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Abstract

Nectar of honeybee colonies has been used in order to identify heavy metals and establish the benefit of this type of
studies as a tool for environmental management. For these goals, samples of nectar were obtained from Apis mellifera
hives placed in the city of Cérdoba (Spain) and its surroundings. Five stations (each with two hives) were selected and
samples were collected from May to July of 2007, 2009 and 2010. Concentrations of Pb, Cr, Ni and Cd in nectar were
determined by graphite furnace atomic absorption spectrophotometry. Substantial spatial and temporal differences were
detected and compared with the values found in bee bodies in a previously published study based on samples obtained
simultaneously with those presented in this work. Upper reference thresholds established for this investigation were
surpassed frequently by the measures obtained, being Cr (21.43% of samples), stations S3 (22.22%) and S4 (11.12%)
year 2009 (22.22%) and the month of July (23.68%) the metal, the locations and the periods that exceeded more times
these references. Regarding the Cd, which was studied only in 2010, 33.33% of the nectar samples exceeded the upper
reference thresholds. Comparing the biomonitoring of bee bodies and nectar, some coincidences were found, although
they showed different results for highest worrisome values of metal, station and year. This suggests that both methods
can give complementary information in the surveillance systems of atmospheric pollution.
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Introduction

Heavy metal toxicity has proven to be an ecological and
global public health concern (Tchounwou et al. 2012);
toxicity mechanisms of these metals in humans have been
reviewed by Jaishankar et al. (2014). Their dangerous
nature represents a threat to the ecological balance that
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supports life because their non-degradability and their
prolonged persistence in the environment (AECOSAN,
Spanish Agency of Consumption, Food Security and
Nutrition n.d.). In different industrial, combustion or ag-
ricultural processes, heavy metals can be released to the
air, water and/or soil and transferred from one environ-
mental compartment to another (Jarup 2003; Gall et al.
2015). Heavy metals can also be deposited or accumulat-
ed in organisms. Plants represent an important point of
connection between the biotic and abiotic parts in terres-
trial ecosystems (Hamilton 1995). Despite the reduction in
emissions of heavy metals that occurred since 2001 in the
EU, a part of the surface of ecosystems is at risk due to
the atmospheric deposition of Cd, Pb or Hg (EEA,
European Environmental Agency 2013).

The monitoring of heavy metals emitted into the air, water
or soil must be carried out at the emission sources by those
responsible for industrial facilities or activities with a high
contamination potential (EC 2010). Other locations are cho-
sen by the governments to monitor the concentrations of
heavy metals in the air that generate greater concern for their
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environmental exposure in order to assess compliance with
the value limits established to protect human health (EC
2005; EC 2008).

In any case, the monitoring of heavy metals has been based
mainly on physical-chemical methods and is usually carried
out in fixed locations.

The Spanish legislation related to the improvement of air
quality establishes the criteria to determine the number of sam-
pling points. According to the Royal Decree of 2011(Spain
2011), in agglomerations between 250,000 and 400,000 inhab-
itants, at least one fixed station is required for the measurement
of lead, and in the agglomerations with a population of less than
750,000 inhabitants, a fixed station for the measurement of
arsenic, cadmium and nickel is also required. In some places,
there are also mobile stations that are used to calibrate fixed
stations or to perform point measurements in special circum-
stances in areas not covered by fixed stations (Boquete et al.
2013). The number of fixed stations in Europe is still relatively
small (EEA, European Environment Agency 2013) due to their
high costs and the frequent maintenance that these pieces of
equipment require (Boquete et al. 2013).

In addition, these fixed stations have two limitations. On
the one hand, they need to be complemented by adequate
information that allows knowing the degree of collective ex-
posure of the resident population in the zones located between
them (Spain 2011). On the other hand, knowing the environ-
mental concentrations of pollutants from physical-chemical
methods, being important, means knowing only part of the
problem (Ordoiiez et al. 2007), since it does not allow direct
conclusions to be drawn from environmental damage on hab-
itats and exposed living beings (Klumpp and Klumpp 2004).

It is for this reason that bioindicators are necessary, and
among them this study focuses on bees Apis mellifera L.,
which have exceptional qualities for environmental monitor-
ing (Bromenshenk 1986; Devillers and Pham-Delegue 2002;
Celli and Maccagnani 2003; Porrini et al. 2002, 2003).
Regarding the biomonitoring of heavy metals, the content of
metals in the bee bodies and their concentration in honey or
nectar can be used as bioaccumulators (see review in Herrero
et al. 2017 or recent works such as Giglio et al. 2017). In the
first case, the bees involuntarily can capture these elements
during their foraging flights, being retained in the hairs of the
surface of their body or, by ingestion or inhalation, to accu-
mulate into them (Porrini et al. 2002).

Honey or nectar (unripe honey, fresh honey) can be used
because they can accumulate heavy metals if they are trans-
ferred from the soil to flowers or other parts of the plants
visited by bees, reaching nectar (Leita et al. 1996; Boyd
2009) and honeydew (Barisi¢ et al. 1999), which are
transported to the hives for the formation of honey or honey-
dew. The type of plant, the mobility of these elements and
their availability on the ground influence this transfer (Gall
et al. 2015). In fact, it has been proven that the botanical and

geographical origin have an important influence on the con-
tent of heavy metals in honey (Bogdanov et al. 2007). The
hygroscopic nature of honey can also facilitate the absorption
of contaminants (Bibi et al. 2008). Honey can also accumulate
metals if the metal dust in the air settles or is diluted in these
parts by atmospheric deposition, rain or dew (Kalbande et al.
2008; Boyd 2010). The bees themselves can incorporate them
into apicultural products if their bodies are previously loaded
with heavy metals (Bogdanov et al. 2007).

In biomonitoring studies with colonies of Apis mellifera,
two types of samples clearly differentiated by their moisture
content have been used for biomonitoring heavy metals: nec-
tar and “mature” honey. While nectar has a higher percentage
of water, has been recently collected by bees and is usually
found in open cells of the honeycombs, “mature” honey has a
lower percentage of water, has been stored in a higher lapse of
time and is usually found in operculated cells. There are some
works on biomonitoring heavy metal content in mature honey
(Roman 2010; Lambert et al. 2012), but there are also some
others using nectar (Balestra et al. 1992; Zugravu et al. 2009;
Satta et al. 2012; Ruschioni et al. 2013). General studies on
chemical characterization of nectar (Nicolson and Thornburg
2007) do not show concrete information about its heavy metal
content, only on minerals considered bioelements.

Compared with bee bodies content, honey and nectar have
been considered by several researchers matrices with less sen-
sitivity to heavy metal variations in the environment (Conti and
Botré 2001; Lambert et al. 2012; Satta et al. 2012). Multiple
factors, such as the species of plant visited, its morphology, the
forage range, the date or season of the year and the climatic
conditions, could mask the interpretation of the results (Tuzen
et al. 2007; Jones 1987). It is also possible that honey or nectar
reflects environmental pollution only when the levels of heavy
metals in the environment are very high (Conti and Botre¢ 2001;
Ruschioni et al. 2013). In some studies, however, the results
have been satisfactory (Zugravu et al. 2009).

Porrini et al. (2002) point out the possibility of generating
complete information by integrating the data obtained from
the bees and nectar matrices. The bees would provide timely
information on the contamination, attributable only to 2 or
3 days prior to their capture and the nectar would be used to
obtain contamination information in a greater period of time
(between 10 and 15 days) and can include a more extensive
area.

During the study of honeybees as bioindicators in the city
of Cordoba (southern Spain), samples of bees were studied in
order to assess their content of heavy metals (Gutiérrez et al.
2015). Moreover, following Porrini’s suggestions, the poten-
tiality of nectar as bioindicator was also investigated, trying to
reach these objectives:

1. Determine the concentration of heavy metals in nectar
from several Apis mellifera biomonitoring stations placed
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Table 1 Characteristics and location of the sites where the five biomonitoring stations were installed
Station Coordinates Location with respect to the urban Land use in the buffer surrounding Additional information
area (3 km in diameter)
S1 Long (°) <2 km SW - Papermaking plant - A nonferrous metals and
—4.8035 - Riparian vegetation copper plant is placed 5 km N
Lat (°) 37.8513 - A mobile physicochemical station
Alt (m) 95 was placed 2 km N of the station
only in 2010
S2 (control  Long (°) 15 km SE - Agricultural land - A municipal landfill is placed
A) -4.6703 (cereal and sunflower 10 km W
Lat (°) 37.8057 crops) - It was not used in 2007 sampling
Alt (m) 211
S3 (control  Long (°) 8 km NW - Mediterranean forest - Some low-density urbanizations
B) —4.8193 - Recreational park are placed nearby
Lat (°) 37.9522
Alt (m) 577
S4 Long (°) Downtown - Vehicle traffic - A fixed physicochemical station is
—-4.7777 - Gardens with placed in the outer limit of the buffer
Lat (°) 37.8918 ornamental plants surrounding
Alt (m) 139
S5 Long (°) <2 km NE - Cement plant - Some low-density urbanizations
—4.7622 - Abandoned quarry (vegetation are placed nearby
Lat (°) 37.9145 undergo in natural restoration
Alt (m) 172 process, with a small number of

trees)

in Cordoba (Spain) to estimate the heavy metal pollution
in this city and its spatial or temporal differences, focusing
on the detection of worrying locations and dates.

2. Compare the results of heavy metal content in nectar with
those (previously published) of bee body content obtained
in the same stations and dates.

3. Consider if both matrices are complementary and there-
fore convenient for a regular air pollution monitoring pro-
gram in cities using A. mellifera hive stations.

Materials and methods
Study area: biomonitoring stations

The study was carried out in the surroundings of the city of
Coérdoba and in its urban area (about 330,000 inhabitants)
during the years 2007, 2009 and 2010. Biomonitoring stations
were placed in five sites (S1 to S5). Each station consisted of
two wood Dadant hives, protected with metal-free paints and
placed on a wooden stand 40 cm above the ground with 60 cm
from each other. Both hives were painted with different colour
to improve bee orientation and minimize drift. The details of
the localities are summarized in Table 1 and their particular
situation with respect to physicochemical stations and primary
industrial activities is indicated in Fig. 1.

Two of these five sites, S2 and S3, were considered to be
“comparatively unpolluted” controls due to their geographical
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location and natural attributes that suggest likely low levels of
pollution, even with these contaminants, defined ubiquitous, it
is not possible to identify an uncontaminated place with cer-
tainty (Porrini et al. 2002).

Sampling

Both hives of each station were visited monthly to collect
nectar samples of 10 ml each. These samples were selected
using a refractometer from portions of honeycombs in which
pollen was absent and the nectar moisture content was higher
than 19%. Nectar samples were obtained by mechanical press-
ing the pieces and were kept at — 28 °C until analysis.

A total of 84 samples were obtained as follows: 24 in May,
June and September of 2007; 30 in May, June and July of
2009 and 30 in May, June and July of 2010.

The five stations were tested on the same day whenever
possible. The use of smokers was avoided to prevent any
chance of contamination.

Analysis of heavy metals

Pb, Cr and Ni were the heavy metals analysed during the
3 years of the study and Cd was incorporated in 2010. These
metals were chosen by Gutiérrez et al. (2015) for the study of
bee body content because they are usually present in urban
areas and are the same metals used for nectar analyses pre-
sented in this paper to obtain results with comparative value.
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Fig. 1 Map showing the location
of the biomonitoring stations
respect to the urban area of
Cordoba, physicochemical
stations and industrial activities.
S1, S2, S3, S4 and S5 are
biomonitoring stations, FS the
fixed physicochemical station and
MS the physicochemical mobile
station. Primary industrial
activities are nonferrous metals
and copper plants (MET), cement
plant (CEM), papermaking plant
(PMK) and municipal landfill
(LAN). The buffer surrounding
each biomonitoring station is
about 3 km in diameter, which is
the foraging area of

honeybees. PNOA: =

NPAO: National Plan of Aerial
Ortophotography. See Table 1 for
additional information

LEGEND

® Biomonitoring stations
O  Physicochemical stations
< Industrial activities
[J Urban boundary

PNOA

Analyses were conducted by the Centro Studi Ambientali
(CSA) in Rimini, Italy, as it was explained in the aforemen-
tioned work. No certified reference materials about nectar/
honey or the parameters under investigation were found at
testing period. This led to perform on nectar repeated tests
and some standards were added to test for heavy metals
applying the procedure detailed in Bettinelli and Terni
(2000) and Gnes et al. (2004).

Before proceeding to instrumental analysis, nectar was di-
luted in a 1:2 ratio with solution 1% Triton-X; the matrix was
digested in the graphite tube during the incineration. Metals
were determined by graphite furnace atomic absorption spec-
trometry with Zeeman background correction (Varian,
SpectrAA220Z) in consonance with Method 7010 of the
US-EPA (U.S. Environmental Protection Agency 2007). The
sample was quantified by standard additions; for cadmium
and lead, a 0.5% solution of ammonium dihydrogen phos-
phate was used as a matrix modifier. The matrix modifier
allowed to use higher atomization temperatures, avoiding los-
ing the analyte and at the same time optimally incinerating the
matrix and reducing interference. Recoveries between 90 and
105% were obtained. Limits of quantification (LOQ) and

Table2  Limits of quantification (LOQ), limits of detection (LOD), low
reference threshold (LRT) and high reference threshold (HRT) (all in
mg/kg) established for heavy metals in nectar

Pb Cr Ni Cd
LOQ 0.002 0.0008 0.008 0.002
LOD 0.001 0.0003 0.003 0.001
LRT 0.01 0.005 0.02 0.004
HRT 0.05 0.015 0.2 0.014

limits of detection (LOD) established for the four heavy
metals studied are detailed in Table 2.

Data analysis and interpretation

Reference values of the heavy metals studied in nectar, pro-
vided by the Department of Agricultural and Food Sciences of
the University of Bologna (Italy), have been considered for
the analysis and interpretation of the results. The origin of
these reference values was a database (Porrini et al. 2002)
updated and calculated on the basis of recent experimental
data. The wide variability reflected in the database led to clas-
sify the data, so they were organized from least to greatest and
divided into quartiles.

The value of Q) quartile was used as the low reference
threshold (LRT) and the value of Q5 quartile was used as the
high reference threshold (HRT). When the concentration
levels of a sample were equal to or below the LRT, it was
considered to correspond to areas with low pollution (and
qualified as “acceptable”). Conversely, levels exceeding the
HRT were considered “worrisome” and correlated with high-
polluted areas. Finally, values between the LRT and the HRT
(or equal to this last value) were considered “worthy of atten-
tion”, corresponding to districts with an intermediate level of
pollution. The reference values are detailed in Table 2 and
shown also in Fig. 2.

In the data analysis, the average of the two samples corre-
sponding to both hives of each biomonitoring station was used
as one value (one sample).

Qualitative and quantitative ratings were used:

* Qualitative ratings were used to represent, by letters, sig-

nificant differences (Mann-Whitney, p <0.05 or p <0.01)
between specific locations and periods (years and
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Fig. 2 Interpreting results: —
quartiles and reference thresholds e @ @
graphic for nectar concentrations 0% 25% 50% 75% 100%
of samples < | \ .
Reference I o g
Threshold (RT): LRT (Low) HRT (High)
' Acceptable Worthy of attention Worrisome
Low pollution Intermediate pollution High pollution
Pb 0.01 mg/kg 0.05 mg/kg
| |
Cr 0.005 mg/kg 0.015 mg/kg
Nectar [— : |
Ni 0.02 rlng/kg 0.2 mg/kg
Cd 0.004 mg/kg 0.014 mg/kg

months); the coincidence of a single letter in two or more
stations or dates implies the absence of remarkable differ-
ences between locations or periods, whereas different let-
ters express significant differences. Letters closer to the
beginning of the alphabet indicate stations or dates with
lower amounts of heavy metals. For example, if a value is
significantly different from the second one of another sta-
tion and the first one is lower, it is represented by letters a
and b, respectively. But if a third value of a third station
does not show remarkable differences neither with the first
nor with the second, the pair of letters ab is used to express
this situation.

Quantitative ratings were used to represent by numbers the
pollution levels: 1 corresponds to “acceptable” results (<
LRT), 2 indicates “worthy of attention” concentrations (>
LRT and <HRT) and 3 is associated to “worrisome” levels
(> HRT).

Results
Pb, Cr and Ni

Table 3 shows the concentrations of Pb, Cr and Ni in nectar
registered in each station and collection date (absolute data).

Table 4 shows the pollution level (represented by numbers)

and the significant differences (represented by letters) between
stations, land uses and temporal periods (years and months),
taking into account all the investigation period (average data).

Substantial differences between stations and dates are re-

vealed by the Kruskal-Wallis analysis, within a 95% or 99%
confidence level. Spatial differences in the amounts of Pb (p <
0.05) and Ni (p<0.01) were found; temporal variation
(monthly and annual) was also observed in Cr levels (p <
0.05 between months and p <0.01 between years).
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A more detailed analysis (Mann-Whitney, p <0.05 or p <
0.01) showed differences between stations and between dates
for each of the heavy metals (Table 4).

Spatial variation

The concentrations of Pb and Ni differed spatially (see
Table 4). Pb concentrations in nectar at station S2 were signif-
icantly lower (represented by letter a) than at the other stations
(letter b in S1, S3, S4 and S5). Samples from stations S3 had
significantly higher levels of Ni (indicated with letter c) than
those obtained in the remaining stations (indicated with letters
a, b or ab); the amount of Ni in S4 was the lowest and the
difference with the level of S5 is remarkable (levels of stations
S1 and S2 are not significantly different between each other
and compared with levels of S4 and S5, so letters ab are used
for this situation, as explained in “Material and methods”
section).

However, no substantial differences in the level of Cr in
nectar were detected among locations (indicated by “a” in all
stations).

Regarding land use, industrial zones (stations S1 and S5),
agricultural and forest areas (stations S2 and S3) and down-
town area (station S4) did not show substantial differences in
the levels of Pb and Cr (all of them show letter matching in
qualitative rates). Nevertheless, the levels of Ni in nectar from
industrial, agricultural and forest areas were significantly
higher than those found in the urban area.

Temporal variation

Table 4 also shows that some annual and monthly changes
were detected by the continue pollution monitoring, indicating
variations in the levels of pollutants.

Annually, significant differences were found only for Cr in
nectar. The Cr value was remarkably higher in 2009 than in
2010.
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Table 3  Concentrations of Pb, Cr and Ni (mg/kg) in nectar by stations
(STA) and month in 2007, 2009 and 2010. The pollution level is indicated
by emphasis on each entry: entry in italics means acceptable (low pollu-
tion); entry in bold means worthy of attention (intermediate pollution) and

Table 4 Qualitative and quantitative assessment of heavy metal
contamination in nectar from Codrdoba city by station, land use and
period (year and month)

entry in bold italics means worrisome (high pollution) Heavy metal Pb Cr Ni
Metal Year STA Month Mean + SE Station S1 b-2 a-2 ab-2
M i Tl S2 a-1 a-2 ab-2
vy Y S3 b2 a2 2
Pb 2007 SI  0.0010 0.0300 0.0135 0.0148 = 0.0084 S4 b-1 a-2 a-2
S3 0.0025 0.0190 0.0090 0.0102 = 0.0048 S5 b-2 a-2 b-2
S4  0.0105 0.0130 0.0180 0.0138 +0.0022  Land use Urban a-l a-2 a-l
S5 0.0045 0.0140 0.0075 0.0087 + 0.0028 Indust a-2 a-2 b-2
2009 SI  0.0080 0.0475 0.0090 0.0215 % 0.0130 Agr-for a-2 a-2 b-2
S2 0.0010 0.0025 0.0030 0.0022+0.0006  Year 2007 a-2 ab-2 a-2
S3  0.0750 0.0190 0.0160 0.0367 + 0.0192 2009 a-2 b-3 a-2
S4  0.0025 0.0085 0.0030 0.0047 + 0.0019 2010 a-1 a-1 a-2
S5 0.0500 0.0055 0.0125 0.0227 +0.0138  Month May a-2 a-2 a-2
2010 S1 0.0020 0.0030 0.0140 0.0063 = 0.0038 Jun b-2 b-2 a2
S2 0.0010 0.0025 0.0015 0.0017 + 0.0004 Jul ab-2 b-3 a-2
S3  0.0050 0.0065 0.0035 0.0050 £ 0.0009 Sep ab-2 b-3 a2
4 0.0030 0.014 0.0080  0.0083 + 0.0032
S 0140 See “Materials and methods” section for interpretation of letters and
S5 0.0055 00160 0.0450 0.0222 +0.0118 -
Cr 2007 S1 0.0018 0.0125 0.0334 0.0159 = 0.0093
83 00009 0.0093 0.0114 0.0072 + 0.0032 In May, the Pb concentrations in nectar were significantly
S4  0.0033 0.0074 0.0171 0.0093 +0.0041  |ower than in June. Moreover, the Cr values in May were
S5 0.0014 0.0374 0.0103 0.0164 +0.0108  appreciably lower than those in the other months. Significant
2009 SI 0.0053 0.0141 0.0171 0.0121+0.0035  differences were not found for Ni in nectar among months.
S2 0.0064 0.0093 0.0302 0.0153 = 0.0075
S3 0.0117 0.0131 0.0319 0.0189 + 0.0065
S4  0.0355 00101 00182 0.0213+0.0075 Levels of pollution
S5 0.0132  0.0092 0.0361 0.0195 = 0.0084
2010 SI 0.0030  0.0041 0.0063 0.0045 < 0.00l0  Table5 shows the frequencies (%) of concentrations in nectar
S 0.0025  0.0038 0.0018 0.0027 + 0.0006 (for Pb, Cr and Ni) considered acceptable, worthy of attention
S3 0.0060 0.0040 0.0051 0.0050 < 0.0006  Of worrisome (these ratings are also presented by location and
S4 00020 00061 0.0067 00049+ 00015 Pperiod). Their respective absolute levels of pollution are
S5 0.0045 00101 0.0090 00079 +0.0017  Shown in Table 3. , _ .
Ni 2007 SI 0.0040 01545 0.0590 0.0725 < 0.0440 As Table 5 shows, the highest frequencies of worrisome
$3 0.0915 01160 0.0625 0.0900 = 0.0155 values occurred for Cr (21.43%); stations S3 (22.22%); year
St 00160 00070 00335 00188 +0007s 2009 (22.22%) and the month of July (23.68%).
S5 0.0695 00340 0.0460 0.0498 = 0.0104 The highest incidences of worthy of attention values were
2009 S1 0.0485 01035 0.1160 0.0893 £ 0.0207 found in Ni concentrations (52.38%); station S5 (59.26%);
© 00040 0.0185 00185 00137+ 00048 Y 2007 (58.34%) and the month of June (64.29%).
‘ ' ' ' ‘ Finally, the highest frequencies of acceptable values oc-
S3 0.2900 0.3555 0.3205 0.3220 = 0.0189 .
4 00100 00310 00300  0.0237 < 0.0068 curred for Pb (59.52%); station S2 (77.78%); year 2010
’ ’ ’ ’ ’ (60.00%) and the month of May (64.29%).
S5 0.1620 0.0170 0.0380 0.0723 + 0.0452 . . .
5010 SI 00100 0.0090 0.0585 0.0258  0.0163 Figure 3 and Table 3 show the spatial and temporal vari-
i ‘ ’ ’ ’ ability of heavy metal pollution in the city of Cordoba and the
S2 0.0120 0.0885 0.0135 0.0380 = 0.0253 L . . .
severity of some levels in particular dates or locations. The
S3 0.0575 0.0685 0.3635 0.1632 = 0.1002 . . .
annual averages of Pb, Cr and Ni concentrations in nectar are
S4 0.0040  0.0280 0.0065 0.0128 = 0.0076 . ..
presented for each station and period in order to be compared
S5 0.0185 00680 0.0165 0.0343 = 0.0168 i the reference thresholds specified in Fig. 2. Chromium
#September in 2007 reached worrisome levels in all stations (except in S1) in 2009

and in two stations in 2007 (those close to the urban area but
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Table 5 Frequency of

worrisome, worthy of attention Level of pollution Worrisome Worthy of attention Acceptable N
and acceptable concentrations of
Pb, Cr and Ni in nectar by heavy Heavy metal Pb 1 (2.38%) 16 (38.10%) 25 (59.52%) 42
metal, station and period (year Cr 9 (21.43%) 21 (50.00%) 12 (28.57%) 42
and month). The “N”” values Ni 4(9.52%) 22 (52.38%) 16 (38.10%) 4
correspond to the number of data .
points extracted from Table 3 Station S1 2 (7.41%) 14 (51.85%) 11 (40.74%) 27
S2 1 (5.55%) 3 (16.67%) 14 (77.78%) 18
S3 6 (22.22%) 14 (51.85%) 7 (25.93%) 27
S4 3 (11.12%) 12 (44.44%) 12 (44.44%) 27
S5 2 (7.41%) 16 (59.26%) 9 (33.33%) 27
Year 2007 3 (8.33%) 21 (58.34%) 12 (33.33) 36
2009 10 (22.22%) 21 (46.67%) 14 (31.11%) 45
2010 1(2.22%) 17 (37.78%) 27 (60.00%) 45
Month May 3(7.14%) 12 (28.57%) 27 (64.29%) 42
Jun 2 (4.76%) 27 (64.29%) 13 (30.95%) 42
Jul 9 (23.68%) 18 (47.37%) 11 (28.95%) 38
Sep 0 (0%) 2 (50.00%) 2 (50.00%) 4

not inside it, and with industrial activities in their buffer sur-
rounding) and nickel reached worrisome levels only in one
station in 2009 (curiously, in the northern control station
surrounded by forest). Finally, lead never reached worrisome
values.

The monthly level of analysis registered in Table 3 is useful
to detect situations of concern that might have been ignored in
a global study of more general scale. For example, 2010 re-
sulted to be the year with lower levels of pollution overall
(average values represented in Fig. 3 do not show any
worrisome value in any heavy metal concentration), but in
some specific dates of this year, some worrisome values were
found in some particular stations, such as the concentration of
Ni in nectar from station S3 in July (Table 3).

Cadmium

An environmental pollution complaint during 2009 suggested
the incorporation in 2010 of Cd into the sampling protocol. As
shown in Table 6, Cd concentrations exceeded the HRT in
33.33% of the nectar samples and reached worrisome levels
at stations S3 and S5 (Fig. 4); July was the month where
highest levels were measured (Fig. 5).

Discussion

Interpretation of results in nectar

The biomonitoring of concentrations of heavy metals in nectar
of A. mellifera gave important data about the spatial variability

and temporal complexity of local environmental
circumstances.
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In order to assess the results and compare them with those
of a previous work on heavy metals in bees (Gutiérrez et al.
2015), two complementary types of analysis have been used.
First, for a continuous monitoring of environmental quality,
statistical differences among absolute values were recognized
to investigate the spatial and temporal variations in pollution.
Second, to signal severe and urgent situations, reference
values were considered, especially to detect worrisome values
that could alert authorities and result in a rapid response to
mitigate environmental crises.

As discussed in the aforementioned previous work, “an
absence of significant differences among the pollution da-
ta does not necessarily indicate that worrisome values
have not been reached”. In addition, “when significant
differences are found, it cannot be presumed that worri-
some values have been reached”. For example, there were
no significant differences among locations or months in
Cr concentrations in nectar during the 3 years of sampling
(Table 4). However, concentrations reached alarming
values nine times (Table 3): at station S5 in June and
stations S1 and S4 in September 2007; station S4 in
June and stations S1, S2, S3, S4 and S5 in July 2009.
Moreover, levels of Pb in stations S1 and S2 were signif-
icantly different (Table 4), although they never registered
worrisome values (Table 3).

Studies carried out by other authors and countries have also
found spatial and time-based differences in the levels of heavy
metals in floral honey, honeydew or nectar. Some of them do
not show apparent differences between natural or
contamination-free sites and urban areas (Conti and Botré
2001; Lambert et al. 2012), as detected in some cases in this
study, but some others have found high concentrations in col-
onies located in the downtown area of the city or in the
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Fig.3 Box and whisker plots showing the variability of concentrations of
Pb, Ni and Cr in nectar comparing the values obtained in different years,
months and locations. Outlier values are marked with dots. Dashed
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proximity of industrial areas or roads with heavy traffic
(Zugravu et al. 2009; Satta et al. 2012; Ruschioni et al. 2013).

High concentrations of heavy metals found in nectar in
some cases were consistent with their dynamics during dry
periods characterized by a limitation of the atmospheric puri-
fication and the continual deposition and resuspension of the
urban dust (Querol 2008).

Unexpected high concentrations were detected in control
stations. Stations S3 and S2 were installed a priori in a site that
could be considered having less anthropic influences and a
more “natural” ecosystem, but the results prove that this “a
priori” consideration was wrong. Heavy metal
chemodynamics are very complex and a study that relates
causes and effects would be necessary. It is possible that wind

each metal. The lower and upper limits of each box indicate the limit
between the first quartile (Q;) and the second (Q,) and the limit
between the third quartile (Q3) and the fourth (Qy), respectively

direction may have occasionally exposed these stations to en-
vironmental hazards that may be considered similar or more
severe than those found in other stations. For example, station
S3 (forest zone, control B) recorded higher annual average
concentrations of Ni in nectar than the rest of stations in
2009 and 2010 (Table 3 and Fig. 3). In 2009, station S2 (ag-
ricultural zone, control A) and station S3 registered high and
worrisome annual average concentration of Cr, analogous to
other stations (Fig. 3), and in 2010, station S3 revealed an
annual average Cd level that is considered worrisome (Fig. 4).

On the other hand, from the point of view of hygiene and
food safety, maximum levels of heavy metals for honey have
been established by the 2015/1005 Regulation of EU, which
sets the lead content in honey in 0.10 mg/kg (EC 2015).

@ Springer
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Table 6 Concentrations of Cd (mg/kg) in nectar by station (STA) and
month in 2010. Entry in italics means acceptable (low pollution); entry in
bold means worthy of attention (intermediate pollution) and entry in bold
italics means worrisome (high pollution)

Nectar STA. Month Mean
May Jun Jul

Cd 2010 S1 0.0090 0.0050 0.0195 0.0112
S2 0.0070 0.0030 0.0080 0.0060
S3 0.0210 0.0120 0.0175 0.0168
S4 0.0060 0.0130 0.0040 0.0077
S5 0.0150 0.0125 0.0260 0.0178
Mean 0.0116 0.0091 0.0150

Moreover, Byrne (2000) proposed to the European Union
limit values of 0.1 mg/kg for Cd. Tables 2 and 5 show that
the values of Pb and Cd in nectar are below those limits.

Comparing heavy metal concentrations in nectar
with results in honeybee bodies

The biomonitoring of heavy metals accumulated by bees car-
ried out simultaneously in the same seasons and dates
(Gutiérrez et al. 2015) allows comparing and evaluating the
results in the nectar. For this comparison, the results obtained
in bees in the months of May, June and July have been taken
into account (Table 7). In general, there was an interval be-
tween 1 and 10 days between the collection of bees and nectar.
Only in 2007, the bees were collected in July and the nectar in
September. In May 2010, the nectar samples were collected
3 days before those of bees.

Analysing the data as a whole and using the Spearman
correlation analysis, the results showed a positive correlation
between both matrices (bees and nectar) in the concentration
of Pb (p<0.01; p=0.399) and Ni (p<0.01; p=0.402); see
for example Figs. 6 and 7. However, a negative correlation
was found in the concentration of Cr (p <0.01; p=—0.401),
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Fig. 4 Changes in average Cd concentrations in nectar (mg/kg) in 2010
by station, relative to the reference thresholds
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Fig. 5 Changes in average Cd concentrations in nectar (mg/kg) in 2010
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as shown in Fig. 8. All of the correlations calculated can be
considered weak. In the case of the Cd, which was analysed
only in 2010, no correlation was detected.

Regarding the global levels of pollution reached in the
3 years of study (Tables 5 and 7), both matrices agreed in
indicating that the Pb, station S2, the year 2010 and the month
of May were respectively the heavy metal, the location and the
periods with the highest percentages of acceptable values.
They only differed in the metal (Ni in bees and Pb in nectar).

The two matrices differed, however, in the metal, the sta-
tion and the year where the highest frequencies of worrisome
values were detected (Ni in bees and Cr in nectar, S4 in bees
and S3 in nectar, 2007 in bees and 2009 in nectar) and they
coincided in the month (July).

Moreover, the results obtained with both matrices revealed
significant spatial and temporal differences, with bees detect-
ing the greatest number of them. In some cases where signif-
icant differences were detected by a matrix, the other matrices
confirmed them; in the majority of cases, those differences
were not detected but no contradictory results were found,
with one exception: the amount of Cr found in bees was sig-
nificantly higher in 2010 than in 2009 (see Table 3 in
Gutiérrez et al. 2015), while that found in nectar was higher
in 2009 than in 2010 (Table 3). This fact could be related to the
negative correlation of Cr that was detected between the two
matrices.

Therefore, coincidences between both matrices are remark-
able, but they are not absolute. The dynamics of each heavy
metal in the environment, the different routes of exposure to
pollution and the nature of the matrix itself have influenced
the results. In fact, the amounts of heavy metals in nectar are
usually lower than those detected in bees. During foraging,
bees can accumulate metals not only by ingestion but also by
inhalation through the tracheal system and by deposition on
their hairy tegument surface (Porrini et al. 2002), and this
could increase the levels of metals in their bodies compared
with the levels detected in nectar. Moreover, the morphology
of'the flower protects the nectaries from increased exposure to
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contamination and that the contaminants can be partially elim-
inated or “filtered” in the process of honey formation by the
bees (Bogdanov 2006). Some other factors can have influence
in heavy metal bioavailability; for example, some studies in-
dicate that some metals in nectar can alter the foraging behav-
ior of Apoidea (Chicas-Mosier et al. 2017; Meindl and
Ashman 2013) but nothing can be concluded about how this
can modify the concentration levels of nectar samples collect-
ed by bees.

Comparing heavy metal concentrations in nectar
with the data from physicochemical stations

During the investigation period, a fixed physical-chemical da-
ta recording station was installed in the city and, only in 2010,
the administration also installed a mobile station (Fig. 1). The
physicochemical measurements revealed important spatial
differences in the city during 2010 (Mann-Whitney, p <0.05
for Ni and p <0.01 for Pb and Cd).
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Fig. 6 Levels of Pb detected in nectar in station S1 compared with levels
of the same metal in bee bodies in the same station. A weak positive
correlation is found, although in June 2009, nectar detects high levels
that are not found in bees

A weak correlation has been found between the high con-
centration of Ni in both the physicochemical data from the
fixed station and the A. mellifera biomonitoring data in 2010
(Fig. 9). In other cases, the physicochemical and biomonitor-
ing records did not show direct correlations; they only coin-
cide in revealing significant spatial differences in the city. An
increase in Cd concentration in nectar that occurred in May
and July 2010 was not reflected in the physicochemical re-
cords (Fig. 10); this increase was detected at station S3 and S5,
where this element reached a worrisome level in both months
(Table 6). This fact proves that nectar biomonitoring offers
complementary information with that obtained using physico-
chemical technics. Correlations found in 2010 between Ni
content in nectar samples vs physicochemical information
could be interpreted as contradictory in comparison with those
obtained from bee bodies in the same year (correlation be-
tween Cd in bees body vs physicochemical system), but it
must be considered that the uptake routes of heavy metals
are different when using different measurement systems.
While physicochemical stations only detect air pollution, hon-
eybee bodies uptake metals directly from different subsystems
of the environment (not only air), as explained in the
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Table 7
LEVEL OF Worrisome Worthy of Acceptable N
POLLUTION attention
HEAVY Pb  3(7.14%) 21 (50.50%) 18 42
METAL (42.86-
Po)
Cr 4(9.52%) 29 (69.05%) 9(21.43%) 42
Ni  5(11.90%) 18 (42.86%) 19 42
(45.24-
o)
STATION S1 3(11.11%) 14 (51.85%) 10 27
(37.04-
%)
S2 1(5.56%) 3 (16.67%) 14 18
(77.78-
%)
S3  1(3.70%) 16 (59.26%) 10 27
(37.04-
Po)
S4  4(14.80%) 17 (62.96%) 6(22.22%) 27
S5 3(11.11%) 17 (62.96%) 7(25.93%) 27
YEAR 2007 9 (25.00%) 23 (63.81%) 4(1.11) 36
2009 1(2.22%) 28 (62.22%) 16 45
(35.56-
o)
2010 2 (4.44%) 17 (37.78%) 26 45
(57.78-
Po)
MONTH May 5 (11.90%) 19 (45.24%) 18 42
(42.86-
%)
Jun 2 4.76%) 26 (61.90%) 14 42
(33.33-
Po)
Jul 5 (13.15%) 23 (60.53%) 14 42
(36.86-
o)

Fig. 7 Levels of Ni detected in nectar in station S2 compared with levels
of the same metal in bee bodies in the same station, showing a positive
correlation between both matrices
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Fig. 8 Levels of Cr detected in nectar in station S5 compared with levels
of the same metal in bee bodies in the same station, showing a negative
correlation between both matrices

“Introduction” section, and metals in nectar come mainly from
soil. When correlations between any pair of measurement
tools are detected, they can be associated with similar levels
in the different environmental subsystems and/or similar bio-
availability of metals, but if correlations are not found, this
situation can be associated (but not as a unique reason) with
different levels in the subsystems and different characteristics
of metals that can have an influence on their different bioavail-
ability routes.

It is important to state that the utility of nectar biomonitor-
ing does not represent an alternative method to mechanical
devices used for monitoring air pollution, but a complemen-
tary system. In this sense, the conclusions of Van der Steen
et al. (2015) for relationships between concentrations in bees
and in air can be also applied for relationships between con-
centrations in nectar and in air. Further and more rigorous
analysis of risk assessment will be required, considering the
sampling in additional years, taking into account more season-
al variables, comparing with similar studies to be performed in
other Spanish cities, etc.

Using nectar in integrated biomonitoring strategies

Although the biomonitoring of nectar with colonies of
A. mellifera represents a consistent methodology to obtain
useful and precise information on environmental quality, fur-
ther investigations are necessary. First, the methodology used
must be standardized, and second, its results should continue
to be studied to integrate them into the physicochemical
methods of reference. As previously proposed (Ruiz et al.
2013; Gutiérrez et al. 2015), the future approach of such stan-
dardization should include:

* Complementation and integration with official protocols
for the assessment of environmental quality. This integra-
tion must take into account that the costs of materials and
equipment for honeybee monitoring are lower for govern-
ments and institutions than conventional physicochemical

@ Springer
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Fig. 9 Ni found in nectar and recorded from the fixed physicochemical
station (monthly average) in 2010. Averages are calculated from Table 3

methods. It should be noted that biomonitoring with nectar
is not possible when spring or blooming has finished.

* The analysis of pollen and nectar of bees, combined with a
morphological analysis of the contaminating particles,
retained by these insects, which would contribute to iden-
tify which plants they visit (Porrini et al. 2003) and the
possible origin of the contaminants (motorized traffic and
industries that could increase the concentration of some
metals, particularly those for casting of nonferrous metals
or manufacturing cement, etc.).

* The use of other bioindicators, such as lichens (Garty
2002), which should be used as complementary tools,
mainly in periods of low temperatures when bees are not
active out of their hives.

» The use of other bee matrices, such as bees (Roman 2010;
Perugini et al. 2011; Van der Steen et al. 2012), propolis
(Serra-Bonvehi and Orantes 2013) or pollen (Roman
2009; Lambert et al., 2012; Satta et al. 2012) to improve
the information provided by nectar, since they could be
more exposed to heavy metals.

Finally, not only heavy metals are of concern, as suggested
by the increase of mortality of bees at some stations in 2007.
In this case, pesticides are suspected cause of death and surely
the next objective of biomonitoring.
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Fig. 10 Cd found in nectar compared with the records of the fixed
physicochemical station (monthly average) in 2010
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Conclusions

1. The qualitative information provided by nectar biomoni-
toring with colonies of A. mellifera allowed the identifi-
cation of spatial and temporal variations in heavy metal
concentrations, detecting significant levels of some of
these metals in areas that were disregarded by standard
measurement stations.

2. Based on the concentrations found in nectar biomonitor-
ing, the environmental quality of the city of Cordoba and
its surroundings shows a high variability depending on
the particular type of heavy metal, the location and the
period of time (years and months). Overall, the highest
frequency of levels of concern was detected in the case
of Cr (21.43% of samples), stations S3 (22.22%), year
2009 (22.22%) and in the month of July (23.68%).
Although only analysed in 2010, the concentration of
Cd also showed a high frequency of problematic values.

3. The simultaneous and compared use of the matrices
“bees” and “nectar” has allowed us to observe some co-
incidence in the assessment of heavy metal contamination
in the city of Cordoba. Bees and nectar concentrations
match when indicating the metal, the season, the year
and the month with the highest frequencies of acceptable
values. Both matrices also matched in indicating the
month with the highest frequencies of worrisome values,
although they varied in metal, season and year. In this
case, both matrices offer complementary information.

4. Biomonitoring with honeybees should be incorporated
into proposals for tracking and controlling air pollution
in cities because they complement and enhance the infor-
mation derived from physical and chemical methods and
its costs are comparatively lower, helping to optimize re-
sources. The use of Apis mellifera as environmental
bioindicators is technically viable, integrative and helps
to identify the bioavailability of target pollutants and fa-
cilitates the analysis of significant differences and refer-
ence thresholds as an important tool for the preventive
management of environmental crises.
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