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Honey may have potential benefits due to its nutrient and bioactive molecules. On the other hand, it is a food that
could be affected by environmental pollution; therefore, honey may contain contaminants such as heavy metals.
The present study aimed to quantify eleven heavy metals and essential elements (Hg, Cd, V, Cr, Ni, Cu, As, Sb, Pb,
Ba, Mn) in honey collected in the Campania region (Italy) and analyzed through Q-ICP-MS. Secondly, carcino-
genic and non-carcinogenic risks due to ingestion of honey in toddlers, adolescents, and adults were estimated

based on the Target Hazard Quotient (THQ) and Lifetime Cancer Risk (LTCR). No statistically significant dif-
ference emerged among the different areas. The risk assessment did not report concerns for non-carcinogenic
risk. However, the three groups showed a potential carcinogenic risk for Ni, Cr, and As, even though toddlers
reported higher exposure values. The finding of this study provides pieces of knowledge on levels of contami-
nants in honey in Campania. Furthermore, it can aid in understanding the resulting risk due to honey ingestion.

1. Introduction

Honey is a well-known sweet and viscous natural substance used as
food since prehistoric times (Crane, 1983). Indeed, it is an excellent
source of nutrients such as sugars (mainly glucose and fructose), pro-
teins, vitamins, minerals, phenols, and others. According to Codex Ali-
mentarius (2019) definition, honey is produced by honeybees from the
nectar of flowers, from secretions of plants, as well as excretions of
plant-sucking insects on the living parts of plants (in the case of hon-
eydew honey), which the bees collect, transform through the addition of
specific compounds, deposit, dehydrate, store and leave in the honey-
comb to ripen and mature. The type of plant characterizes the honey
variety and its chemical-physical composition (Popek, 2002). In the last
two decades, worldwide honey production has increased by about 67%
(1260063 tonnes in 2000-1862598 tonnes in 2019) proving a most
significant market interest for this food. Honey is not only appreciated
for its organoleptic features but also for its health-promoting effect. The
high number of bioactive compounds with antioxidant and
anti-inflammatory properties significantly reduce cellular proliferation,
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glucose, fructosamine, and glycosylated hemoglobin serum concentra-
tion, oxidation of low-density lipoproteins, asthma, and bacterial in-
fections (Cianciosi et al., 2018).

Furthermore, high microbiological stability due to acidity, low water
availability, and microbial activity inhibitors was described (Omafuvbe
and Akanb, 2009). For these reasons, honey consumption may be sug-
gested following LARN (Levels of Absorption Reference of Nutrients and
Energies for the Italian population) (SINU, 2014). However, honey may
be a source of potentially toxic elements such as heavy metals and trace
elements due to honeybee’s bioaccumulation capability (Bibi et al.,
2008; Pipoyan et al., 2020). Heavy metals are persistent pollutants,
naturally occurring in the environment or widespread by anthropogenic
activity. The primary emission sources of these chemicals are industrial
processes, combustion of fossil fuel refining, vehicles emissions, disposal
of municipal wastes, and application of pesticides and fertilizer (Li et al.,
2019). Toxic elements can lead to acute or chronic intoxication,
although some (e.g., Cu, Cr, Se, Mn, Zi) are essential for human meta-
bolism and have detrimental effects only at high doses (Whitfield et al.,
2010 Jun). They can alter the function of the immune and nervous
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system and organs such as lungs, liver, and kidneys (Fraga, 2005;
Sankhla et al., 2017; Heo et al., 2017; Hashemi, 2018). Each element has
a specific mode of action, but underlying toxicity mechanisms include
ROS generation, glutathione depletion, and bonding to sulfhydryl
groups damaging cells and activating carcinogenic processes (Engwa
et al.,, 2019; Wu et al., 2016). As a result, the consumption of honey,
which may be affected by the surrounding environmental conditions,
could be a significant source of exposure to chemical contaminants,
representing a potential public health issue. Previous research assessed
the honey contamination in different regions, reporting high levels of
heavy metals such as Pb, Cd, As, Cr, and Ni (Ullah et al., 2022; Pipoyan
et al., 2020; Orisakwe et al., 2019). However, some studies described the
peculiar ability of honeybees to "filter" the nectar, reporting no relevant
heavy metals levels in honey (Dzugan et al., 2018; Borsuk et al., 2021).
Therefore, this study set out to evaluate the levels of eleven heavy metals
and essential elements (Hg, Cd, V, Cr, Ni, Cu, As, Sb, Pb, Ba, Mn) in
honey collected from apiaries located in different Campania (Italy)
municipalities, with the aim to fill the gap of data related to this area. To
the best of our knowledge, although some research has been carried out
on heavy metals in honey, few published studies have quantified the
levels of these elements in samples collected in Southern Italy. There-
fore, our study may provide a significant account of honey safety in the
Campania region (Italy), ascertaining human exposure to these
elements.

2. Materials and methods
2.1. Sampling

Thirtytwo honey samples in three suburban areas (eight sites) of the
Campania region were collected: Caserta province (Cancello Arnone,
Castel Volturno, and Mondragone), Vesuvius area (Torre del Greco,
Trecase, Terzigno and Ottaviano), and Sorrento peninsula (Vico
Equense). Four honey samples were collected for each site at the end of
October 2020. 50 g of fresh honey belonging to polyfloral species were
collected directly from beekeepers. The samples were placed individu-
ally in sterile test tubes, frozen at a temperature of — 80 °C, and then
analyzed.

2.2. Chemical and instrumental analysis

0.50 g of sample were homogenized, and 5 mL of HNOg3 (65% w/w)
and 2 mL of 30% H30, (30% w/w) were added. Then the samples un-
derwent wet mineralization through a Milestone microwave for 30 min
at 190 °C, and finally, the samples were cooled and transferred to a flask,
and the final volume was adjusted to 25.0 mL by adding Millipore Mill-
Q® water (18.2 MQ cm resistivity).

Metals analysis was performed using a Thermo Scientific™ ICAP™
RQ inductively coupled plasma mass spectrometer (Q-ICP-MS) with a
Burgener Mira-Mist nebulizer, a Quartz cyclonic spray chamber, cooled
to 2.7 °C, and skimmer cones. The instrument was operated using the
Thermo Scientific™ Qtegra™ Intelligent Scientific Data Solution™
(ISDS) Software. The operating conditions of the Q-ICP-MS equipment
were optimized using a tuning solution (Ba, Bi, Ce, Co, In, Li, U 1.00 ng/
L, Thermo Scientific) on masses "°In, “Li, >°Co, 238U, 2°°Bi, and '#°Ce
was used for oxide and doubly charged interference checks. The analysis
was performed in KED (Kinetic Energy Discrimination) mode, and the
parameters were: collision gas: He, plasma gas flow (Ar): 14,8 mL/min;
nebulizer gas flow: 0.98 L/min; auxiliary gas flow: 0.85 L/min; ICP RF
Power: 1550 W; CeO/Ce = 0.0057. Cell gas flow was 4.8 mL/min for He.

The Q-ICP-MS was used for the determination of As, Ba, Cd, Cr, Cu,
Mn, Hg, Ni, Pb, Sb, and V in honey. All samples were analyzed in
duplicate, and each sample was measured in triplicate by Q-ICP-MS
detection (Aliu et al., 2020; Bereksi-Reguig et al., 2020; Kilic Altun et al.,
2017).

The solutions were prepared using water (18.2 MQ cm resistivity)
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purified with a Millipore Mill-Q® purification system, concentrated ni-
tric acid (HNO3 65% m/m, Suprapur®, Merck, Germany) and hydrogen
peroxide (HoO2 30% m/m, Suprapur®, Merck). An HNO3 1% v/v
(Suprapur®, Merck, Ultrapure) solution was used to clean the Q-ICP-MS
apparatus between quantifications.

The calibration standards were prepared with multi-element stan-
dard solution CertiPUR® (Merck, Darmstadt, Germany) 1000 mg L 'at
concentrations: 0.5, 1.0, 2.5, 5.0, 10.0 pg L~L. An internal standard mix
comprising 50 pg L7 Ge, 5 ug L7, 10 pg L' In and 25 ug L7 Y was
introduced online with an internal standard mixing kit. The internal
standard elements were appropriately matched to analyte elements (de
Oliveira et al., 2017; Wetwitayaklung et al., 2018).

2.3. Estimated daily intake

The exposure population assessment to the elements through the
ingestion of honey was calculated by estimated daily intake (EDI) ac-
cording to the following formula suggested by the United States Envi-
ronmental Protection Agency (USEPA) (US EPA, 2021a):

EDI=(C x IR x EF x TE)/(BW x AT)

where C is the concentration of each PTE detected in the samples (mg/
kg); IR is the Intake Rate of honey (kg/day) for toddlers, adolescents,
and adult population; BW is Body Weight (11.3, 52.6, and 69.7 kgy,, for
toddlers, adolescent, adult, respectively (Leclercq et al., 2009). EF is
Exposure Frequency to the contaminant (350 day/year); TE is Total
Exposure (70 years), and AT is the Average Lifetime time for
non-carcinogenic risk (TE x 365 day/year). The data relating to IR were
retrieved from Chronic Food Consumption per day (g/day) of EFSA
(EFSA, 2021):

o Toddlers = median 10.0 g/day, 95th percentile 25.3 g/day
o Adolescents = median 13.3 g/day, 95th percentile 19.0 g/day
o Adults = median 10.0 g/day, 95th percentile 35.8 g/day

2.4. Non-carcinogenic risk assessment

2.4.1. Target hazard quotient

The Target Hazard Quotient (THQy,) for non-carcinogenic effects of
each PTE through dietary exposure was calculated through the following
formula suggested by USEPA:

EDI
RD,

RfDy, is Oral Reference Dose (mg/kgnw/day) (Table 1) proposed by
US EPA. Some studies used the same RfD for Hg (Kurniawati et al., 2021;
Bat et al., 2019); Cr (Wei et al., 2019; Korkmaz et al., 2019; Real et al.,
2017); Ni (Korkmaz et al., 2019; Obiora et al., 2019; Real et al., 2017);
As (Qin et al., 2021; Real et al., 2017); Mn (Korkmaz et al., 2019). RfDpy,
is a particular case because, according to US EPA, setting a reliable
threshold for Pb is challenging. We used RfDpy, proposed by other studies
(Obiora et al., 2019; Bat et al., 2019; Ullah et al., 2021; Real et al., 2017).

A THQp, (dimensionless) > 1 entails a high non-carcinogenic risk.

THQ =

2.4.2. Multiple exposure to toxic elements

In the case of multiple exposure to several contaminants, the cu-
mulative risk arising from the dietary exposure to all elements was
assessed through the Hazard Index (HI). This index stands for the sum of
THQy, for each element and is calculated as follows:

HI = "THQ,

An HI >1 entails a high risk as far as non-carcinogenic risk is
concerned.
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Table 1
Oral Reference Dose (mg/kgyw/day) and Cancer Slope Factor (mg/kgp.,/day) "
for each element.

Elements RfD (mg/ Reference CSF (mg/ Reference
kgpw/day) kgpw/day)
Hg 0.0003* US EPA /
(2021b)
cd 0.0001 US EPA 0.38 Gebeyehu and
(2021b) Bayissa (2020);
Nduka et al.
(2019)
Real et al. (2017)
\% 0.005** US EPA /
(2021b)
Cr 0.003*** US EPA 0.50 (USDOE, 2011)
(2021b)
Ni 0.02* US EPA 1.70° (USDOE, 2011)
(2021b)
Cu 0.04 US EPA /
(2021b)
As 0.0003*4 US EPA 1.50 US EPA (2021b)
(2021b)
Ba 0.20 US EPA /
(2021b)
Sb 0.0004444 US EPA /
(2021b)
Pb 0.0035 Obiora et al. 0.0085°° (USDOE, 2011)
(2019);
Bat et al.
(2019);
Ullah et al.
(2021)
Real et al.
(2017)
Mn 0.10 USEPA, 2021 /

**Vanadium and Compounds
***Chromium VI
“Nickel Soluble Salts
““Inorganic Arsenic
44%Antimony (metallic) and Antimony Tetraxide
°Nickel subsulfide
°°Lead and Compounds
" Mercuric Chloride and other Mercury salts

2.5. Carcinogenic risk assessment

The carcinogenic effects related to the ingestion of food contami-
nated by Ni, Cr, Pb, As, and Cd were evaluated through the Lifetime
Cancer Risk (CR) (US EPA, 2021a), that is:

LTCR = EDI x CSF

CSF is the Cancer Slope Factor (mg/kgpw/day) ! that estimates the
probability of developing cancer through Ni, Cr, Pb, As, and Cd inges-
tion. The CSF¢q proposed (Table 1) was previously used by Gebeyehu
and Bayissa (2020) and Real et al. (2017). USEPA considers an LTCR
(dimensionless) > 1 x 10~ as an unacceptable risk of developing can-
cer over a human lifetime, whereas values between 1 x 107® and
1 x 107* are considered an acceptable range for carcinogenic risk
(USEPA, 2001). Instead, Health Canada and AEP propose the value of
1 x 107> as the maximum safety threshold for the risk of developing
cancer (Health Canada, 2010).

The cumulative cancer risk is the risk estimation due to exposure to
multiple carcinogenic elements and was calculated as:

LTCR,, = Z LTCR,

k=1

Where LTCRy is the Life Time Cancer Risk for the cancer element k.
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2.6. Statistical analysis

Data analysis and graph processing were performed using R Software
version 3.6.0 and ggplot2 package (RCore Team, 2019; Wickham,
2016).

3. Results and discussion
3.1. Elements concentration in honey

The levels of each element obtained by the analysis of honey samples
are listed in Table 2. No statistically significant difference emerged
among the areas and municipalities regarding the levels of heavy metals.
The concentrations ranged between 0.70 ug/kg (Hg) and 1713 pg/kg
(Mn). Higher mean values were observed for Cu (1049 + 360 pg/kg),
Mn (881.1 + 405.9 ug/kg), Ba (260 + 145 pg/kg), and Ni (167
+ 80.4 pg/kg). Other elements reported concentration equal to 5.48
=+ 3.55 pg/kg for Cd, 12.0 + 8.30 pg/kg for V, 72.3 + 19.2 pg/kg for Cr,
14.9 + 8.36 pg/kg for As, 3.34 & 3.02 ug/kg for Sb, 30.1 + 8.91 pg/kg
for Pb, and 31.81 + 26.03 pg/kg for Hg.

Previous studies assessed the levels of heavy metals in honey in
several regions of Italy (Fig. 1.). However, these studies considered
fewer elements. Perna et al., 2021 analyzed samples of honey collected
from agricultural, forestry, urban, and industries areas of the Basilicata
region. They reported similar values for Cd (3.31 £+ 2.33 (range:
0.40-9.36) ng/kg) and Ba (187 4122 (range: 10.77-544 pg/kg),
whereas higher levels for Mn (881 + 406 (range: 523-1713) pg/kg).
Squadrone et al., 2020 considered monofloral and polyfloral honey
samples from the pre-Alpine area. They reported similar levels for Cr
(68.0 £+ 63.0 pg/kg), Cu (950 + 940 pg/kg), Ni (220 + 190 pg/kg), and
As (16.0 £ 21.0 pg/kg), whereas higher levels for V (9 + 49 pg/kg), Pb
(58 + 160 pg/kg), and Mn (2100 + 1700 pg/kg). Bontempo et al.
(2017) collected seven different botanical samples in Northern, Central,
and Southern Italy, reporting similar data for Ni (200 + 300 ug/kg) and
Ba (200 + 200 ug/kg) but lower levels of Cr (0 £ 0 ug/kg) and Cu (600
+ 1000 pg/kg) in polyfloral honey. Quinto et al., 2016 analyzed honey
samples from Foggia, Naples, Caserta, Campobasso, Isernia, Matera,
L'Aquila, and the province of Rome. As regards the area of the Campania
region (Caserta and Naples), the levels of the elements that occurred in
this area were lower than the levels reported in our study. Di Bella et al.
(2015) reported mean values of Ni (220 + 110 (range: 110-330) ng/kg)
in line with our data, although levels of Cr (140 + 70 (range: 70-190)
pg/kg) and Pb (50 + 30 (range: 30-70) ug/kg) were higher from an
analysis of polyfloral honey in Sicily and Calabria. Meli et al., 2015
analyzed twenty-one honey samples collected from Marche, chiefly
belonging to the polyfloral species. The analysis showed similar levels
for Mn (870 + 560 (range: 370-2930) ug/kg) but higher values for Cd
(20 & 18 (range: 1-53) pg/kg), Cr (270 + 230 (range: 20-670) pg/kg),
and Pb (180 + 160 (range: 10-450) ng/kg). Naccari et al., 2014 re-
ported higher levels of Cd (15.3 + 4 (range: <LOQ - 24) ug/kg) and Pb
(170.9 + 68 (range: 78-390) ng/kg) in seven samples for each honey
species (Carob, Chestnut and Eucalyptus). Pisani et al., 2008 considered
several botanical origin (including polyfloral) honey samples of the
Siena area. Their data-related to polyfloral honey showed similar values
for Cd (4.25 + 3.58 (range: 1.00-15.3) pg/kg) and Sb (3.40 & 2.19
(range: 1.20-13.3) pg/kg), whereas levels of Ni (273 + 413 (range:
77-2760) ug/kg), Ba (915 + 424 (range: 408-2634) ug/kg), Pb (76.4
+ 55.9 (range: 28.2-304) pg/kg), and Mn (1680 + 3610 (range:
130-1690) pg/kg) were higher than our data. According to the litera-
ture, as mentioned earlier, almost all elements reported a fair variability
likely due to the area characteristics (urban, industrial, agricultural,
volcanic), botanical origin, and collection period. On the other hand, Ni
levels are often in agreement with those of other studies in different sites
of Italy, namely Basilicata, Calabria, Sicily, Piedmont, Marche and
Tuscany regions (Perna et al., 2021; Squadrone et al., 2020; Quinto
et al., 2016; Di Bella et al., 2015; Meli et al., 2015; Pisani et al., 2008).
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Table 2
Elements detected in honey in eight sites of the Campania.
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Concentration (ug/kg)

cd v Cr Ni Cu As Sb Ba Pb Hg Mn
Mean 5.48 12.03 72.34 167.0 1049 15.0 3.34 259 30.09 31.81 881
SD 3.55 8.29 19.18 80.35 360 6.36 3.02 145 8.91 26.0 406
Median 5.08 8.53 67.4 137 1107 12.2 2.40 245 28.7 44.6 721
Min 1.15 5.35 48.1 64.3 510 5.35 1.50 103 16.5 0.70 522
Max 10.80 29.7 101 321 1465 26.1 10.60 502 42.8 55.9 1713
As cd
This study (Campania) 1 —A—
Squadrone et al. (2020) (Piedmont) |
Quinto et al. (2016) (Central and Southern ltaly){ =~ —
Pisani et al. (2008) (Tuscany) ——————— —A————
Perna et al. (2021) (Basilicata) 1 - A—
Meli et al. (2015) (Marche)
" Di bella et al. (2015) (Calabria and Sicily)q
[
g 0 10 20 0 20 40 Lo
2 - mean
2 Ni Pb
14 min
This study (Campania){ #"—
Squadrone et al. (2020) (Piedmont) |
Quinto et al. (2016) (Central and Southern lItaly) —
Pisani et al. (2008) (Tuscany) — —
Perna et al. (2021) (Basilicata) 1
Meli et al. (2015) (Marche)
Di bella et al. (2015) (Calabria and Sicily) 1 - A
0 1000 2000 0 100 200 300 400

Concentration (ug/kg)

Fig. 1. As, Cd, Ni and Pb levels in honey collected in Italy according to different studies in Italian regions.

Where available, data on polyfloral honey were used for the comparison
(Fig. 1).

Pb is the only element in honey that present legal limits in Europe.
According to Commission Regulation (EU) 2015/1005 related to
maximum levels of Pb in foodstuffs, the threshold value in honey is
100 pg/kg wet weight (EU, 2015). The higher level of Pb was
55.95 ug/kg: therefore, all samples showed concentrations essentially
lower than the EU Regulation threshold limit.

3.2. Bioaccumulation comparison among honey, bee, and other
beekeeping matrices

This study was part of a broader investigation that evaluated the
heavy metals in honeybees and beekeeping matrices (wax and pollen)
and the impact of the Covid-19 pandemic on environmental pollution
(Scivicco et al., 2022). Unlike the other beekeeping matrices, honey
showed the lowest concentration for most elements. This result cor-
roborates the hypothesis that the activity of the worker bees during the
honey elaboration process may have a bearing on the levels of metals in
the finished product, and this evidence matches that observed in earlier
studies (Formicki et al., 2013; Taha et al., 2017; Dzugan et al., 2018;
Borsuk et al.,2021). It could conceivably be hypothesized that the levels
of heavy metals in the honey is affected by enzymes and molecules
(gluconic and ascorbic acid) responsible for chelation of elements and
complex formation, leading to the absorption and accumulation of
metals in specific body anatomic sections or excretion with feces, rather
than their accumulation in honey (Borsuk et al., 2021). Furthermore, the
different contamination levels may be due to the chemical-physical
features of the matrices: lipophilic elements may preferentially accu-
mulate in the lipids, whose concentrations are higher in honeybees, wax,
and pollen than in honey. In addition, pollen and honeybee are more

exposed to airborne particulate matter, accumulating elements on their
outer surface.

3.3. Risk assessment through honey consumption

3.3.1. Non-carcinogenic risk

To assess non-carcinogenic risk, THQ was calculated based on intake
of honey for toddlers, adolescents, and adults (in a median and 95th
percentile scenario) and RfD proposed by EFSA and US EPA (Table 1).
The values ranged from 7.09E-05 (median exposure) in adults for Ba to
0.40 (95th percentile exposure) in toddlers for Hg (Fig. 2). THQ did not
exceed the threshold value of 1 for each element for toddlers, adoles-
cents, and adults in both scenarios indicating that non-carcinogenic
health effects were not significant.

Likewise, HI reported values below the safety threshold (namely <
1). The highest value was 0.69 and occurred in toddlers (95th percen-
tile). Hence, the exposure to all elements showed a low probability to
cause adverse non-carcinogenic health effects over a lifetime.

3.3.2. Carcinogenic risk

LTCR was used to assess carcinogenic risk based on CSF proposed by
US EPA and US DOE (Table 1). Not all elements are carcinogenic;
therefore, CSF is only available for Cd, Cr, Ni, As, and Pb (probably
carcinogenic). According to USEPA, LTCR values above 1 x 10~* are
considered unacceptable regarding the risk of developing cancer (US
EPA, 2001). For Ni exposure, LTCR > 1 x 10~* was observed in tod-
dlers, whereas the threshold was reached in adolescents and adults to
the third quartile (75th percentile). Considering the Health Canada
criteria (Health Canada, 2011), the levels of Cr for all age groups and As
in toddlers exceeded the threshold of 1 x 107> (Fig. 3). Accordingly, a
carcinogenic risk emerged from cumulative LTCR assessment: a higher
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Fig. 2. Target Hazard Quotient (THQ) values for non-carcinogenic risk based on elements exposure in toddlers, adolescents, and adults.
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B3 Aduts

Fig. 3. Lifetime Cancer Risk (LTCR) values based on carcinogenic elements exposure in toddlers, adolescents, and adults.

risk was observed in toddlers (median: 2.44E-04; 95th percentile:
6.17E-04) than adolescents (median: 6.98E-05; 95th percentile:
9.95E-05) and adults (median: 3.95E-05; 95th percentile: 1.42E-04).
Previous studies reported significant levels of these heavy metals.
Ullah et al. (2022) declared an LTCR > 1E-04 and 1E-05 for Ni and Cd,
respectively, based on an analysis of honey collected in Pakistan. Like-
wise, Pipoyan et al. (2020) reported a carcinogenic risk for Ni (ILCR >
1E-04) as well as As (ILCR in the range of 3.36E-06 and 1.94E-05)
related to honey from Armenia. Instead, in Nigeria, Orisakwe et al.
(2019) showed a higher LTCR for As, equal to 5.25E-02.

Based on the above, honey collected in some municipalities of the
Campania region can accumulate high levels of Ni, Cr, and As, similarly
to other areas of the world, pointing out a potential risk for its con-
sumption, mainly among toddlers.

4. Conclusions

Eleven heavy metals and essential elements were analyzed in poly-
floral honey collected in different municipalities of the Campania re-
gion. No statistically significant difference was observed among

sampling sites. The analysis revealed that no sample exceeded the
threshold limit of Pb (100 pg/kg), set by Regulation (EU) 2015/1005.
Risk assessment in toddlers, adolescents, and adults based on median
and 95th percentile honey intake showed no concern for non-
carcinogenic risk; In contrast, closer attention deserves to be paid to
the exposure to Ni, Cr, and As for carcinogenic risk in the three groups,
even though higher values emerged among toddlers. In conclusion,
these findings suggest that environmental pollution has a lower impact
on the occurrence of heavy metals in honey, which could probably
benefit from the capability of honeybees in the detoxification of this
product. However, because of the possible risks from honey consump-
tion, setting regulation threshold limits for the Ni, Cr, and As should be
considered.
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