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Abstract
The study assessed the health risks associated with heavy metal ingestion and explored the use of honey bee products as a 
bio-indicator for heavy metal pollution. All honey bee products tested showed heavy metals, but some honey samples had 
concentrations exceeding permissible limits for Cd, Pb, Ni, and Cr. The mean concentrations of heavy metals (mg/kg) in 
the honey, propolis, bee wax, and bee pollen were Fe (1.32) > Zn (1.31) > Pb (0.46) > Ni (0.18) > Cr (0.16) > Cu (0.14) > Co 
(0.12) > Mn (0.05) > Cd (0.03), Fe (8) > Zn (1.13) > Mn (0.59) > Pb (0.13) > Ni (0.07) > Cu (0.06) > Co (0.05) > Cr (0.03) > Cd 
(0.02), Fe (1.31) > Pb (0.41) > Ni (0.407) > Zn(0.25) > Mn (0.12) > Co(0.10) > Cu (0.07) > Cr (0.05) > Cd (0.002), and Fe 
(2.2) > Zn (0.75) > Ni (0.25) > Pb (0.16) > Cu (0.05) > Mn (0.045) > Co (0.04) > Cr (0.01) > Cd(0.002), respectively. Similarly, 
the mean concentration of heavy metals (mg/kg) in the soil, flowers and pine pollen was Fe (539.08) > Zn (89.53) > Mn 
(66.91) > Ni (58.5) > Co (19.2) > Cr (11.42) > Pb (6.58) > Cu (5.71) > Cd (0.19), Fe (3.12) > Zn (0.95) > Mn (0.72) > Ni 
(0.29) > Cu (0.16) > Cr (0.14) > Pb (0.059) > Co (0.057) > Cd (0.003) and Fe (2.59) > Zn (1.75) > Mn (0.43) > Pb (0.34) > Co 
(0.1) > Cr (0.07) > Cu (0.06) > Cd (0.039) > Ni (0.03), respectively. The atomic absorption spectrophotometry procedure was 
validated through a recovery study and achieved accuracy through the limit of detection (LOD) and limit of quantification 
(LOQ). The mean Bio concentration factor (BCF) indicated that the transfer from soil to honey was higher than from soil to 
flower. The metal pollution index (MPI) of the selected indicators was in descending order: soil > honey > flowers > propo-
lis > pine pollen > beeswax > bee pollen. The hazard quotient (HQ) and hazard index (HI) were below one, showing no chronic 
health risk. The carcinogenic risk (CR) of Cd, Cr, and Ni in honey for children, male and female adults for the consumers 
exceeds the acceptable level, making Cd, Cr, and Ni the most concerning heavy metals in honey. The study suggests that 
regular monitoring of heavy metal pollution is essential.
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Introduction

Over the past decade, there has been a growing interest in 
bioindicator-based techniques for detecting and evaluating 
environmental contaminants. Honey bee products are ideal 

bio-indicators for atmospheric pollution bio-monitoring due 
to honey bee’s continuous exposure to contaminants during 
their foraging activity. Since honey bees forage across an 
area of around 7  km2, honeybee products can serve as useful 
markers of chemical pollution in the environment [1].

The mineral composition of honey is highly linked with 
its floral and geographical origin, its geochemical composi-
tion, and the pollution level at a location. The composition 
of the honey bee products can be considered to be indicative 
of a wide range of environmental factors in a region [2].

A suitable indicator is able to assess the presence of con-
taminants in the environment both qualitatively and quan-
titatively. An indicator also has the potential to identify 
the impact of harmful substances on biological functions 
[3]. Elemental content in the honeybees due to short-term 
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spatiotemporal variations gets adjusted by the metabolism of 
the honeybees, which masks the variations. However, long-
term environmental pollution can be assessed by honeybee 
products [4]. Honey bee products can be used to monitor 
various pollutants, depending on where the apiary or honey 
beehive is located. The interactions that honey bees have 
with the environment, especially the plants and soil, affect 
the quality of the honey. Bees’ bodies are covered with hairs, 
which pick up pollutants from the environment they interact 
with. These characteristics make honeybee products not only 
environmental indicators but also passive bioaccumulators. 
They are ideal for the monitoring of large areas, even in 
areas with poor infrastructure like mountains and villages 
[5].

Heavy metals, originating from natural and anthropogenic 
sources, are ubiquitous in the environment and are released 
recurrently, causing damage to biological and physical eco-
systems [2]. Heavy metal contamination in plants, soil, and 
honey bee products is primarily caused by pollution from 
transport, industry, and transboundary sources [6]. The 
sources of heavy metals in soil are frequently industrial 
processes, fertilizers and pesticides used in agriculture, and 
air deposition from industrial and automobile emissions. 
Bees have the ability to gather polluted nectar, pollen, and 
water from these contaminated areas, which can lead to the 
contamination of honey and other bee products with heavy 
metals. Heavy metals are also present in soil and honey bee 
products as a result of inappropriate waste management and 
urban pollution [7].The location of apiary near pollution 
sources, such as factories, highways, mines, tailing ponds, 
volcanic activity and agrochemicals can results in heavy 
metal pollution in honey and other honeybee products [8]. 
The deposition of heavy metals from the source takes place 
in the form of dust or in gaseous form. Consumption of 
contaminated food with heavy metals can lead to metabolic 
abnormalities, headaches, nausea, vomiting, respiratory 
diseases, anaemia, renal, pulmonary, and heart failure [9]. 
The accumulative effects of metals can be threatening when 
only one metal such as, Cd causes cancer, badly affects liver 
and kidneys and also causes osteoporosis [10]. Heavy met-
als, prevalent in diverse environments, induce mutagenesis, 
teratogens, and carcinogenesis. They have been added to 
the list of priority pollutants by the USEPA since the 1970s 
[11]. This has been recognized as a global public health 
concern. Risk assessment assesses the potential hazards 
of contaminated sites and products, considering pollution 
sources, pathways, and receptors. Information on heavy 
metal concentrations in foodstuffs and dietary intake is cru-
cial for human health risk assessment [12]. Emerging trends 
have led to the adaptation of advanced analytical methods 
for analyzing metals in honeybee products. These improved 
methods differ in nature of sample, sensitivity, complexity of 
method, type, speed of analysis, cost, and skill of the analyst. 

The common methods to determine heavy metals in honey 
include atomic absorption spectroscopy techniques like 
flame atomic absorption spectroscopy (FAAS), as well as 
inductively coupled plasma (ICP) methods such as ICP-MS, 
ICP-OES, and ICP-AES. Microwave plasma atomic emis-
sion spectrometry (MP-AES) and graphite furnace atomic 
absorption spectrometry (GFAAS) are also effectively used 
[13].

Azad Kashmir, a mountainous, forested region in Paki-
stan, is renowned for its ideal conditions for beekeeping 
and natural honey production. To ensure food safety, honey 
should be free of any unwanted contaminants. Local honey 
products are sold at high prices due to their nutritional and 
medicinal benefits; however, the quality of honey is com-
promised due to poor beekeeping practices and lack of 
contamination monitoring. Honeybee products can serve as 
indicators of environmental health in terms of heavy metal 
contamination and the possible risk associated with the 
ingestion of heavy metals. Previous studies showed honey 
bee products, including honey, propolis, bee wax, and bee 
pollen, as good indicators for environmental changes around 
the apiaries [14, 15, 16, 17, 18].

However, to our knowledge, no research has been pub-
lished reporting the concentration of heavy metals in the 
honeybee products of Azad Kashmir, Pakistan. Therefore, 
the current study aimed to assess the level of heavy metals 
in honey bee products and also assessed the metal pollution 
index (MPI), health risk assessment, and bioconcentration 
factor in selected areas of Azad Kashmir, Pakistan. In addi-
tion, this study investigated potential connections between 
honey bee products and certain environmental indicators.

Methodology

Study Site

Azad Jammu and Kashmir is located between 33° and 36° 
latitude in the north-eastern part of Pakistan, with an area 
of 13297  km2. The study site is mostly hilly, with elevations 
ranging from 360 m in the south to 6325 m in the north, and 
has a wide range of climates, from a dry-subtropical climate 
in the southern districts (Kotli, Mirpur, and Bhimber) to 
a moist temperate climate in the northern districts (Nee-
lum, Muzzafarabad, Poonch, Sudhnoti, and Haveli) [19]. It 
offers a great variety of landscapes, ranging from plains to 
mountains, with diverse flora, from seasonal crops to wild 
floral species, having great potential for domesticated and 
wild honeybees. Apis cerana (Asian honeybee), Apis dorsata 
(giant honeybee), and Apis florea (little bee) are the four 
types of native honeybees, while Apis mellifera (western 
honeybee) is the exotic honeybee reported to participate in 
the production of honey in different locations of the study 
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site [20–23]. Locals and farmers involved in honey bee-
keeping in the area generate economic revenue from honey 
production.

Sampling

Sampling was carried out throughout the years 2020–2021. 
In total, 99 samples were collected for this study, of which 
sixty (60) were honey samples, six (6) were propolis sam-
ples, four (4) were bee pollen samples, five (5) were bee 
wax samples, three (3) were pine pollens, ten (10) were soil 
samples, and eleven (11) were flower samples. Honey bee 
products were collected from local beekeepers, households, 
and roadside vendors in glass containers and then stored in 
a refrigerator for further analysis. To explore the transfer 
of heavy metals from other mediums of the environment 
into honey, pine pollen, soil, and flowers were also collected 
from the selected sites (Fig. 1). Understanding the movement 
of heavy metals through various environmental matrices can 
enhance our comprehension of human exposure pathways. 

At each sampling point, about 1 kg of soil samples were 
taken around the apiaries within the vicinity of 7 km. Plant 
species that were commonly found around most of the sites 
were selected. Trifolium rapens, Berberis lycium, Brassica 
campestris, Bauhinia variegata, Rubinia pseudoacacia, Nar-
cissus tazeta, Melia azedarach, Anethum graveolens, Cori-
andrum sativum, and Rosa brunonii were the representative 
plant species from which flower samples were collected.

Acid Digestion of Samples

Prior to acid digestion, the bee products were homogenised, 
flowers were air dried and crushed, soil samples were sun-
dried, and then oven-dried at 80 ºC. The samples were sub-
jected to acid digestion for further examination of heavy 
metals. Briefly, one (1 g) sample of honey bee products, pine 
pollen, soil, and crushed flowers was acid digested with aqua 
regia. A sample was taken in a teflon beaker and digested 
with 12 ml of aqua regia (12 ml HCl + 4 ml  HNO3). Beak-
ers were covered with watch glasses and heated on a hot 

Fig. 1  Study area map showing sampling points in red colour
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plate for 2 h, and the temperature was gradually increased. 
Honeybee products, flowers, and pine pollen were heated at 
120 ºC for 90 min, and soil samples were heated for 4.5 h. 
The suspension and solutions were allowed to cool and fil-
tered through Whatman filter No. 42, and the volume was 
made up to 50 ml with deionized water. The concentration 
of heavy metals (Cd, Cr, Co, Cu, Pb, Ni, Zn, Fe, and Mn) 
was determined through a flame atomic absorption spectro-
photometer (AA-7000). The instrument was calibrated with 
standard solutions. The operating conditions for FAAS are 
presented in Table 1

Quality Control and Quality Assurance

Every chemical utilized in the analysis was of the analytical 
grade. The results were presented as mean concentrations 
of triplicates along with the standard deviation. By diluting 
the reference solution of each metal with ionized water, a 
standard for all metals was created, and used to evaluate 
the accuracy of atomic absorption spectrophotometry. The 
instrument was calibrated after every ten samples.

LOD and LOQ were calculated based on the standard 
deviation of blanks [24].

LOD was determined by the following equation:

LOQ was determined by the following equation:

LOD values were 0.66, 0.06, 0.17, 0.09, 0.1, 0.13, 0.02, 
0.02, 0.05 mg/kg for Fe, Zn, Mn, Co, Cu, Ni, Cr, Cd, and 
Pb. Fe, Zn, Mn, Co, Cu, Ni, Cr, Cd, and Pb had determined 
LOQ values of 1.95, 0.14, 0.45, 0.26, 0.31, 0.34, 0.05, 0.06, 
0.14 mg/kg respectively.

A recovery was conducted in order to validate the analyti-
cal procedure. The samples were analysed like real samples 

(1)LOD = Mean blank + 3.3 ∗ STDEV Blank

(2)LOQ = Mean blank + 10 ∗ STDEV Blank

after being spiked with the standards for known concentra-
tions of heavy metals.

The recovery was calculated by the following equation:

The percent average recovery for Fe, Zn, Mn, Co, Cu, 
Ni, Cr, Cd, Pb were 90, 92, 90, 90, 87, 86,90, 88, 92% 
respectively.

Health Risk Assessment

Risk assessment evaluates the potential adverse health 
effects of hazardous contaminants to determine the rate 
of exposures through assessing carcinogenicity or non-
carcinogenicity. It is conducted using scientific knowledge 
to understand the behaviour, exposure, dose, and contami-
nation levels of pollutants and their toxicity. In general, it 
depends on the amount of pollutant in the environment, the 
exposure duration, and its toxicity.

Hazard Quotient (HQ)

The HQ was used to estimate the chronic toxic risks of indi-
vidual metals using the following equation:

where ADD is the average daily metal intake (mg/kg/day) 
and RFD is the daily intake reference dose (mg/kg/day) 
interchangeably termed as TDI which is tolerable daily 
intake suggested by USEPA, RFDs for Cd, Cr, Ni, Zn, Pb, 
Cu, Co, Mn, and Fe are 0.001, 0.003, 0.02, 0.3, 0.04, 0.001, 
0.14, and 0.7 mg/kg/day respectively, and TDI for Pb is 
0.0036 mg/kg/day [25].

Average Daily Dose (ADD)

ADD was estimated by following equation:

where C is the mean heavy metal concentration in mg/kg, 
IR is the honey consumption rate in kg/person/day, which is 
0.005, and BW is the average bodyweight (67 kg, 62.3 kg, 
and 15 kg for adult males, females, and children, respec-
tively) [26]

The total chronic toxic risk of multiple metals was 
estimated by the Hazard Index (HI) using the following 
equation:

(3)%Recovery =
C(Spiked) − C(Unspiked)

C(Addedmetal concentration)
× 100

(4)HQ =
ADD

RFD

(5)ADD =
C × IR

BW

Table 1  Operating conditions for FAAS

Element Wave-
length

Lamp 
current/
mA

Slit width 
(nm)

Acetelyne 
flow L/
min

Flame type

Cr 357.9 5 0.7 2.8 Air-C2H2

Ni 232 5 0.2 1.6 Air-C2H2

Co 240.7 16 0.2 1.6 Air-C2H2

Cd 228 8 0.7 1.8 Air-C2H2

Fe 248.3 18 0.2 2.2 Air-C2H2

Zn 213.9 5 0.7 2.0 Air-C2H2

Cu 324.8 3 0.7 1.8 Air-C2H2

Pb 283 10 0.7 2 Air-C2H2

Mn 279.5 15 0.2 2 Air-C2H2
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The important point to remember about the dose additive 
is that every component is supposed to have the same critical 
target, irrespective of the mechanism.

Cancer Risk (CR)

The carcinogenic effects of Pb, Cd, Cr, and Ni were esti-
mated using the following equation.

where CR is the lifetime cancer risk known as Cancer 
Risk (CR), EDI is the estimated daily intake, and CSF is 
the Cancer Slope Factor (mg/kg/day). CSF determines the 
probability of developing cancer from the consumption of 
honey containing metals above permissible limits. The slope 
factors for Pb, Cd, Cr, and Ni are 0.0085, 0.5, 0.38, and 
1.7, respectively [27]. Cancer risk associated with multiple 
carcinogenic metals is expressed as cumulative cancer risk. 
A CR value greater than 1 ×  10–4 is considered an unaccep-
table risk of developing cancer. Where the range between 
1 ×  10–6 and 1 ×  10–4 is an acceptable range for carcinogenic 
risk [28].

Bio‑concentration Factor (BCF)

BCF is a measure of an organism's ability to accumulate 
specific substances, such as heavy metals, compared to its 
environment. It is crucial in environmental investigations, 
providing insights into potential risks and assisting in under-
standing the upward movement of pollutants in the food 
chain. Vigilant monitoring is essential for pollution man-
agement and ecosystem integrity.

BCF was calculated by the following equation:

where C is the concentration of trace metals in honey and 
flowers (mg/kg) and  Cw is the concentration of trace metals 
in the soil [29].

Metal Pollution Index (MPI)

MPI is based on the geometric mean of the heavy metal 
concentration and is a common practice for different envi-
ronmental matrices, including foods like honey [30]. The 
MPI (mg/kg) was determined using the following equation:

where  Cfn is the concentration of metal in the sample.

(6)
HI =HQPb + HQCd + HQCr + HQNi + HQCu + HQFe

+ HQZn + HQMn + HQCo

(7)CR = ADD × CS

(8)BCF =
C

Cw

(9)MPI = (Cf
1
× Cf

2
× Cf

3
×……… ..Cf n)

1∕n

Statistical Analysis

The basic data from the current study was evaluated through 
MS-Excel. ANOVA was used to assess statistical spatial dif-
ferences in the heavy metals in the honey bee products. The 
results were significant at p < 0.05. Moreover, multivariate 
statistical techniques, such as principal component analysis 
(PCA) was applied and performed with the XLSTAT 2023 
software for Microsoft Excel.. PCA was used to categorize 
heavy metals into natural and anthropogenic origins by mini-
mising variables by varimax rotation, focusing mainly on 
factors with eigenvalues exceeding 1 [15].

Results and Discussion s

Heavy Metals in Honey Bee Products

Table 2 represents the level of studied heavy metals in the 
analysed honey bee products. The concentration of Cr in all 
the indicators followed the trend: Honey > Bee wax > prop-
olis > bee pollen. Ni followed the trend (bee wax > bee 
pollen > honey > propolis), and Co followed the trend: 
Honey > bee wax > Propolis > Pollen. The acquired data 
showed that Fe and Zn were the most abundant heavy met-
als in the honey bee products, except the bee wax, which also 
showed a high concentration of Pb. Zinc is a vital mineral 
essential for maintaining a healthy immune system, protein 
production, and other bodily processes. However, high zinc 
concentrations can be toxic, causing plants to exhibit symp-
toms similar to those found in other heavy metal toxicities. 
The results of heavy metals in the current study were com-
pared with research studies conducted in other parts of the 
world (Table 3). It has been found that the Cr concentra-
tion (0.16 ± 0.003 mg/kg) in the honey of the study area 
was higher as compared to that reported in the honey of 
Algeria (0.05 mg/kg), while the concentration of Cr was 
lower than other studies conducted in Romania (1.16 mg/
kg), Nigeria (5.40–6.67 mg/kg), and Ethiopia (6.66 mg/kg). 
The Ni concentration in the honey was 0.18 ± 0.03 mg/kg, 
which was higher than reported in Romania (0.07 mg/kg). 
Zn (1.31 ± 0.9), Cu (0.14 ± 0.05), and Mn (0.05 ± 0.014) 
concentrations were less than reported in Romania and 
Algeria. Fe (1.32 mg/kg) is less than the reported concen-
tration in Algeria. The heavy metal ranges observed in bee 
wax were in line with the study in Egypt. The Cd and Pb 
concentrations in beeswax in the current study were lower 
than those in Vietnam. Ni showed less concentration in bee 
wax as compared to Pakistan and Croatia. Zn, Cu, Pb, and 
Cd in propolis exhibited less concentration than reported 
in Poland. The Fe concentration observed in propolis was 
higher, while the Cd and Mn concentrations were lower 
than the reported concentrations in Turkey. Cd and Pb in 
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bee pollen were less than compared to the concentrations 
observed in Vietnam. Cr, Fe, Zn, Cu, and Mn in bee pol-
len exhibited less concentration as compared to Turkey 
(Table 3).

The heavy metal concentrations in the analysed honey 
samples were compared with the maximum permissible lim-
its (MPLs) of 0.2 mg/kg for Cd, 1.5 mg/kg for Cr, 10 mg/
kg for Zn, 5.5 mg/kg for Mn, 3 mg/kg for Cu, 1 mg/kg for 
Pb, 0.5 mg/kg for Ni, and 15 mg/kg for Fe set by FAO/
WHO (1993) [42] The concentration of Cd, Cr, Pb, and Ni 
was exceeding the limits. The exceeding Cd, Cr, Pb, and Ni 
concentrations might be attributed to the location of the api-
ary near a roadside or traffic, exposure to fertilizers, the use 
of animal dung to smoke the hive for honey extraction, and 
the use of galvanized containers. High exposure to Cr can 
cause nose irritation, ulcers, and breathing problems, while 
long-term exposure can damage the kidney, liver, and circu-
latory systems, leading to nerve diseases and skin irritation. 
Ni in trace amounts is beneficial to humans for activating 
biological systems, while higher amounts can cause enzyme 
inactivation and nasal cavity cancer. A study in Ethiopia also 
detected heavy metals like Pb, Cr, Cd, and Ni in the honey 

and linked the addition of these heavy metals from storage 
containers, poor processing and storage, and the nearness of 
honey bee hives to highways, metal workshops, and the use 
of fertilisers in the crops [34]

There may be natural and anthropogenic sources of Ni 
in honeybee products, including the weathering of rocks, 
wind-blown dust, and stainless steel utensils used for han-
dling and storage [43]. Honeybee combs' age significantly 
impacts their Ni concentrations, ranging from 0.8 to 2.5 mg/
kg from one to five-year-olds [35]. The nectar and pollen 
from hyperaccumulative plants can contribute to the high 
concentration of Ni [44].

It is also evident from the results that the presence of 
heavy metals in all honey bee products was detected. How-
ever, the concentration of metals in honey was relatively 
higher than other products, indicating the transfer of metals 
to end products as well as contamination during handling. 
The nutrients and elements found in honey bee products play 
a significant role in biochemical processes and environmen-
tal pollution assessment [45]

Heavy metals in honey cause toxicity, risking human 
health. The accumulation of heavy metals in honey bee 

Table 2  Heavy metals 
concentration in the analyzed 
honey bee products

Metal Honey Propolis Beewax Bee pollen

Cr
  Mean 0.16 ± 0.003 0.03 ± 0.001 0.05 ± 0.01 0.01 ± 0.003
  Range 0.018–2.76 0.02–0.04 0.04–0.06 0.01–0.02

Ni
  Mean 0.18 ± 0.03 0.071 ± 0.012 0.407 ± 0.014 0.25 ± 0.01
  Range 0.001–1.43 0.05–0.07 0.06–1.48 0.11–0.32

Co
  Mean 0.12 ± 0.01 0.05 ± 0.02 0.103 ± 0.007 0.04 ± 0.002
  Range 0.01–0.51 0.01–0.08 0.05–0.16 0.01–0.06

Cd
  Mean 0.03 ± 0.007 0.02 ± 0.003 0.002 ± 0.0007 0.002 ± 0.001
  Range 0.0003–0.92 0.01–0.02 0.002–0.004 0.001–0.003

Fe
  Mean 1.32 ± 0.15 8 ± 0.91 1.31 ± 0.44 2.2 ± 0.27
  Range 0.14–11.13 4.17–14.38 0.64–3.05 1.8–2.69

Zn
  Mean 1.31 ± 0.9 1.13 ± 0.23 0.25 ± 0.04 0.75 ± 0.03
  Range 0.02–9.82 0.87–1.62 0.16–0.31 0.65–0.97

Cu
  Mean 0.14 ± 0.05 0.07 ± 0.002 0.07 ± 0.004 0.05 ± 0.003
  Range 0.01–0.72 0.04–0.15 0.05–0.12 0.04–0.05

Pb
  Mean 0.46 ± 0.013 0.13 ± 0.04 0.41 ± 0.002 0.16 ± 0.03
  Range 0.01–1.22 0.08–0.18 0.01–1.92 0.14–0.21

Mn
  Mean 0.05 ± 0.01 0.59 ± 0.003 0.115 ± 0.02 0.045 ± 0.01
  Range 0.01–0.24 0.07–3.04 0.05–0.19 0.01–0.08
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products and environmental compartments is an essential 
contributor to environmental health [46]. Some metals are 
naturally present in the environment, e.g., Cu, from vol-
canic eruptions, forest fires, and windblown dust. Co occurs 
naturally through the breakdown of organic matter and the 
weathering of local minerals into soil particles [47].

At low concentrations some metals are micronutrients but 
they may cause toxicity at higher concentration. Cu and Zn 
are essential elements for human health but high doses of 
Cu can cause liver and kidney damage, anemia and gastro-
intestinal problems. Likewise, high levels of Zn can damage 
pancreas and affect protein metabolism negatively. On the 
other hand, Heavy metals like Cd and Pb cause toxicity at a 
very low concentration leading to many diseases including 
high risk of cancer [48, 49].

Results of One-way ANOVA are displayed in the Table 4. 
Significant (p < 0.05) spatial variations in the level of heavy 
metals in the honey bee products were also exhibited except 
in case of Fe, Zn and Mn. Similarly, variations among the 
honey bee products and other components like soil, pine 
pollen and flowers were also statistically significant except 
Ni (soil), Fe (pollen), Zn (pollen) and Mn (pollen). These 
variations might be attributed to the different geography, in 
different districts as well as plant sources. For example the 
contribution of hyper accumulative metal flora can contrib-
ute to the pollution of bee products [50]. Furthermore, the 
types of honeybees, location of apiary, forage behavior and 
handling techniques are also determining factors in the vari-
ation of pollution [51, 52].

Heavy Metals in Soil, Pine Pollen and Flowers

There is a close link between the environmental conditions 
of the area and the quality of honeybee products. Table 5 
shows the mean concentration of selected heavy metals in 
the analysed pine pollen, flowers, and soil. The trend of vari-
ations of heavy metals in soil was Fe > Zn > Mn > Ni > Co > 
Cr > Pb > Cu > Cd, and pine pollen and flowers were Fe > Z
n > Mn > Pb> Co > Cr > Cu > Cd > Ni and Fe > Zn > Mn > N
i > Cu > Cr > Pb > Co > Cd, respectively. Results have indi-
cated that Fe, Zn, and Mn are the most dominant heavy met-
als, like in honey bee products. Cd was the least abundant 

metal in soil and flowers, while Ni was the least abundant 
heavy metal in the pine pollen. The study found that Cu and 
Pb concentrations remained consistent in all compartments, 
with Zn concentrations decreasing from soil to flowers. Soil 
exhibited the highest concentration of Co, followed by pine 
pollen and then flowers (Table 5).

Table 4  Results of One-way 
ANOVA ( p < 0.05) showing 
variations in the level of heavy 
metals among analyzed honey 
bee products

Indicator Cr Ni Co Cd Fe Zn Cu Pb Mn

Honey  < 0.05  < 0.05  < 0.05  < 0.05  < 0.05  < 0.05  < 0.05  < 0.05  < 0.05
Beewax  < 0.05  < 0.05  < 0.05  < 0.05 0.07  < 0.05  < 0.05  < 0.05  < 0.05
Propolis  < 0.05  < 0.05  < 0.05  < 0.05  < 0.05  < 0.05  < 0.05  < 0.05  < 0.05
Bee pollen  < 0.05  < 0.05  < 0.05  < 0.05 0.6  < 0.05  < 0.05  < 0.05  < 0.05
Pine Pollen  < 0.05  < 0.05  < 0.05  < 0.05 0.4 0.7  < 0.05 0.06 0.06
Soil  < 0.05 0.73  < 0.05  < 0.05  < 0.05  < 0.05  < 0.05  < 0.05 0.24
Flowers  < 0.05  < 0.05  < 0.05  < 0.05  < 0.05  < 0.05  < 0.05  < 0.05  < 0.05

Table 5  Mean concentration (mg/kg) of heavy metals in the pine pol-
len, flowers and soil

Metals Pine pollen Flowers Soil Soil per-
missible 
limits

Cr 100
  Mean 0.07 ± 0.002 0.14 ± 0.01 11.42 ± 2.13
  Range 0.06–0.09 0.05–0.54 6.93–15.31

Ni 50
  Mean 0.03 ± 0.004 0.29 ± 0.01 58.5 ± 2.0
  Range 0.02–0.04 0.12–0.41 37–70.8

Co 50
  Mean 0.1 ± 0.02 0.057 ± 0.02 19.2 ± 0.4
  Range 0.08–0.12 0.03–0.09 14.0–24.1

Cd 3
  Mean 0.039 ± 0.004 0.003 ± 0.0004 0.19 ± 0.03
  Range 0.02–0.06 0.002–0.01 0.02–0.38

Fe 5000
  Mean 2.59 ± 0.64 3.12 ± 0.27 539.08 ± 37
  Range 2.22 -3.1 1.45 -6.99 512.78–

546.38
Zn 300

  Mean 1.75 ± 0.21 0.95 ± 0.95 89.53 ± 3.96
  Range 1.26 -2.43 0.53–1.82 68.28–

115.85
Cu 100

  Mean 0.057–0.07 0.16–0.49 5.71 ± 0.51
  Range 0.06 ± 0.003 0.24 ± 0.03 3.45–7.52

Pb 50
  Mean 0.34 ± 0.05 0.059 ± 0.01 6.58 ± 0.2
  Range 0.03–0.92 0.01–0.1 4.86–10.64

Mn 2000
  Mean 0.43 ± 0.01 0.72 ± 0.03 66.91 ± 1.6
  Range 0.10–0.75 0.38–1.5 51.15–77.32
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The analyzed plant species showed variations in the accu-
mulation of heavy metals (Fig. 2). For instance, A. graveo-
lens has the highest quantities of Cr, Cd, and Pb. The species 
B. variegata displayed the lowest levels of Cd, Cr, and Fe. 
M. azedarach and N. tazeta showed the highest Ni concen-
trations. Moreover, the Cu concentration was best repre-
sented by N. tazeta while C. sativum exhibited the highest 
concentration of Zn. B. lyceum had the highest concentra-
tion of Mn and Co, whereas B. campestris had the highest 
concentration of Fe.

The results clearly show that soil contains more of all 
metals than pine pollen and flowers. It is evident that, the 
mean Ni concentration (58.5 mg/kg) was higher than the 
allowable limit. The weathering of rocks and inappropriate 
waste disposal are two sources of Ni pollution. As a result, 
there may be a transfer in the food chain that results in life-
threatening conditions such as illnesses, allergies, and cancer 
[53]. High metal concentrations near apiaries can cause tox-
icity in honeybee products, passing through the food chain 
and indicating environmental health risks associated with 
heavy metal ingestion [16]. In the current study, soil accu-
mulated the most heavy metals as compared to pine pollen 
and flowers, which makes it a sink for pollutants. Soil from 
different geographical regions can impact the heavy metals 
in honeybee products. Although the main sources of heavy 
metals in the soil are natural rock materials present in the 
composition of the soil, anthropogenic activities can also 
affect the level of heavy metals [16]. Changes in the quality 
of the soil in a certain area result in the contamination of 
other mediums in the environment. Even non-hyperaccumu-
lating plants can passively absorb heavy metals from the soil 
and absorb them into their nectar. Since nectar is primarily 
valued for its sugar content, even a small amount of toxicity 
can have an impact on honeybee behavior [54].

Metal Pollution Index (MPI)

MPI is an authentic tool to differentiate the combined influ-
ence of metals geographically. This indicates the cumula-
tive impacts of different sources of metals in a region [55]. 
The MPI of honey showed that district Sudhnoti showed 
the highest MPI (0.36 mg/kg), whereas Kotli showed the 
lowest MPI (0.03 mg/kg) (Fig. 3). It was also observed that 
among all the selected indicators, soil indicated the high-
est MPI, followed by honey, which is 9.25 and 1.51 mg/
kg, respectively (Fig. 4). Soil plays an important role in 
food quality and safety because it affects the composition 
of food at the root of the food chain [56]. The differences 
between the sites might be due to the different topography 
and respective agricultural and farming practices. It is evi-
dent that the mountainous northern districts displayed a 

Fig. 2  Variations in metal 
concentration in flowers of 
analyzed plant species

Fig. 3  Metal Pollution Index of honey of different districts
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higher MPI in comparison to the areas in the south. The soil 
of Azad Jammu and Kashmir is divided into three categories 
geographically, including the soils of the mountain plateau, 
mountain slope, and inter-mountainous valley, which differ 
on the basis of organic matter and agricultural practices [57] 
This difference in the formation of soil impacts the metal 
pollution index in different districts. MPI also depends on 
the climatic conditions and the types of honeybees in the 
area. Soil indicated the highest MPI, which makes it a pos-
sible source of heavy metal transfer in other compartments 
and the food chain as well.

Human Health Risk Assessment

Hazard Quotient (HQ)

The result of the health risk assessment is displayed in 
Table 6. The study computed the ADD, THQ, and HI of 
heavy metals for males, females, and children in selected 

divisions of Azad Kashmir through honey consumption. As 
illustrated in Table 7, the highest ADD was recorded for 
children depending upon their body weight less than the 
adult male and female. The daily intake of heavy metals 
in honey was compared with the Rfd or provisional toler-
able weekly intake (PTWI) for Pb as set by the US EPA 
to assess the potential health risk [58]. This ratio between 
two doses is called the health quotient (HQ). There is no 
chance of chronic toxic effects if the HQ is less than one. 
HI is the combined or cumulative chronic toxic effects of 
multiple metals in honey. The mean HQ values for heavy 
metals occupied the following decreasing order for non-
carcinogenic risk: Pb > Co > Cr > Cd > Ni > Zn > Cu > Fe > 
Mn. The total health risk index values varied from 0.01 to 
0.86 for children, from 0.001 to 0.21 for female adults, and 
from 0.001 to 0.19 for male adults, which were within the 
safe limits. Results showed that HQ and HI were below one, 
thus indicating no chronic toxic effects on health from the 
consumption of honey. A previous study in Pakistan also 

Fig. 4  Metal pollution index in 
selected indicators

Table 6  HQ and HI of heavy metals through consumption of honey

Metals HQ Male HQ Female HQ Children

Mean Min Max Mean Min Max Mean Min Max

Cd 2.24 ×  10–3 2.24 ×  10–5 6.86 ×  10–2 2.40 ×  10–3 2.41 ×  10–5 7.38 ×  10–2 1 ×  10–2 1 ×  10–4 3.06 ×  10–1

Cr 3.7 ×  10–3 4.47 ×  10–4 6.84 ×  10–2 4.02 ×  10–3 4.81 ×  10–4 7.35 ×  10–2 1.66 ×  10–2 2 ×  10–3 3.05 ×  10–1

Ni 6.71 ×  10–4 3.73 ×  10–6 5.22 ×  10–3 7.22 ×  10–4 4.01 ×  10–6 5.61 ×  10–3 3 ×  10–3 1.67 ×  10–5 2.33 ×  10–2

Zn 3.24 ×  10–4 4.98 ×  10–6 2.44 ×  10–3 3.49 ×  10–4 5.35 ×  10–6 2.62 ×  10–3 1.45 ×  10–3 2.22 ×  10–5 1.09 ×  10–2

Pb 9.53 ×  10–3 2.07 ×  10–4 8.91 ×  10–3 1.02 ×  10–2 2.22 ×  10–4 9.58 ×  10–3 4.25 ×  10–2 9.25 ×  10–4 3.98 ×  10–2

Cu 2.68 ×  10–4 1.68 ×  10–5 2.98 ×  10–4 2.88 ×  10–4 1.8 ×  10–5 3.21 ×  10–4 1.2 ×  10–3 7.5 ×  10–5 1.33 ×  10–3

Co 8.2 ×  10–3 7.4 4 ×  10–4 3.7 ×  10–2 8.82 ×  10–3 8.02 ×  10–4 4.01 ×  10–2 3.66 ×  10–2 3.33 ×  10–3 1.66 ×  10–1

Mn 2.13 ×  10–5 3.73 ×  10–5 1.27 ×  10–4 2.29 ×  10–5 4.01 ×  10–5 1.37 ×  10–4 9.52 ×  10–5 1.66 ×  10–4 5.69 ×  10–4

Fe 1.40 ×  10–4 1.49 ×  10–5 1.18 ×  10–3 1.51 ×  10–4 1.6 ×  10–5 1 ×  10–3 1 ×  10–3 6.67 ×  10–5 1 ×  10–2

HI 0.03 0.002 0.19 0.03 0.002 0.21 0.11 0.01 0.86
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found that HI and HQ for honey consumption were below 
1, showing no chronic toxic health effects to consumers [26]

Assessment of Cancer Risk (CR)

CR values were calculated for male, female adults and 
children through the consumption of Cd, Cr, Ni and Pb. 
(Table 8). CR values between 1 ×  10–6—1 ×  10–4 are con-
sidered acceptable, those below than 1 ×  10–6 are toler-
able and more than 1 ×  10–4 are intolerable [26]. The CR 
values for selected metals decreased as Ni > Cr > Cd > Pb. 
In children the maximum CR values for Cd, Cr, and Ni 
were intolerable posing cancer risk. The mean CR value 
for children was within acceptable range. Maximum 
CR value for Cd, Cr and Ni were intolerable for chil-
dren. Maximum CR value of Ni was also intolerable for 
male and female adults. The ∑CR values for adult male, 
female and children varied as 6.55 ×  10–7-2.90 ×  10–4, 

7.04 ×  10–7-3.12 ×  10−4and 2.93 ×  10–6-1.30 ×  10–3, respec-
tively. At estimated daily intake, children are at risk of 
cancer more than the male and female adults. Ni and Cr 
are two heavy metals responsible for higher CR. Ni and Cr 
in honey can be attributed to the mishandling during pro-
cessing including use of steel instruments and corrosion 
[59, 60]. Our findings are in agreement to the previous 
study in Nigeria which reported carcinogenic risk from 
Pb and Cr due to consumption of honey [11]

Bioconcentration Factor (BCF)

The results of BCF are presented in Tables  9 and 10 
revealing the sequential transfer of the studied heavy met-
als from soil to honey and soil to flower of plants. The 
trend of transfer for Bagh was in the sequence; Cd > Pb > C
u > Zn > Co > Cr > Ni > Fe > Mn, while for Haveli, Poonch, 
Sudhnoti, Mirpur it was: Cd > Pb > Cr > Zn > Cu > Co > 

Table 7  ADD (mg/kg/day) of heavy metals through honey consumption

METALS Male Female Children

Mean Min Max Mean Min Max Mean Min Max

Cd 2.24 ×  10–6 2.23 ×  10–8 6.86 ×  10–5 2.4 ×  10–6 2.4 ×  10–8 7.38 ×  10–5 1 ×  10–5 1 ×  10–7 3.06 ×  10–4

Cr 1.12 ×  10–5 1.34 ×  10–6 2.22 ×  10–4 1.20 ×  10–5 1.44 ×  10–6 2.20 ×  10–4 5 ×  10–5 6 ×  10–6 9.1 ×  10–4

Ni 1.34 ×  10–5 7.46 ×  10–8 1.04 ×  10–4 1.44 ×  10–5 8.03 ×  10–8 1.12 ×  10–4 6 ×  10–5 3.33 ×  10–7 4.66 ×  10–4

Zn 9.74 ×  10–5 1.49 ×  10–6 7.32 ×  10–4 1.04 ×  10–4 1.61 ×  10–6 7.8 ×  10–4 4.2 ×  10–5 6.66 ×  10–6 3.27 ×  10–3

Pb 3.43 ×  10–5 7.46 ×  10–7 3.20 ×  10–5 3.69 ×  10–5 8.03 ×  10–7 3.45 ×  10–5 1.5 ×  10–4 3.33 ×  10–6 1.43 ×  10–4

Cu 1.07 ×  10–5 6.71 ×  10–7 1.19 ×  10–5 1.16 ×  10–5 7.22 ×  10–7 1.28 ×  10–5 4.8 ×  10–5 3 ×  10–6 5.33 ×  10–5

Co 8.21 ×  10–6 7.46 ×  10–7 3.73 ×  10–5 8.83 ×  10–6 8.03 ×  10–7 4.01 ×  10–5 3.67 ×  10–5 3.33 ×  10–6 1.66 ×  10–4

Mn 2.99 ×  10–6 5.22 ×  10–6 1.78 ×  10–5 3.21 ×  10–6 5.61 ×  10–6 1.91 ×  10–5 1.33 ×  10–5 2.33 ×  10–5 7.97 ×  10–5

Fe 9.85 ×  10–5 1.04 ×  10–5 8.30 ×  10–4 1.05 ×  10–4 1.12 ×  10–4 8.93 ×  10–4 4.4 ×  10–4 4.67 ×  10–5 3.71 ×  10–3

Table 8  Cancer Risk (CR) of analyzed heavy metals through honey among the exposed population

Metals Male Female Children

Mean Min Max Mean Min Max Mean Min Max

Cd 1.12 ×  10–6 1.12 ×  10–8 3.43 ×  10–5 1.20 ×  10–6 1.20 ×  10–8 3.69 ×  10–5 5.0 ×  10–6 5.0 ×  10–8 1.53 ×  10–3

Cr 4.25 ×  10–6 5.12 ×  10–7 7.79 ×  10–5 4.57 ×  10–6 5.49E ×  10–7 8.39 ×  10–5 1.90 ×  10–5 2.28 ×  10–6 3.48 ×  10–3

Ni 2.28 ×  10–5 1.27 ×  10–7 1.78 ×  10–3 2.46 ×  10–5 1.36E ×  10–7 1.91 ×  10–3 1.02 ×  10–4 5.67 ×  10–7 7.93 ×  10–2

Pb 2.92 ×  10–7 6.34 ×  10–9 2.73 ×  10–7 3.14 ×  10–7 6.82 ×  10–9 2.93 ×  10–7 1.3 ×  10–6 2.83 ×  10–8 1.22 ×  10–6

∑CR 2.85 ×  10–5 6.55 ×  10–7 2.90 ×  10–4 3.06 ×  10–5 7.04 ×  10–7 3.12 ×  10–4 1.27 ×  10–4 2.93 ×  10–6 1.30 ×  10–3

Table 9  Bioconcentration factor 
(BCF) of heavy metals from soil 
to honey at the study site

Study site Cr Ni Co Cd Fe Zn Cu Pb Mn

Bagh 0.01 0.003 0.01 0.34 0.002 0.017 0.03 0.04 0.001
Haveli 0.02 0.001 0.004 0.12 0.001 0.02 0.01 0.09 0.001
Poonch 0.01 0.003 0.004 0.01 0.002 0.01 0.02 0.09 0.001
Sudhnoti 0.004 0.04 0.04 0.02 0.021 0.02 0.11 0.04 0.001
Mirpur 0.004 0.003 0.01 0.29 0.01 0.01 0.04 0.02 0.001
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Ni > Fe > Mn;Pb > Cu > Cr > Zn > Cd > Co > Ni > Fe > M
n;Cu > Pb > Ni > Co > Fe > Cd > Zn > Cr > Mn; Cd > Cu 
> Pb > Co > Zn > Fe > Cr > Ni > Mn respectively. Overall, 
among all heavy metals Cd was recorded to have highest 
BCF in three sites followed by Pb and Cu whereas, Mn 
had the least BCF values in all sites. The BCF from soil 
to flowers was lower than the soil to honey. The transfer 
of Cd, Pb and Cu in the study area from soil to honey 
showed health concern. In a study carried out in Romania, 
the highest BCF values were reported for Cd in linden 
honey was 0.023 while polyfloral honey had the highest 
BCF value of Pb which was less than the recorded high-
est values of Cd and Pb in the present study [12]. Plants 
exhibited variations in the BCF values for instance, A. gra-
veolens showed the highest BCF for Cd (0.07), N. tazeta 
indicated the highest BCF for Ni, B. campestris indicated 
highest BCF for Fe (0.01), T. officinale and R. pseudoaca-
cia indicated the highest BCF for Co whereas,the highest 
BCF for Zn and Mn was recorded in C. sativum and Ber-
beris lyceum, respectively. Overall, Cd had highest bioac-
cumulation rate as compared to other heavy metals in all 
selected flowers. This can attributed to the accumulation 
of Cd in plants from both soil and atmospheric deposi-
tion. However, the accumulation dynamics in plants are 
influenced by the type of metal present in the environment, 
the amount present in the organ, and the type of plant. 
Soil is also one of the vital compartment for the heavy 
metals movement. The migration of heavy metals in the 
soil–plant-honey bee food chain is greatly influenced by 
soil properties. The findings of our study are in agreement 
to the study conducted in North-eastern Bulgaria, reported 
that the investigated heavy metal content in honey, plant 
and soil depend on geography of the area, soil composition 
and different cultivars of melliferous flora [61]. This study 
also corroborates the findings of research in Romania, who 
reported highest BCF values for Cr and linked this Cr con-
tamination with phytosanitary activities carried out in the 
agricultural land near beehives [8].

Principal Component Analysis (PCA)

PCA is an effective tool for identifying patterns in a huge 
dataset of correlated variables. In the current study PCA was 
applied on whole dataset (Table 11). The PCA resulted in 
many components, only those components were considered 
having Eigen values >1. Analyzing data from PCA it can 
be seen that three components were resulted responsible for 
86.23% of variance in the data. PC1 was responsible for 
48.74% variations and was dominated by the positive load-
ing of Ni, Co, Cd, Fe, Zn and Cu whereas, the PC2 was 
dominated by loading of Cr and Pb and PC3 was dominated 
by the loading of Mn. It is evident from the results of the 
PCA analysis that elements in the PCI were the most impor-
tant in influencing the quality of the honey which might be 
due to natural as well as anthropogenic activities carried out 
in the study area. For instance, smoking of the beehive for 
the extraction of honey, corrosion of steel containers due to 
acidic nature of honey after prolonged storage, rock forma-
tion, galvanized steel used in the tools, wall paints, batter-
ies and leaded gasoline are the sources for these particular 

Table 10  Bioconcentration 
factor of heavy metals from soil 
to flowers of plants at the study 
sites

Flowers Cr Ni Co Cd Fe Zn Cu Pb Mn

T. rapens 0.01 0.002 0.001 0.04 0.01 0.010 0.03 0.003 0.01
B. variegata 0.01 0.01 0.002 0.03 0.003 0.01 0.03 0.01 0.01
B. campestris 0.01 0.004 0.001 0.04 0.01 0.02 0.04 0.002 0.01
B. lyceum 0.01 0.01 0.003 0.03 0.01 0.01 0.05 0.01 0.02
T. officinale 0.01 0.01 0.004 0.04 0.003 0.01 0.03 0.01 0.01
R. pseudoacacia 0.01 0.01 0.004 0.03 0.004 0.01 0.03 0.01 0.01
N. tazetta 0.01 0.01 0.003 0.04 0.01 0.02 0.09 0.01 0.01
M. azedarach 0.01 0.01 0.002 0.05 0.01 0.01 0.04 0.01 0.01
A. graveolens 0.06 0.004 0.003 0.08 0.01 0.02 0.05 0.02 0.01
C. sativum 0.02 0.01 0.001 0.03 0.004 0.02 0.05 0.01 0.01
R. brunoni 0.01 0.004 0.003 0.05 0.004 0.01 0.05 0.01 0.01

Table 11  Principle Component analysis (PCA) of all the samples

Variables PC1 PC2 PC3

Cr -0.28 0.91 -0.11
Ni 0.99 0.05 -0.03
Co 0.87 -0.21 -0.28
Cd 0.93 0.09 -0.28
Fe 0.99 0.08 0.00
Zn 0.74 0.24 -0.55
Cu 0.76 0.28 0.52
Pb -0.35 0.74 -0.28
Mn 0.09 0.52 0.83
Eigen values 4.39 1.88 1.50
Variability (%) 48.7 20.9 16.6
Cumulative % 48.7 69.6 86.2
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heavy metals in the study area [59]. In the second compo-
nent the positive loading of Pb and Cr show their anthropo-
genic source. The sources of Pb and Cr might be agricultural 
activities and cross boarder ammunition is also source of Pb. 
As the study area is near to the line of control (LOC), the 
firing from the other side frequently take place. In the PC3, 
Mn might be related to its accumulation in plants from the 
environment.

Conclusion

This study attempts to assess the quality of the environ-
ment by using honey bee products as an indicator of heavy 
metal pollution and also investigates the health risks associ-
ated with the ingestion of heavy metals through honey. The 
result of the study showed that heavy metals' existence was 
reported in all analyzed honey bee products. The concentra-
tion of Cd, Cr, Pb, and Ni exceeded the maximum permis-
sible limits in honey samples. Fe and Zn were common and 
abundant for their essential nature in all the products. Soil 
showed maximum concentration of all heavy metals however 
the detected concentration was below the permissible limits. 
The honey samples and the analyzed indicators showed spa-
tial variations in MPI. Similarly, BCF showed variations in 
the metal accumulation tendencies in the soil-honey-flower 
food chain. Health risk analysis showed that that HQ and HI 
values were below the recommended limit (< 1) however 
carcinogenic risk was observed due to Ni, Cd, and Cr in 
honey to population. It is concluded that honey bee products 
can be used as reliable indicators of heavy metal pollution 
in the region and carcinogenic risk was associated with the 
consumption of honey by population. For more realistic can-
cer risk associated with heavy metals, Honey samples should 
also be assessed for Arsenic (As) where there are potential 
natural and anthropogenic sources due to its toxicity. Regu-
lar monitoring of heavy metals in honey is recommended 
to ensure the quality of honey for the health and safety of 
consumers.
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