 0.3 mg/kg,
0.052 mg/kg < Cd > 0.1 mg/kg. The low value is equivalent to
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an acceptable low pollution for each metal and the highest
value to worrisome high-pollution ones. Based on this meth-
od, we can interpret our results only for some metals.
Therefore, the level of Cr and Ni recorded in bees from both
sites is worrisome, whilst the recorded concentration of Pb and
Cd is acceptable.

Conclusions

This study is a preliminary analysis, and more data including
additional years, seasonal variable and distance covered by
foraging bees (Decourtye et al. 2011) are required for a more
rigorous survey of heavy metal risk assessment in Trieste city.
Besides, our results confirm that biomonitoring with
A. mellifera is a useful approach to assess environmental pol-
lution (Leita et al. 1996; Kevan 1999; Lambert et al. 2012;
Barganska et al. 2016). Moreover, the level of hazardous
metals recorded in our investigation may be compared with
the value found in other studies to increase the network of
information for environmental impact assessment. The metal
contamination recorded along the urban-suburban gradient
showed that the risk for human health is not related to the
distance from the industrial site. Finally, further comparative
studies are needed to determinate a range of comparable
values to establish thresholds for the interpretation of results
that triggers an alarm if its limits are exceeded.
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