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Abstract 

This study was conducted to identify heavy metal pollutants using 

pollen grains as bioindicators of environmental contamination. The 

experiment was conducted on pollen grains collected from foraging 

honey bees, Apisceranafrom an industrial suburb,Peenyaand a rural 

area in Hesaraghatta in Bengaluru. Scanning electron microscopy and 

energy dispersive X-ray spectroscopy (SEM/EDS)were conducted on 

the pollen grains to detect the particulate matter and the metals present 

in them.The findings revealed a stark contrast between urban industrial 

and rural non-industrial areas. Pollen collected from urban industrial 

zone exhibited elevated levels of particulate matter, hosting heavy 

metals such as aluminium, molybdenum, mercury, chromium, nickel, 

copper, zinc, lead, and iron. In contrast, pollen from rural non-industrial 

area exhibited lower levels of particulate matter and a notable absence 

of heavy metals.Pollen grains are contaminated due to pollutants 

present in the environment. Pollutants can be found adhering to the 

pollen grains. 
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1. INTRODUCTION 
The escalating environmental contamination attributed to the presence of heavy metals has 

emerged as a significant concern in recent times, casting a pronounced impact on public 

health. The intensification of anthropogenic activities has inflicted deleterious consequences 

on humanity, as unchecked emissions from rapid industrialization and urbanization have 

evolved into a global quandary. Amidst the myriad environmental contaminants, heavy 

metals play a pivotal role, with their concentrations in the air, soil, and water displaying a 

consistent upward trajectory [1]. The presence of heavy metals can be directly quantified in 

the air, soil, or water, while alternatively; biological entities such as airborne pollen grains 

can serve as discernible indicators of pollutants. 

Pollen grains, functioning as male gametophytes in angiosperms, contribute to male gametes 

for sexual reproduction. Following anther dehiscence, pollen grains are exposed to the 

atmospheric milieu [2]. Pollen grains assume critical significance in the plant life cycle and 

bear paramount importance for humans, considering the role of angiosperms as a source of 

sustenance and diverse resources. During their journey from anther to stigma, pollen grains 

may come into contact with particulate matter (PM), with atmospheric particles adhering to 

the external wall of pollen grains, thereby inducing pollution. Both pollen and PM act as 

prevalent triggers for asthma [3]. Beyond the deleterious effects on human health, the 

attachment of particles to pollen grains can also perturb pollen germination processes. 

Pollutants are recognized to impede pollen germination, typically resulting in a reduction in 

pollen germination capability [4,5]. 

Even during transportation by bees, pollen grains remain susceptible to atmospheric 

exposure. Worker honeybees utilize a feeble electrostatic field to attract thousands of pollen 

Heavy Metals frompollution into soil, air, and water 

Pollen collected from bees in SEM/EDS showed presence of heavy 

metals 

Bee picks uppollen grains 
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grains while visiting flowers [6]. In the foraging process, honey bees amalgamate freshly 

collected pollen with nectar, packaging it into their corbiculae or pollen baskets. Pollen plays 

a pivotal role in bee colonies, providing essential nutrients such as proteins, lipids, and 

minerals for their development [7]. Bee pollen is acknowledged as a natural superfood for 

humans, attributed to its nutritional and medicinal properties [8]. The pollution of pollen by 

particulate matter containing metals directly or indirectly impacts plants, pollinators, and 

humans. 

Numerous studies have delved into the examination of pollen grains exposed to polluted 

environments. Some studies involve the direct collection of pollen from trees, subjecting 

them to polluted air, while others utilize various types of pollen collectors to gather airborne 

pollen [3]. However, there are very few studies where pollen grains have been directly 

sampled from both polluted and nonpolluted sites to investigate the deposition of particulate 

matter on them and evaluate the chemical composition of the particulate matter but still a 

commendable amount of work in this regard is scarce. Recognizing this critical gap in 

existing research, the researchers have collected pollen grains directly from pollinators like 

honey bees that can potentially serve as indicators of air pollution, particularly particulate 

matter with specific heavy metals. 

 

2. MATERIALS AND METHODS 

The study was conducted in a park in Peenya Industrial Suburb (SITE A) in Bengaluru and a 

rural area, Hesaraghatta (SITE B) on the city's outskirts. Foraging honey bees 

Apisceranawith pollen baskets were collected from both sites randomly. Bee collection was 

done between 9 am to 10 am. Bees were caught by the method described by Shivanna and 

Tandon [2]. Bees were directly collected in a clean wide-mouthed vial of suitable size of 50 

ml capacity. When the insect entered the flower, the vial was held in the mouth of the flower. 

The insect entered the vial when it was exiting the flower. The lid was immediately closed to 

prevent the escape of the bee. The bees were immobilised by placing the vials on ice.The 

pollen baskets were removed from the hind limbs. The pollen pellets were dried using silica 

gel in a desiccator. The dried pollen grains were observed under a Scanning Electron 

Microscope [9]. Particulate matter adhered to the surface of pollen grains was selected for 

Energy-Dispersive X-ray Spectroscopy (EDS) and metals and non-metals found were noted. 

The number of occurrences of metals and non-metals was taken into account in urban and 

rural sites (Table 3). A one-way ANOVA was used to compare the means.  

  

3. RESULT AND DISCUSSION 

Pollen collected from pollen baskets of bees foraging in polluted areas showed the presence 

of particulate matter as seen in Figures 1A to 1E. The EDS of these particles showed the 

presence of various metals and non-metals, as shown in Table 1. Pollen collected from rural 

areas exhibited lower levels of particulate matter shown in Figures 2F to 2I, and EDS analysis 

revealed an absence of metals in the detected particulate matter as seen in Table 2. Statistical 

analysis revealed significant difference in the means of occurrence of metals and non-metals 

in the two sites (P<0.05). The pollen grains collected from site A(urban)(M = 1.43, SD = 

0.65) compared to pollen grains collected from site B(rural) (M = 0.14, SD = 0.36) 

demonstrated significantly higher levels of metals and non-metals, p = 7 X 10
-7

.  

The corresponding EDS Spectra Reports can be found in the Appendix. It is important to note 

that silicon had not been taken into account, as it might be present due to the utilization of 

silica gel in the pollen grain processing. 

In a comprehensive investigation of site A (urban) and site B (rural), it was observed that 

pollen grains collected from site A exhibited the presence of various metals, including 

Aluminium, Molybdenum, Sodium, Calcium, Mercury, Nickel, Lead, Potassium, and non-
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metals such as Sulphur and Phosphorus. Conversely, in pollen grains collected from site B, 

the analysis revealed minimal quantities of Aluminium, Mercury, Lead, Chromium, Iron, 

Nickel, and Copper. Notably, non-metals were absent in the pollen grains from site B. This 

stark contrast underscores the impact of environmental pollution on the composition of 

pollen, highlighting the accumulation of metals in urban regions compared to their relatively 

negligible presence in cleaner rural environments. 

Pollen from urban site A contains elevated levels of metals like Aluminium, Mercury, Lead, 

and Nickel, indicative of urban pollution sources such as industry and vehicle emissions. 

Non-metals like Sulphur and Phosphorus were also present, likely from industrial and 

agricultural activities. In contrast, pollen from rural site B showed minimal metals and lacked 

non-metals, reflecting cleaner environmental conditions. This disparity underscores the 

impact of urban pollution on pollen composition, highlighting the accumulation of harmful 

pollutants in urban environments and the comparatively cleaner conditions in rural areas. 

Further understanding of differences in the deposition of particulate matter on pollen grains 

collected from different types of plants or vegetation would pave the way to a better 

understanding of pollution impacts on plants, ecosystems, and potentially human health 

through pollen-mediated pathways. 

The research on heavy metal pollution's potential effects on honey bees can give greater 

insights into how heavy metals like lead, cadmium, mercury, and arsenic impact bee health, 

leading to increased mortality, immune suppression, and developmental issues. Behavioural 

studies would elaborate on the disruption of navigation, foraging, and communication, such 

as the waggle dance, and their effects on reproductive behaviours. This kind of research can 

have a more futuristic exploration of bioaccumulation and the ecological impacts on 

pollination efficiency and biodiversity and could be a potential topic to be investigated in the 

near future. 

Non-biodegradable heavy metals acknowledged as the most hazardous and toxic pollutants, 

have proliferated in the environment due to their extensive application in various sectors like 

domestic, industrial, medical, agricultural, and technological domains. This surge has 

prompted concerns regarding their detrimental effects on the environment [10]. 

The pollen and the ovary form potential food after fertilization. If these gametophytes carry 

pollutants of any form, it would result in severe health hazards not only in humans but in all 

macro-organisms, specifically animals that rely on plants as food. The accumulation of these 

heavy metals beyond the threshold level through biomagnification would be fatal and would 

remain an obscure threat to animal diversity, consequently affecting their health and causing 

mortality. 

Several studies have been made in recent times showing the presence of heavy metals in soils 

and groundwaters of Peenya Industrial Area urban area from where we had collected pollen 

from honey bees for our studies (site A). In the case study made by [11], it was found that the 

quality of groundwater in Peenya is contaminated by industrial discharge containing heavy 

metals such as cadmium, chromium, copper, iron, lead and nickel. Many water samples 

showed heavy metals to be crossing the permissible limits. The case study also included 

testing of samples of topsoil which showed the concentration of heavy metals to be high at 

topsoil in most of the sampling stations. 

Abiotic materials used to indicate pollutants include soil and water, similarly living matter 

like pollen grains could also be used for finding the presence of pollution. Several studies 

have shown particulate matter adhered to pollen which has been collected from plants 

growing in industrial areas or from air using various sampling techniques. Pollen obtained 

from industrial areas has also shown morphological deformities along with various pollutants. 

Air pollutants can cause allergic symptoms, but when associated with allergen pollen grains, 

their allergenicity power is increased [12]. The quality and composition of particles attached 
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to pollen grains express theoretically a measure of the quality of the local and regional 

environment [13]. 

In present SEM studies, pollen grains obtained from honey bees have been used to detect 

metallic pollutants. A review of studies on bee pollen by Thakur and Nanda [8] indicates that 

bee pollen naturally contains potassium, phosphorus, calcium, magnesium, zinc and iron. The 

present SEM/EDS findings have shown metals like aluminium, mercury, chromium, 

molybdenum, nickel, lead and copper present in the particles adhered to the pollen samples. 

Analyzing the data from both Site A and Site B provided valuable insights, confirming the 

validity of assertion of the researchers that pollen grains serve as indicators of air pollution. 

When comparing the data from polluted sites with that from non-polluted sites, the pollen 

grains exhibited a substantial deposition of heavy metal particulate matter. In contrast, Site B, 

categorised as non-polluted, displays only a minimal presence of organic elements such as 

carbon and oxygen. In the pollen collected from the Site B, particulate matter was adhered to 

pollen but no significant metals were found in them.  

This supports the notion that pollen grains indeed serve as reliable indicators of air pollution. 

Pollen grains collected from the contaminated area reveal the presence of Chromium. When 

this element infiltrates or impregnates the edible portion and reaches the food web, it has the 

potential to induce toxicity, leading to various pathophysiological complications. These may 

include allergic reactions, anaemia, burns, and sores, particularly in the stomach and small 

intestine. Moreover, chromium exposure can adversely impact the male reproductive system, 

causing damage to sperm and affecting multiple biological systems [14].The ramifications of 

chromium pollution extend beyond the immediate health concerns, significantly impacting 

the water and soil environments. During rainfall, these pollen grains, laden with heavy 

metals, can be washed into nearby water bodies. This phenomenon may be identified as a 

major contributor to the global burden of cancer in humans. Specific emphasis is placed on 

the development of malignant neoplasms in the lung, liver, stomach, and genitourinary 

system [15].  

Beyond chromium, numerous other heavy metals, including Molybdenum, Mercury, Lead, 

Nickel, and Zinc, as well as non-metals such as Sulfur and Phosphorus, were identified, each 

exerting significant effects. Molybdenum, for instance, exhibits heightened gastrointestinal 

absorption in both animals and humans. Single exposure studies in animals have 

demonstrated that hexavalent molybdenum is readily absorbed from the gastrointestinal tract. 

The absorption rates range between 40% and 85% in guinea pigs, rats, and goats [16]. The 

observed health impacts of molybdenum exposure include common complaints such as joint 

pains, headaches, backaches, and nonspecific hair and skin changes [17]. 

The presence of lead deposition in pollen grains, which might potentially originate from 

vehicle and industrial exhaust, raises concerns given that lead toxicity is among the most 

perilous metal toxicities. Children, in particular, are susceptible to developing lead toxicity. 

Lead exerts its effects by instigating oxidative stress, a result of the inefficient replenishment 

of glutathione. Additionally, lead can induce hemolytic anaemia by disrupting cellular 

membranes through lipid peroxidation. The impact of lead toxicity extends to the disturbance 

of neurotransmitter levels, contributing to severe health issues linked to organ damage, some 

of which may result in fatalities [18]. 

Specific heavy metals like nickel fall into the categories of soluble and insoluble nickel 

compounds, classified as Group 1 (carcinogenic to humans) and Group 2B (possibly 

carcinogenic to humans), respectively [19].This nickel has the potential to directly enter the 

human food system through unfiltered honey obtained from polluted locations. Water-soluble 

nickel compounds, once absorbed by the lungs, are eliminated by the kidneys. They can 

induce irritation in the nose and sinuses, potentially causing the loss of the sense of smell and 

nasal septum perforation. In contrast, insoluble nickel compounds persist in the lungs for an 
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extended period and are the forms of nickel responsible for cancer development. 

Epidemiological studies have revealed increased mortality rates from lung cancer and cancer 

of nasal cavities among nickel refinery workers due to chronic exposure to nickel-containing 

dust and fumes[20]. 

A multitude of studies consistently highlight the release of sulphur compounds as by-products 

of fossil fuel combustion in vehicles and industries. Sulphur dioxide, a prominent emission 

resulting from the combustion of sulphur-containing fuels like coal and specific types of oil, 

is recognized for its adverse effects on both the environment and human health [21]. 

Scientific investigations have identified SO2 as a significant contributor to air pollution. Once 

released into the atmosphere, SO2 undergoes chemical reactions leading to the formation of 

sulphate aerosols. Inhalation of these aerosols can have detrimental effects on respiratory 

health, potentially causing or exacerbating conditions such as asthma and bronchitis [22].  

Beyond its impact on human health, sulphur compounds in vehicle exhaust play a role in the 

generation of acid rain. Sulphur dioxide, upon release into the atmosphere, reacts with water 

vapour to form sulphuric acid. This acidic precipitation falls to the ground as acid rain, 

inflicting severe consequences on ecosystems. Acid rain can negatively impact soil quality, 

water bodies, and vegetation, with extensive ecological implications [23,24].The adverse 

effects of sulphur in vehicle exhaust continue to be a central concern in environmental 

science. Mitigation efforts involve the adoption of cleaner fuel technologies, such as low-

sulphur fuels, and the integration of emission control devices in vehicles. These measures aim 

to reduce the release of sulphur compounds into the air, with the overarching goal of 

minimizing their negative impact on both the environment and human health [25]. 

Anemophilous plant pollen is more prone to cause allergies by inhalation as they are smaller 

in size and are present in the air. As entomophilous pollen grains are larger, they may not be 

directly inhaled by people. Nevertheless, contaminated bee pollen can contaminate the bee 

hives and the products obtained from bees like honey and bee pollen with harmful metals. 

More studies are required to determine the accumulation and effects of these metals in the 

bee hives. The pollen grains may also become the cause of the spread of pollutants from one 

area to another.  

4. CONCLUSION 

In the present study, the pollen grains were collected from bees; hence, the exact mode of 

contamination cannot be ascertained. The pollen may have these metals when they were 

present in the anther or may have come in contact with these pollutants in the air. Bees can 

also have been the cause of contaminating the pollen grains and it cannot be ignored The 

lethality of any form of heavy metals is evident, and one convenient method for evaluating 

pollutants is through pollen grains. They offer a less combustible and straightforward 

approach. The significance of pollen grains as indicators of the deposition of heavy metal 

cannot be disregarded. SEM studies reveal the existence of contaminants but do not provide a 

quantitative measure of their concentration. Nevertheless, the presence of particulate matter 

containing metallic pollutants on the pollen is indicative of industrial pollution in the area. 

Therefore, pollen can be deemed a bio-indicator of pollution. 
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Figures 1A to 1E: Pollen grains from SITE A, indicating the spots on which EDS was 

performed. 

Table 1. Metals found by EDS analysis of the particulate matter adhering to the pollen 

grains from SITE A. 

Figure A Metals present Non-metals present 

Spot 1 Aluminium None 

Spot 2 Molybdenum None 

Spot 3 Sodium, calcium Sulphur 

Figure B   

Spot 1 Mercury, Nickel None 

Figure C   
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Spot 3 Mercury, lead, potassium Phosphorus 

Figure D   

Spot 1 Aluminium None 

Spot 2 Mercury None 

Figure E   

Spot 4 Chromium, Iron, Nickel, Copper, Zinc None 

Spot 5 Copper, Zinc None 

 

 
Figures 2F to 2I: Pollen grains from SITE B, indicating the spots on which EDS was 

performed. 

 

Table 2. Metals found by EDS analysis of the particulate matter adhering to the pollen grains 

from SITE B. 

Figure F Metals present Non-metals present 

Spot 1 Calcium None 

Spot 2 None None 

Figure G   

Spot 1 Aluminium (negligible) None 

Spot 2 

Spot 3 

Mercury (negligible) 

Aluminium 

None 

None 

Figure H   

Spot 1 

Spot 2 

None 

None 

None 

None 

Figure I   

Spot 1 None None 

Spot 2 
Mercury, Lead, Chromium, Iron, Nickel,  

and Copper ( all negligible) 
None 
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Table 3: Recurrence of metals and non-metals pollutants on pollen grains collected from 

honey bees from SITE A (Urban) and SITE B (Rural) 

METALS AND NON-

METALS 
SITE A SITE B 

Sodium + - 

Calcium + + 

Potassium + - 

Aluminium ++ + 

Molybdenum + - 

Mercury +++ - 

Nickel ++ - 

Lead + - 

Chromium + - 

Copper ++ - 

Iron + - 

Zinc ++ - 

Phosphorous + - 

Sulphur + - 
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APPENDIX - EDS Spectra Reports 

 
FIGURE 3: EDS Spectra reports of pollen grains collected from SITE A as given in 

TABLE 1 
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FIGURE 4: EDS Spectra reports of pollen grains collected from SITE B as given in TABLE 

2 

 

 


