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Abstract. Environmental pollution and climate change are
among the biggest concerns of the World population and
represent an increased risk for the survival of very sensitive
animals and insects, including honeybees. Environmental
health monitoring can be performed through the
biomonitorization of sentinel species. Honeybees are
essential pollinators for global sustainale terrestrial
productivity. This work presents a global overview of the
available information on biomonitoring of honeybees and
identifies the most characterized environmental pollutants.
Available data clearly demonstrate the presence of
different metals (arsenic, nickel, cadmium, lead, etc.),
PAHs (naphthalene, acenapthylene, acenaphthene,
fluorene, phenanthrene, anthracene, pyrene, chrysene,
benzo(a)pyrene, benz(a)anthracene, isomers  of
benzofluoranthene, indeno(1,2,3-c,d)pyrene, and
dibenz(a,h)anthracene),  polychlorinated  biphenyls,
plasticizers residues, and microplastics on bees. The
contamination of bees was increased near urban areas
and/or locals with increased anthropization. Biomonitoring
of bees allows the identification of local sources of
pollution in the surroundings of beehives (e.g., urban
traffic emissions, forest fires, and agriculture). Additional
studies are needed to better characterize the impact of
environmental pollutants on bees.
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1. Introduction

Climate change has been causing an increase in the
frequency and intensity of extreme weather events, e.g.,
wildfires and prolonged droughts. Recently, The Lancet
Commission on Pollution and Health highlighted that
pollution causes 9 million premature deaths per year (one
in six deaths worldwide), which represents the largest
environmental risk factor for the development of disease
and promotes premature death (Fuller et al., 2022). Over
the last decades, the occurrence and severity of wildfires,
with hotter and longer fire seasons, have increased due to
global warming and climatic changes (Fernandez-Anez et
al., 2021). Large wildfires strongly impact the quality of
the air, water, and soil of burned areas and cause a strong

negative impact on the fauna and flora of the affected
areas, being responsible for the (partial/total) destruction
of the habitat of many species and the available food
resources (Certini et al., 2021; Oliveira et al., 2020).
Pollution, climate change, and biodiversity loss are
directly interconnected.

Environmental pollution is a planetary threat and its
dispersion through large distances away from the sources
affects not only local areas but also transcends local
boundaries. Air pollution is the most characterized and
widespread type of pollution that severely affects the
environment and human health (EEA, 2020; Yu et al.,
2023). The International Agency for Research on Cancer
classified air pollution as a whole and particulate matter as
carcinogens to humans (IARC 2013).

Environmental monitoring is frequently done with
different monitoring systems to verify the presence and
determine the levels of ambient pollutants (e.g., carbon
monoxide, particulate matter, ozone, metals, nitrogen
oxides, volatile organic compounds, etc.) in different
matrices (air, water, and soils) (Kariyawasam et al., 2021;
Mearns et al., 2019; Wright et al., 2018). However, these
environmental monitoring tools are expensive, require
regular management, and cannot be applied to all areas.
Therefore, innovative and alternative devices are required
to better monitor the environment, preferably with non-
invasive and more realistic approaches. Environmental
biomonitoring comprises the use of organisms (known as
biomonitors/sentinels) from local fauna and flora to collect
qualitative/quantitative information related to their habitat
including the presence and impact of pollutants in different
media (Huang et al., 2018; Jesus et al., 2022; Oliveira et
al., 2018, 2020).

Honeybees have been identified as the local “ideal
bioindicator” for environmental biomonitoring due to its
biological characteristics and their direct contact with
bioavailable contaminants from environmental media,
such as vegetation, water, soil, and air, in the surrounding
area of hives during beekeeping practices (Al-Alam et al.,
2019). Pollutants can accumulate on bees” tissues, be
carried to their hives, and be incorporated into bees’
products. Honeybees are very sensitive to environmental
changes and their mortality rates are also a good indicator
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of local pollution. Moreover, honeybees’ products (e.g.,
honey, wax, pollen, etc.) can also be used to identify
environmental sites more affected by ambient pollution.
The information related to the use of honeybees as
environmental biomonitor/sentinel is slowly emerging
from the literature. This work aims to collect and revise the
available information on the biomonitoring of honeybees
and highlight the principal pollutants found in this very
sensitive specie.

2.  Methods

Data related to biomonitoring assays performed with
honeybees were searched in the scientific databases
Scopus and ISI Web of Science up to February 2023. The
search was made with the combination of at least two of
the following keywords: environmental biomonitoring,
honeybees, and air pollution; the Boolean symbol “and”
was always used. The following inclusion criteria were
applied: i) to be written in English, and ii) to use honeybees
as biomonitors. Only the most representative studies that
allow presenting a broad and complete overview of
available data are chronologically presented.

3. Results and Discussion

Honeybees are bioindicators as individuals and/or as
population in their environment and are crucial pollinators
for the well-functioning of almost all terrestrial
ecosystems. Available literature clearly demonstrated the
susceptibility  of  honeybees to  environmental
contamination, particularly air pollution. The Chernobyl
disaster caused the accumulation of radioisotopes in
honeybees from the West Coast of the United States of
America (Ford et al., 1988). To the best knowledge of these
authors, the great potential of using honeybees to monitor
the environment was for the first time demonstrated by
Perugini et al. (2009) with the detection of very low
concentrations of some PAHSs in Italian beehives located
far away from possible sources of pollution. These authors
reported the prevalence of low molecular weight PAHSs in
honeybees and described increased levels of some
compounds  (fluorene, phenanthrene, anthracene,
fluoranthene, benz(a)anthracene, and benzofluorene
isomers) in bees than in the honey they produced. Also,
predominantly increased levels of bee contamination with
PAHs were found in sampling sites near an airport with
intense air traffic and motor vehicle circulation as well as
in a moderately polluted area close to small roads and a
local incinerator (Perugini et al., 2009). Lambert et al.
(2012) also characterized the levels of 4 PAHs, namely
benzo(a)pyrene, benz(a)anthracene, benzo(b)fluoranthene
and chrysene, in beehive matrices, i.e., honey, trap pollen,
and foraging bees, from different apiaries from a Western
French region. These authors found increased
concentrations of those compounds in bees than in beehive
products and the great dispersion of values observed was
attributed to local events of increased environmental
contamination. Badiou-Bénéteau et al. (2013) evaluated
the potential of honeybees to be used as a biomarker of
environmental quality through the determination of
(neural/metabolic)  biochemical  biomarkers (e.g.,

glutathione-S-transferase, acetylcholinesterase, alkaline
phosphatase and metallothioneins) in bees living in urban
and semi-natural areas from the La Reunion Island
(France). Significant differences in the activity of some
biomarkers (glutathione-S-transferase,
acetylcholinesterase, alkaline phosphatase) were reported
between both locations, suggesting that honeybees from
urban areas are subjected to environmental stress that
promoted oxidative stress on sensitive insects due to
exposure to environmental pollutants (e.g., metals). Some
authors gathered the potential of honeybees, pine tree leaf,
and propolis to be used as environmental bioindicators of
airborne PAHSs in a Turkish industrial area characterized
by a petrochemical industry, iron/steel factories, gas
turbines, and natural gas-coal combined power plants
(Aliaga, Izmir, Turkey) (Kargar et al., 2017). A total of
eight PAHs (naphthalene, acenapthylene, acenaphthene,
fluorene, phenanthrene, anthracene, pyrene, and
benz(a)anthracene) were found in honeybees and this
sentinel specie was pointed as a better indicator because it
can provide a broader range of environmental data related
with airborne pollutants present in both the gas and the
particulate phase and over longer periods of time (the
lifetime of the honeybee). Also, statistical analysis
including diagnostic ratios allowed the identification of
coal and biomass burning as the predominant sources of
PAHSs in the sampled area (Kargar et al., 2017). Gomez-
Ramos et al. (2019) developed a methodology based on a
combined chromatographic analytical approach to screen
non-targeted environmental contaminants from different
chemical groups (e.g., PAHSs, phthalates, synthetic musks,
residues of veterinary treatments, among others). The
methodology was successfully applied to honeybees from
apiaries located in different Spanish regions. A
biomonitorization assay performed with honeybees from a
Northern American city, Québec (Canada), demonstrated
the sensitivity of honeybees to differentiate the
environmental contamination with heavy metals (Pb, Ni,
As, and Cd) and some PAHs (benzo(a)pyerene,
ben(a)anthracene, dibenz(a,h)anthracene, and
benzofluoranthene isomers) in different urban and rural
locations (Grenier et al., 2021). Cochard et al. (2021) also
performed a biomonitoring study with honeybees to
examine the impact of airborne PAHSs present in different
French industrial sites and used the bees’ contamination
with some PAHSs (e.g., benzo(a)pyrene, benz(a)anthracene,
isomers of benzofluoranthene, indeno(1,2,3-c,d)pyrene,
and dibenz(a,h)anthracene) to differentiate the sampled
sites into semi-natural, agricultural, and urban areas. The
highest levels of PAHs were found in bees living in urban
sites (Cochard et al., 2021). Sari et al. (2021) described an
innovative passive sampling approach to monitor the
presence of airborne polychlorinated biphenyls (PCBs) in
the environment where honeybees are inserted through the
collection of polyurethane foam discs in both urban and
semi-urban regions in Ankara, Turkey. Simultaneously,
the study also collected honeybees and pollen samples. As
previously described by some authors, honeybees
presented the highest concentrations of environmental
pollutants, i.e., PCBs (Sari et al., 2021). The presence of
PCBs in honeybees was suspected caused by the



absorption of these contaminants from local surface waters
in the surrounding area of beehives. However, no
relationship was observed between the age of honeybees
and the levels of PCBs (Sari et al., 2021). Edo et al. (2021)
demonstrated the presence of microplastics (13 types of
synthetic polymers) on honeybees from Denmark.
Andrade de Santana et al. (2022) presented the chemical
profile via scanning electron microscopy and energy
dispersive X-ray spectroscopy of some metals (Mg, Al, Ca,
Mn, Fe, Ni, Cu, Zn, As, Mo, Cd, Ba, and Pb) in the body
of bees from Caatinga (Brazil) areas to identify local
sources of environmental contamination. Some authors
evaluated the impact of covid-19 pandemic lockdown on
local environmental contamination with heavy metals
through honeybees biomonitorization in the Campania
region (Italy) (Scivicco et al., 2022). It was reported
statistically lower levels of heavy metals (As, Ba, Cr, Cu,
Mn, Ni, Pb, Sh, and V) at the end pandemic lockdown than
in some months after with partial and total resumption
activities. Moreover, Smith and Weis (2022) also found
increased amounts of some metals (e.g., Pb, Zn, Sbh)
associated with anthropogenic activities in bee samples
collected throughout Metro Vancouver (Canada) during
foraging hours than in those living in more suburban/urban
areas. Similar findings were reported by Conti et al. (2022)
for Italian bees. However, some authors highlighted for the
inter- and in-hive variability in the elemental composition
of honeybees which should be taken in consideration in
future studies (Zari¢ et al. 2022). More recently, Di Fiore
et al. (2023) also used honeybees as biomonitors to assess
environmental contamination with PAHs, metals (e.g., Cd,
Co, Pb, Be, Cr, and Ni), and some plasticizers residues
(e.g., dimethyl phthalate, diethyl phthalate, diisobutyl
phthalate, dibutyl phthalate, bis(2-ethylhexyl)phthalate,
di-n-octylphthalate, and bisphenol A) in different sites of
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