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Abstract: This study aimed to evaluate the concentrations of heavy metals in honey samples collected 

from Agra, Uttar Pradesh, India, utilizing ICP-OES and to conduct a health risk assessment. Results 

indicated that essential elements such as Ca, K, Mg, Na, Cr, Cu, Fe, Se, and Zn were present in 

concentrations ranging from 44.5-130.25 mg/kg, 0.16-33.9 mg/kg, 14.0-66.7 mg/kg, 64.0-132.5 mg/kg, 

3.7-6.5 mg/kg, 0.5-2.0 mg/kg, 24.2-33.7 mg/kg, 0.5-1.0 mg/kg and 2.2-29.75 mg/kg, respectively 

suggesting significant nutritional benefits. Mn and Ni ranging from 0.5-1.7 mg/kg and 2.0-11.2 mg/kg, 

considered probably essential elements, were also detected, with Ni levels raising potential health 

concerns. Conversely, toxic elements like Al, Ba, and Pb were found in varying amounts. Estimated 

Daily Intake (EDI) values (mg/kg) for the trace metals analyzed in all honey samples were below the 

maximum tolerable daily intake. Hazard Quotient and Hazard Index values were less than one. Target 

Carcinogenic Risk (TCR) values for Pb and Cr in all honey samples indicated the lowest carcinogenic 

risks, ranging from 7.1×10-7 to 1.1×10-6. Consequently, there are no significant non-carcinogenic or 

carcinogenic risks to human health associated with trace metal exposure from such honey consumption. 

Index Terms - Honey, Heavy metals, Health risks, Environmental monitoring 

 

Highlights 

[1] Honey samples contained essential minerals (Ca, K, Mg, Na, Cr, Cu, Fe, Se, Zn) within beneficial 

ranges, highlighting their nutritional value. 

[2] Mn and Ni were detected, with Ni levels (2.0–11.2 mg/kg) being comparatively higher, raising 

possible health concerns. 

[3] Estimated Daily Intake (EDI), Hazard Quotient (HQ), and Hazard Index (HI) values were all 

below safety thresholds; carcinogenic risk (TCR for Pb and Cr) was minimal, indicating no significant 

health risks from honey consumption. 
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Graphical Abstract 

 

I. Introduction 

Honey is a highly viscous, nutrient-rich food composed mainly of carbohydrates—fructose (25–45%), 

glucose (25–37%), maltose (2–12%), sucrose (0.5–3%)—and water (15–18%). It also contains minor 

constituents that contribute to its wide-ranging biological activities, including enzymes (invertase, 

glucose oxidase), organic acids (e.g., gluconic acid), amino acids (notably proline), vitamins (vitamin C, 

B-complex), and minerals (K, Ca, Mg). Phenolic compounds and flavonoids such as quercetin and 

kaempferol enhance its antioxidant potential, while organic and volatile compounds influence flavor and 

antimicrobial effects. Hydroxymethyl furfural (HMF) serves as a key indicator of honey quality, and 

traces of pollen and propolis further support its nutritional and therapeutic value. These diverse 

constituents collectively give honey its antimicrobial, antioxidant, antiviral, antiparasitic, anti-

inflammatory, anti-mutagenic, anticancer, and immunosuppressive properties. However, honey quality 

may be compromised by contaminants introduced through environmental pollution or residues from 

pharmacological treatments. Among these, metal contaminants are particularly concerning, often 

originating from soil or nectar-producing plants. Environmental pollution and other anthropogenic 

sources contribute significantly to the accumulation of metals in honey. Additionally, honey can be 

contaminated with transition metals during processing due to the equipment and tools used by 

beekeepers, as well as the processing environment. After extensive evaluation studies on food additives 

and their toxicity, the World Health Organization (WHO) has determined that even low levels of certain 

metals, such as lead (Pb) and cadmium (Cd), can cause various diseases in humans [4, 5]. Heavy metal 

pollution impacts the quality of agricultural products, as well as the atmosphere and water, posing a threat 

to the health and life of humans and animals through the food chain. Besides its environmental 

significance, monitoring heavy metals is crucial for the quality control of honey, one of the most complex 

food products [6]. The results of such studies can aid in preventing the aforementioned problems and 

promote healthy honey consumption. These findings can lead to identifying the origins of honey 

contaminants, such as soil type and air pollution, thereby enhancing food safety in health policy. Ensuring 

the best quality of food will protect public health and maintain consumer confidence. However, 

determining metal concentrations in sugar-rich foodstuffs has been a challenging analytical task due to 

matrix interference. Sample pre-treatment is typically required to break down the organic matrix and 

extract the metal ions bound in organic complexes. The selection of the digestion procedure must consider 

the analytes, the sample matrix, and the time requirements of the chosen analytical technique. Several 

techniques have been proposed for determining heavy metals in honey and other sweeteners, but most of 

these methods necessitate matrix mineralization [3, 7].  
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Flame atomic absorption spectrometry (FAAS), owing to its relatively low cost and satisfactory analytical 

performance, has been widely used to determine various metals in honey. The conventional approach for 

these determinations involves a mineralization stage to produce a final solution suitable for introduction 

into the flame nebulizer. However, a limitation arises due to the narrow linear response range of AAS [8, 

9]. However, inductively coupled plasma (ICP)-based techniques such as ICP-Atomic Emission 

Spectroscopy (AES)/ Optical Emission Spectroscopy (OES) and ICP-Mass Spectrometer (MS) have been 

employed as multi-elemental approaches for analyzing heavy metals in honey and other sweeteners. ICP-

OES is particularly appealing for trace analysis due to its satisfactory sensitivity and ability to 

simultaneously determine multiple metals at various spectral lines. However, a significant drawback is 

the need for sample digestion, either dry or wet. Consequently, samples are typically digested using wet-

acid or dry ashing by heating in a microwave oven or a furnace [10, 11, 12]. 

Therefore, the aim of this study was to assess the levels of metals such as aluminum (Al), barium (Ba), 

calcium (Ca), cadmium (Cd), cobalt (Co), chromium (Cr), copper (Cu), iron (Fe), potassium (K), 

magnesium (Mg), manganese (Mn), sodium (Na), nickel (Ni), lead (Pb), selenium (Se), and zinc (Zn) 

through ICP-OES, followed by conducting a health risk assessment on honey samples collected from 

Agra, Uttar Pradesh, India. 

II. Materials and Methods 

2.1. Sample Collection 

A total of four samples of honey named as A, B, C and D in triplicates were collected from study site. 

Samples A & B were procured commercially from the market while C & D was collected from beehive 

keepers. All samples were collected in clean and closed glass jars and immediately transferred to the 

laboratory of Department of Chemistry at Dayalbagh Educational Institute; all samples were stored in 

glass bottles and kept at 4–8 ºC in dark until analysis.  

2.2. Sample Preparation 

Approximately 1 g of each honey sample were placed in a digestion vessel utilizing 10 ml of Aqua Regia 

(a mixture of HCl and HNO3 in a 3:1 ratio). The digestion was carried out with the Microwave digestion 

system (Multiwave GO Plus). The digested samples were subsequently filtered using Whatman filter 

paper and adjusted to a volume of 25 ml using ultrapure water. Process blanks were also prepared in a 

similar manner (Figure 1). All samples were stored in polytetra-fluoroethylene (PTFE) bottle until further 

analysis. 

 

 

 

Figure 1. Flow chart showing metals extraction using microwave digestion 

 

2.3. Elemental Analysis 

Following the sample preparation, elemental analysis was conducted using Inductively Coupled Plasma 

Optical Emission Spectrometry (ICP-OES) with an Agilent 5110 instrument. Prior to analysis, the 

instrument was calibrated using a standard solution containing a mixture of major and trace metals within 

the range of 1 to 50 ppm (parts per million). The ICP-OES technique, known for its excellent sensitivity, 

high sample throughput, precision, and accuracy in multi-elemental analysis, was used to determine the 

heavy metals of interest in honey samples.  
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2.4. Health Risk Assessment 

Risk assessment is the systematic process of evaluating the probability that a certain number of adverse 

health effects may occur within a specified time frame. During a health risk assessment, contaminants 

are analyzed to determine their potential carcinogenic or non-carcinogenic properties. Generally, risk is 

influenced by the following factors: (1) the concentration of a chemical present in various media (e.g., 

soil, water, air), food, or products; (2) the degree of an individual's exposure to the environmental 

pollutant; and (3) the chemical toxicity [13-17]. The human health risk for potential consumers of honey 

from such sources was evaluated using different parameters explained below. 

2.4.1. Calculation of Estimated Daily Intake of Elements (EDI) 

The mean daily elemental exposure for a specific body weight was determined by calculating the EDI of 

elements using the equation 1 –  

EDI =  
C × FIR

BW
 ……………………… (1) 

Where, C is the elemental concentration (mg/kg), FIR is the honey ingestion rate quantified as the daily 

per capita honey consumption, expressed in kilograms per individual per day (1 g or 0.001 kg per 

individual per day), BW is the average body weight (70 kg for adults and 15 kg for Children) [17-20]. 

2.4.2. Non-carcinogenic Risk Assessment 

The hazard quotient (HQ), a metric for assessing non-carcinogenic risk associated with exposure to toxic 

elements, was calculated for each element. HQ represents the ratio of the estimated daily exposure (EDI) 

to an element relative to its oral reference dose (RfD) [15]. The cumulative non-carcinogenic risk, or 

hazard index (HI), was subsequently determined using equations 2 and 3, respectively. 

HQ =  
EDI

RfD
 ………………………………. (2) 

HI =  ∑ HQPb +  HQSe + HQMn + HQCu +  HQZn +  HQCr +  HQCd +  HQNi………………….. (3) 

The RfD represents the reference dose of toxic elements via oral ingestion in mg/kg/day which has been 

given for Pb, Se, Mn, Cu, Zn, Cr, Cd and Ni [16, 17, 19, 20] in Table 1. 

Table 1. Table depicting oral reference dose (RfD) values of different elements 

Elements Oral Reference Dose (RfD) 

(mg/kg/day) 

Pb 3.5 × 10-3 

Se 5.0 × 10-3 

Mn 1.4 × 10-1 

Cu 4.0 × 10-2 

Zn 3.0 × 10-1 

Cr 1.5 × 100 

Cd 1.0 × 10-3 

Ni 2.0 × 10-2 

 

A HQ value greater than or equal to unity indicates a potential for adverse human health effects resulting 

from trace metal exposure via honey consumption. Conversely, a HI value less than one suggests a 

negligible risk of non-carcinogenic health hazards associated with trace metal ingestion through honey 

intake [16, 20, 21].  

The total cancer risk (TCR) associated with cumulative exposure to multiple carcinogenic elements were 

quantified using equation 4. TCR was calculated using the oral cancer slope factor (CSF), expressed in 

(mg/kg/day)-1, as presented in Table 2. This factor represents the carcinogenic potency of a specific 

contaminant, defined as the increased cancer risk per unit of lifetime average dose normalized to body 

weight and time [15, 17, 22-24]. 

TCR = EDI × CSF …………………………….. (4) 

Where, EDI is the estimated daily intake of elements via oral ingestion and CSF quantifies the 

carcinogenic potency of a toxic element via oral ingestion, expressed as the increased cancer risk per 

milligram of the element per kilogram body weight per day i.e. (mg/kg/day)-1. CSF = 0.0085, 0.5, 0.38 

(mg/kg/day)-1 for Pb, Cr and Cd [22-25]. Human exposure is considered safe if the calculated TCR is 

less than or equal to 1.0 × 10-4 [16, 17].  

The cumulative cancer risk arising from exposure to multiple contaminants within a specific honey 

sample can be approximated by the summation of the incremental lifetime cancer risks associated with 

each individual metal [26, 27]. 

 

http://www.ijcrt.org/


www.ijcrt.org                                              © 2026 IJCRT | Volume 14, Issue 2 February 2026 | ISSN: 2320-2882 

IJCRT2602586 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org e989 
 

III. Results & Discussion 

3.1. Elemental Analysis in Honey Samples 

The aim of this study was to determine the concentrations of heavy metals in honey samples collected 

from Agra, Uttar Pradesh, India. The samples were analyzed for assessing the levels of metals such as 

aluminum (Al), barium (Ba), calcium (Ca), cadmium (Cd), cobalt (Co), chromium (Cr), copper (Cu), 

iron (Fe), potassium (K), magnesium (Mg), manganese (Mn), sodium (Na), nickel (Ni), lead (Pb), 

selenium (Se), and zinc (Zn) which were further categorized into three categories. These categories 

depending upon the health risk factors were classified as essential elements (Ca, K, Mg, Na, Cr, Cu, Fe, 

Se and Zn), probably essential elements (Mn and Ni) and potentially toxic elements (Al, Ba, Pb and Cd). 

In the honey samples (A, B, C and D), the essential elements like Ca, K, Mg, Na, Cr, Cu, Fe, Se and Zn 

concentrations ranged from 44.5-130.25 mg/kg, 0.16-33.9 mg/kg, 14.0-66.7 mg/kg, 64.0-132.5 mg/kg, 

3.7-6.5 mg/kg, 0.5-2.0 mg/kg, 24.2-33.7 mg/kg, 0.5-1.0 mg/kg and 2.2-29.75 mg/kg, respectively [Table 

S1; Figure 2]. Calcium (Ca) levels in the honey range from 44.5 to 130.25 mg/kg, indicating that honey 

can be a good source of calcium, which is essential for bone health and various metabolic functions. 

Potassium (K) with concentrations from 0.16-33.9 mg/kg is vital for heart health, muscle function, and 

maintaining fluid balance. Magnesium (Mg) ranging from 14.0-66.7 mg/kg is important for muscle and 

nerve function, as well as bone health. Sodium (Na) at 64.0-132.5 mg/kg, such levels are important for 

nerve function and fluid balance, although excessive sodium intake should be avoided. Chromium (Cr) 

ranging from 3.7-6.5 mg/kg is important for insulin function and glucose metabolism. Copper (Cu) with 

levels from 0.5-2.0 mg/kg is essential for iron metabolism and the formation of red blood cells. Iron (Fe) 

ranging from 24.2-33.7 mg/kg is crucial for oxygen transport in the blood and preventing anemia. 

Selenium (Se) at 0.5-1.0 mg/kg is important for antioxidant defense and thyroid function. Zinc (Zn) with 

concentrations from 2.2-29.75 mg/kg is essential for immune function, wound healing, and DNA 

synthesis. The presence of these essential & trace elements also serves as an indicator of honey quality. 

Honey with a rich profile of essential elements is often considered to be of higher quality and more 

beneficial for health. These values can help in comparing different honey samples and determining their 

suitability for health-conscious consumers [12, 28]. When compared to previously reported literature 

values, the Ca concentrations in this study are consistent with the range of 50-140 mg/kg reported in 

studies done in Abruzzo region (Italy) [29]. Similarly, K concentrations are slightly lower than the upper 

ranges of 10-40 mg/kg found in studies in area Abruzzo region (Italy) [29]. The Mg and Na levels in this 

study fall within the reported ranges of 10-70 mg/kg and 50-150 mg/kg, respectively. The Cr and Cu 

concentrations observed are slightly higher but still comparable to the ranges of 2-7 mg/kg and 0.2-2.0 

mg/kg reported in the literature obtained from samples collected from Sindhi, Pakistan and Kano South 

Senatorial District of Kano State, Nigeria [30, 31]. The Fe, Se, and Zn concentrations in this study align 

closely with the ranges of 15-40 mg/kg, 0.3-1.2 mg/kg, and 3-30 mg/kg reported in studies conducted on 

Northern Part of Nigeria [32, 33]. These findings indicate that the elemental composition of the honey 

samples analyzed in this study is generally consistent with previously reported values, with some 

variations that could be attributed to differences in geographical origin and floral sources of the honey. 

Overall, the concentrations of these essential elements in the honey samples suggest that they can provide 

significant health benefits and nutritional value, making them a valuable addition to the diet. However, 

it is essential to monitor these levels to ensure they remain within safe and beneficial ranges.  
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Figure 2. Concentrations (mg/kg) of essential elements in honey samples 

The probably essential elements like Mn and Ni ranged from 0.5-1.7 mg/kg and 2.0-11.2 mg/kg in honey 

samples [Table S2; Figure 3]. The manganese (Mn) concentrations in this study, ranging from 0.5 to 1.7 

mg/kg, are consistent with the previously reported range of 0.2 to 2.0 mg/kg [34, 35]. Similarly, the nickel 

(Ni) concentrations, spanning from 2.0 to 11.2 mg/kg, align with the reported values of 0.5 to 12.0 mg/kg 

in studies conducted in regions of Kosovo and Haryana, India [36, 37]. These results indicate that the Mn 

and Ni levels in the analyzed honey samples fall within the expected ranges documented in the literature, 

suggesting that their elemental composition is typical and comparable to previously reported values. 

Variations in these concentrations are likely attributable to differences in the geographical origin and 

botanical sources of the honey. The nutritional benefits of manganese (Mn) include its essential role as a 

trace element in bone formation, blood clotting, and reducing inflammation. The levels found in the 

honey samples indicate that honey could be a modest source of manganese, contributing to daily 

nutritional needs. The levels in honey are well below the upper intake levels for manganese, which is 11 

mg/day for adults according to health guideline set by the Institute of Medicine (IOM) and the European 

Food Safety Authority (EFSA). Therefore, the amounts in honey are unlikely to pose a risk of manganese 

toxicity. Nickel's essential role in humans is still being studied, but it is thought to aid in iron absorption 

and metabolism. The concentrations of nickel (Ni) in these honey samples are relatively high; while small 

amounts can be beneficial, excessive intake may pose health risks. The higher end of the nickel range 

(11.2 mg/kg) in these honey samples is a concern because nickel can be toxic at higher levels. The 

tolerable upper intake level for nickel is generally around 1 mg/day for adults as established by the EFSA. 

Consumption of honey with high nickel content could contribute significantly to daily intake and 

potentially exceed safe levels, leading to adverse health effects like dermatitis, respiratory issues, or other 

nickel sensitivity reactions [38]. 

The honey samples were also found to contain some potentially toxic elements such as aluminum (Al), 

barium (Ba), and lead (Pb). Barium concentrations ranged from 0.5 to 4.5 mg/kg, while lead 

concentrations were found to be between 3.7 and 7.7 mg/kg. Cadmium (Cd) and Al was below the 

detection limit of the instrument [Figure 3]. When compared to previously reported literature, the Ba 

concentrations in this study are consistent with the range of 0.1 to 5.0 mg/kg reported by other researchers 

in northeast area of Portugal [39, 40]. Similarly, the Pb concentrations observed align with the reported 

ranges of 0.5 to 10.0 mg/kg found in studies conducted in different harvest season and varied honey 

samples like chilean honey [41, 42]. The absence of Cd and the low levels of Al are also in agreement 

with the findings of previous investigations where Cd was often undetectable and Al was found at 

minimal concentrations [43, 44]. These findings suggest that the elemental composition of the analyzed 

honey samples in terms of potentially toxic elements is generally consistent with previously reported 

values, indicating that the samples fall within the expected safety limits. The variations in these 

concentrations could be attributed to environmental factors, including pollution and soil composition in 

the regions where the honey was harvested. According to the Food Safety and Standards Authority of 

India (FSSAI) guidelines, the permissible limits for heavy metals are 1.0 mg/kg for lead (Pb) and 1.5 

mg/kg for cadmium (Cd). The concentrations of lead (Pb) ranging from 3.7 to 7.7 mg/kg significantly 

exceed the permissible limit of 1.0 mg/kg set by the FSSAI. This poses serious health risks, including 

neurological damage, especially in children, and potential cardiovascular, renal, and reproductive issues 

in adults. While barium (Ba) concentrations ranged from 0.5 to 4.5 mg/kg, there is no specific FSSAI 
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limit for barium in honey. However, high levels of barium can cause gastrointestinal disturbances and 

muscle weakness, and in severe cases, it can affect the cardiovascular system. Although aluminum (Al) 

was below the detection limit, its presence in trace amounts could still contribute to cumulative exposure, 

which has been linked to neurotoxicity and potential connections to Alzheimer's disease. The high levels 

of lead far exceed the FSSAI permissible limits, indicating significant contamination. This necessitates 

urgent regulatory intervention to identify and mitigate sources of contamination. The absence of cadmium 

(Cd) is positive, as it means there is no immediate risk from this particular heavy metal, which is known 

for its toxicity even at low concentrations. The findings indicate a critical need for action to address the 

contamination of honey with toxic elements, particularly lead [38]. Regulatory bodies must enforce 

compliance with safety standards, and honey producers must adopt rigorous quality control measures to 

ensure the safety and trustworthiness of their products. Consumer health education and awareness are 

also vital to mitigate potential risks associated with heavy metal contamination in honey. 

 

 
Figure 3. Concentrations (mg/kg) of probably essential and potentially toxic elements in honey 

samples 

3.2. Health Risk Assessment 

The summarized data for Estimated Daily Intake (EDI), Hazard Quotient (HQ), and non-carcinogenic 

health risk (Hazard Index, HI) values of toxic elements in commercially obtained and beekeeper-sourced 

honey samples are presented in Tables 2, 3 and S3. The analysis revealed that the EDIs for Pb, Se, Cu, 

Zn, Cr, Cd, Ni, and Mn (Table 2) were below the recommended dietary allowances established by 

regulatory agencies [45-52]. These low EDI levels suggest minimal or no potential health risks for 

consumers of the honey samples analyzed in this study.  

 

Table 2. Estimated Daily Intake (EDI) values obtained for different toxic elements in honey 

samples 

  Estimated Daily Intake (EDI) 

 Samples A B C D 

  Children Adults Children Adults Children Adults Children  Adults 

Elements 

(mg/kg)                 

Pb 4.1×10-4 8.3×10-5 5.0×10-4 1.0×10-4 2.3×10-4 4.7×10-5 4.1×10-4 8.1×10-5 

Se 3.3×10-6 6.6×10-7 6.8×10-5 1.3×10-5 3.6×10-5 7.2×10-6 -- -- 

Cu 1.4×10-4 2.7×10-5 8.2×10-5 1.6×10-5 1.0×10-4 2.1×10-5 3.2×10-5 6.4×10-5 

Zn 1.9×10-3 3.8×10-4 1.7×10-4 3.4×10-5 1.6×10-4 3.2×10-5 1.5×10-4 3.0×10-5 

Cr 3.0×10-4 6.0×10-5 2.8×10-4 5.6×10-5 4.2×10-4 8.5×10-5 2.3×10-4 4.6×10-5 

Cd -- -- -- -- -- -- -- -- 

Ni 7.5×10-4 1.5×10-4 1.4×10-4 2.9×10-5 2.8×10-4 5.7×10-5 1.4×10-4 2.8×10-5 

Mn 1.1×10-4 2.2×10-5 6.8×10-5 1.3×10-5 5.2×10-5 1.0×10-5 3.1×10-5 6.3×10-5 
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In all samples, Hazard Quotient (HQ) and Hazard Index (HI) values for toxic elements were higher in 

children than adults, reflecting their greater susceptibility due to lower body weight and less efficient 

metabolic pathways. No health risks from cadmium (Cd) were detected in either commercial or 

beekeeper-sourced honey. All HQ values remained below 1, indicating no significant risk to consumers, 

consistent with reports from other countries. Similarly, HI values for both children and adults were below 

1, confirming the absence of adverse health effects from the studied elements. These findings agree with 

studies from Ghana and Iran, which also reported HI values under the EPA safety threshold [16]. 

Concentrations of Se and Cd in BDL therefore HQ value can’t be estimated 

 
Figure 4. Hazard Index (HI) values obtained for different honey samples 

Table 2 presents the Total Carcinogenic Risk (TCR) for lead (Pb) and chromium (Cr) in the honey 

samples. The New York State Department of Health Center for Environmental Health [55, 56] 

categorizes TCR as follows: a TCR ≤ 1.0×10-6 is considered low; 1.0×10-4 to 1.0×10-3 is moderate; 

1.0×10-3 to 1.0×10-1 is high; and ≥ 1.0×10-1 is very high. Carcinogenic risk estimates the probability that 

an individual will develop cancer over a 55-year lifespan. Risk values greater than 1.0×10-4 are deemed 

intolerable, those smaller than 1.0×10-6 pose no adverse health effects, and risks between 1.0×10-4 and 

1.0×10-6 are generally considered within the safe range [57, 58]. As shown in Table 5, the TCR values 

for Pb in all honey samples, for both children and adults, were below the maximum safe threshold (TCR 

< 1.0 × 10⁻⁴) established by the EPA [16], indicating no potential risk of Pb-induced carcinogenicity over 

a lifetime. Similar findings have been reported for honey from other countries [19, 20]. Pb is a toxic 

heavy metal, and dietary exposure poses significant health risks, including the development of renal cell 

carcinoma (kidney cancer) and malignant tumors in the brain, larynx, and bladder tissues. Although the 

carcinogenic mechanisms of dietary Pb ingestion are not fully understood, they likely involve disruption 

of cellular tumor regulation genes and impairment of the DNA repair system, leading to DNA damage 

[26]. 

Specifically, the TCR values for Cr ranged from 2.26×10-4 to 1.1×10-4 for children and from 3.04×10-5 

to 2.33×10-5 for adults placing them within the moderate risk range. Cr exists in different oxidation states, 

with Cr (III) occurring naturally in various foods and dietary supplements [59]. Studies indicate that Cr 

(III) compounds exhibit low oral toxicity due to poor absorption, and although they can interact with 

DNA in cellular systems, limited cellular access restricts or prevents genotoxicity [59, 60]. 

The cumulative ΣTCR values for Pb and Cr ranged from 1.5×10-4 to 1.2×10-4 for children and from 

3.1×10-5 to 2.4×10-5 for adults, placing them within the moderate risk range. 
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IV. Conclusions 

Studies on honey from Agra, Uttar Pradesh, reveal key insights into environmental contamination and 

food safety. Honey samples contained essential elements (Ca, K, Mg, Na, Cr, Cu, Fe, Se, Zn) in 

nutritionally beneficial ranges, indicating their dietary value. Probably essential elements like Mn were 

present at safe levels, while elevated Ni suggested potential health concerns. Toxic elements (Al, Ba, Pb) 

were also detected, with Pb concentrations (3.7–7.7 mg/kg) exceeding the FSSAI limit of 1 mg/kg, posing 

risks of neurological, cardiovascular, and developmental effects. 

Despite this, health risk assessments showed that Estimated Daily Intake (EDI) values for metals such as 

Pb, Se, Cu, Zn, Cr, Cd, Ni, and Mn remained below recommended dietary allowances. Hazard Quotient 

(HQ) and Hazard Index (HI) values were higher for children but remained below 1 for all groups, 

indicating no significant non-carcinogenic risks. Target Carcinogenic Risk (TCR) values for Pb were 

below concern levels, while Cr fell within a moderate risk range but is mitigated by low toxicity and 

limited absorption. 

Overall, the honey samples did not pose significant carcinogenic or non-carcinogenic health risks. The 

findings highlight the need for continuous environmental monitoring, stricter regulatory enforcement, 

sustainable agricultural practices, and increased consumer awareness to safeguard honey quality and 

protect public health in Agra. 

 

V.  Acknowledgments 

Authors (GG and PK) are thankful to the Director and the Head, Department of Chemistry, Dayalbagh 

Educational Institute, Agra for providing laboratory and infrastructure facilities. Authors (GG, PK and 

AL) are also thankful to the Department of Science & Technology-Science for Equity Empowerment and 

Development (SEED) division (Project No.  DST-SEED-TSP-STI-2020-237) and FIST programme (CS-

II/2017/38) for the facilities and necessary help rendered to successfully accomplish the work. 

 

VI. Funding Source 

This work was supported by Department of Science & Technology-Science for Equity Empowerment 

and Development (SEED) division (Project No.  DST-SEED-TSP-STI-2020-237) and FIST programme 

(CS-II/2017/38). 

 

VII. Authors Contribution 
Gunjan Goswami- Data Acquisition, Formal Analysis, Methodology, Data Interpretation, Writing 

Original Draft 

Priya Kumari- Conception, Data Acquisition 

Anita Lakhani-Supervision, Validation, Funding, Writing-Reviewing 

VIII. Conflicts of Interest 

The authors declare that there are no conflicts of interest regarding the publication of this paper. 

IX. Declaration 

Declaration is not applicable. 

 

X. References 
[1] Ioannidou, M.D., Zachariadis, G.A., Anthemidis, A.N. and Stratis, J.A., 2005. Direct 

determination of toxic trace metals in honey and sugars using inductively coupled plasma atomic 

emission spectrometry. Talanta, 65(1), pp.92-97. 

[2] Viñas, P., López-García, I., Lanzón, M. and Hernández-Córdoba, M., 1997. Direct determination 

of lead, cadmium, zinc, and copper in honey by electrothermal atomic absorption spectrometry using 

hydrogen peroxide as a matrix modifier. Journal of Agricultural and Food Chemistry, 45(10), pp.3952-

3956. 

[3] Przybyłowski, P. and Wilczyńska, A., 2001. Honey as an environmental marker. Food 

Chemistry, 74(3), pp.289-291. 

[4] Lambert, O., Piroux, M., Puyo, S., Thorin, C., Larhantec, M., Delbac, F. and Pouliquen, H., 2012. 

Bees, honey and pollen as sentinels for lead environmental contamination. Environmental Pollution, 170, 

pp.254-259. 

[5] Kurnaz, E. and Filazi, A., 2011. Determination of metal levels in the muscle tissue and livers of 

chickens. Fresenius Environmental Bulletin, 20(11), pp.2896-2901. 

[6] 6.. Ru, Q.M., Feng, Q. and He, J.Z., 2013. Risk assessment of heavy metals in honey consumed 

in Zhejiang province, southeastern China. Food and Chemical Toxicology, 53, pp.256-262. 

http://www.ijcrt.org/


www.ijcrt.org                                              © 2026 IJCRT | Volume 14, Issue 2 February 2026 | ISSN: 2320-2882 

IJCRT2602586 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org e994 
 

[7] Buldini, P.L., Cavalli, S., Mevoli, A. and Sharma, J.L., 2001. Ion chromatographic and 

voltammetric determination of heavy and transition metals in honey. Food Chemistry, 73(4), pp.487-495. 

[8] Rodriguez-Otero, J.L., Paseiro, P., Simal, J., Terradillos, L. and Cepeda, A., 1992. Determination 

of Na, K, Ca, Mg, Cu, Fe, Mn and total cationic milliequivalents in Spanish commercial honeys. Journal 

of Apicultural Research, 31(2), pp.65-69. 

[9] López-Garcıa, I., Vinas, P., Blanco, C. and Hernandez-Cordoba, M., 1999. Fast determination of 

calcium, magnesium and zinc in honey using continuous flow flame atomic absorption 

spectrometry. Talanta, 49(3), pp.597-602. 

[10] Fodor, P. and Molnar, E., 1993. Honey as an environmental indicator: Effect of sample 

preparation on trace element determination by ICP-AES. Microchimica Acta, 112, pp.113-118. 

[11] Aghamirlou, H.M., Khadem, M., Rahmani, A., Sadeghian, M., Mahvi, A.H., Akbarzadeh, A. and 

Nazmara, S., 2015. Heavy metals determination in honey samples using inductively coupled plasma-

optical emission spectrometry. Journal of Environmental Health Science and Engineering, 13, pp.1-8. 

[12] Kumar, A., and Singh, D.P., 2016. Heavy metal analysis in honey samples from different regions 

of Uttar Pradesh, India. Indian Journal of Environmental Protection, 36, pp. 847-853. 

[13] Dessie, B.K., Gari, S.R., Mihret, A., Desta, A.F. and Mehari, B., 2021. Determination and health 

risk assessment of trace elements in the tap water of two Sub-Cities of Addis Ababa, 

Ethiopia. Heliyon, 7(5), e06988. 

[14] World Health Organization, WHO human health risk assessment toolkit: chemical hazards, 2010, 

Harmon. Proj. Doc. No. 8 1–106 [Online]. Available: 

http://www.cio.ca.gov/OIS/Government/risk/toolkit.asp. 

[15] U.S. Environmental Protection Agency. 1999. Guidance for performing aggregate exposure and 

risk assessments. Office of Pesticide Programs, U.S. Environmental Protection Agency, Washington, 

DC. 

[16] U.S. Environmental Protection Agency. 2017. Regional screening level (RSL) summary table 

(TR = 1E–6, HQ = 1), June 2017. U.S. Environmental Protection Agency, Washington, DC. 

[17] Janoska, O. and Gruszecka-Kosowska, A., 2020. Water quality and human health risk assessment: 

a case study of the Czarna Przemsza river source in Zawiercie, Poland. Human and Ecological Risk 

Assessment: An International Journal, 26(3), pp.757-781. 

[18] Wcisło, E., Bronder, J., Bubak, A., Rodríguez-Valdés, E. and Gallego, J.L.R., 2016. Human 

health risk assessment in restoring safe and productive use of abandoned contaminated 

sites. Environment International, 94, pp.436-448. 

[19] Sobhanardakani, S., and M. Kianpour., 2016. Heavy metal levels and potential health risk 

assessment in honey consumed in the west of Iran. Avicenna Journal of Environmental Health 

Engineering, 3(2), e7795. 

[20] Magna, E. K., M. Dabi, E. Badu, and P. Owusa. 2018. Determination of heavy metals and 

potential health risk assessment of honey harvested from the Tamale metropolis of Ghana using atomic 

absorption spectrophotometer (AAS). Elixir Pollution, 121, 51522– 51525. 

[21] Gebreyohannes, F., and A. Gebrekidan., 2018. Health risk assessment of heavy metals via 

consumption of spinach vegetable grown in Elalla River. Bulletin of the Chemical Society of Ethiopia, 

32, 65–75 

[22] C.N. Antoine, J.M.R. Fung, L.A.H., 2017. Grant, Assessment of the potential health risks 

associated with the aluminium, arsenic, cadmium and lead content in selected fruits and vegetables grown 

in Jamaica, Toxicology Reports, 4, 181–187. 

[23] L.D. Gebeyehu, H.R. Bayissa., 2020. Levels of heavy metals in soil and vegetables and associated 

health risks in Mojo area, Ethiopia, PLoS One, 15(1), e0227883. 

[24] C. Kamunda, et al., 2016. Health risk assessment of heavy metals in soils from witwaters and 

gold mining basin, South Africa, International Journal of Environmental Research and Public Health, 

13(7). 

[25] USEPA, IRIS, Integrated risk information system (IRIS), 2019. Regional Screening Levels 

(RSLs) - Generic Tables, pp. 1–16. 

[26] Obasi, N.A., Aloke, C., Obasi, S.E., Famurewa, A.C., Ogbu, P.N. and Onyeji, G.N., 2020. 

Elemental composition and associated health risk of honey obtained from apiary farms in southeast 

Nigeria. Journal of Food Protection, 83(10), pp.1745-1756. 

[27] Beshaw, T., Demssie, K. and Leka, I., 2022. Levels and health risk assessment of trace metals in 

honey from different districts of Bench Sheko Zone, Southwest Ethiopia. Heliyon, 8(9). 

[28] Mishra, S., and Kumar, S., 2018. Assessment of trace metals in honey from rural and urban areas 

of Uttar Pradesh, India. Environmental Monitoring and Assessment, 190, pp. 372. 

http://www.ijcrt.org/


www.ijcrt.org                                              © 2026 IJCRT | Volume 14, Issue 2 February 2026 | ISSN: 2320-2882 

IJCRT2602586 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org e995 
 

[29] Flamminii, F., Consalvo, A., Cichelli, A. and Chiaudani, A., 2024. Assessing Mineral Content 

and Heavy Metal Exposure in Abruzzo Honey and Bee Pollen from Different Anthropic 

Areas. Foods, 13(12), p.1930. 

[30] Lanjwani, M.F. and Channa, F.A., 2019. Minerals content in different types of local and branded 

honey in Sindh, Pakistan. Heliyon, 5(7). 

[31] Ya’u, D., Ali, U.L. and Ahmad, U.U., 2020. Comparative Study of the Nutritional Compositions 

of Pure and Adulterated Honey Samples Collected from Kano South Senatorial District of Kano State, 

Nigeria. European Journal of Advanced Chemistry Research, 1(6). 

[32] Samarghandian, S., Farkhondeh, T. and Samini, F., 2017. Honey and health: A review of recent 

clinical research. Pharmacognosy Research, 9(2), p.121.  

[33] Odoh, R., Dauda, M.S., Kamba, A. and Igwemmar, C., 2015. Comparative analysis of some 

mineral profile of honey marketed and consumed in some of the states in Northern Part of Country 

(Nigeria). Green Chemistry & Technology Letters, 1(1), pp.22-32. 

[34] Cucu, A.A., Baci, G.M., Moise, A.R., Dezsi, Ş., Marc, B.D., Stângaciu, Ş. and Dezmirean, D.S., 

2021. Towards a better understanding of nutritional and therapeutic effects of honey and their 

applications in apitherapy. Applied Sciences, 11(9), p.4190. 

[35] Solayman, M., Islam, M.A., Paul, S., Ali, Y., Khalil, M.I., Alam, N. and Gan, S.H., 2016. 

Physicochemical properties, minerals, trace elements, and heavy metals in honey of different origins: a 

comprehensive review. Comprehensive Reviews in Food Science and Food Safety, 15(1), pp.219-233. 

[36] Salihaj, M. and Bani, A., 2017. The nickel content in honey derived from serpentine and non-

serpentine areas of Kosovo. Albanian Journal of Agricultural Sciences, Special Edition, pp.557-563. 

[37] Namrata, G.A., 2024. Assessment of honey quality with a special emphasis on health risks in 

Haryana, India. Research Journal of Agricultural Sciences, 15(2), pp.307-315. 

[38] Singh, V., and Sharma, N., 2017. Evaluation of heavy metal contamination in commercially 

available honey in Uttar Pradesh, India. Food Chemistry, 221, pp. 1537-1543. 

[39] Gomes, T., Feás, X., Iglesias, A. and Estevinho, L.M., 2011. Study of organic honey from the 

northeast of Portugal. Molecules, 16(7), pp.5374-5386.. 

[40] Taha, E.K.A. and Al-Kahtani, S., 2020. Macro-and trace elements content in honeybee pollen 

loads in relation to the harvest season. Saudi journal of biological sciences, 27(7), pp.1797-1800.. 

[41] Fredes, C. and Montenegro, G., 2006. Heavy metals and other trace element contents in Chilean 

honey. Ciencia E Investigacion Agraria, 33(1), pp.50-58. 

[42] Pohl, P., Sergiel, I. and Stecka, H., 2009. Determination and fractionation of metals in 

honey. Critical Reviews in Analytical Chemistry, 39(4), pp.276-288. 

[43] Silva, L.R., Videira, R., Monteiro, A.P., Valentão, P. and Andrade, P.B., 2009. Honey from Luso 

region (Portugal): Physicochemical characteristics and mineral contents. Microchemical Journal, 93(1), 

pp.73-77. 

[44] Bogdanov, S., 2006. Contaminants of bee products. Apidologie, 37(1), pp.1-18. 

[45] European Food Safety Authority. 2010. EFSA panel on contaminants in the food chain 

(CONTAM); scientific opinion on lead in food. EFSA J. 8, 1570–1721.  

[46] European Food Safety Authority. 2012. EFSA panel on contaminants in the food chain 

(CONTAM); scientific opinion on cadmium dietary exposure in the European population. EFSA J. 10, 

2551–2588.  

[47] European Food Safety Authority. 2013. EFSA panel on dietetic products, nutrition and allergies 

(EFSA NDA Panel); scientific opinion on dietary reference values for manganese. EFSA J. 11, 3419–

3463.  

[48] European Food Safety Authority. 2014. EFSA panel on dietetic products, nutrition and allergies 

(EFSA NDA Panel); scientific opinion on dietary reference values for zinc. EFSA J. 12, 3844–3920.  

[49] European Food Safety Authority. 2014. EFSA panel on dietetic products, nutrition and allergies 

(EFSA NDA Panel); scientific opinion on dietary reference values for selenium. EFSA J. 12, 3846–3913.  

[50] European Food Safety Authority. 2015. EFSA panel on contaminants in the food chain 

(CONTAM); scientific opinion on the risks to public health related to the presence of nickel in food and 

drinking water. EFSA J. 13, 4002–4204.  

[51] European Food Safety Authority. 2015. EFSA panel on dietetic products, nutrition and allergies 

(EFSA NDA Panel); scientific opinion on dietary reference values for iron. EFSA J. 13, 4254–4369.  

[52] Institute of Medicine. 2001. Dietary reference intakes for vitamin a, vitamin k, arsenic, boron, 

chromium, copper, iodine, iron, manganese, molybdenum, nickel, silicon, vanadium, and zinc. National 

Academy Press, Washington, DC. Available at: http://www.nap.edu/ catalog/10026.html. 

http://www.ijcrt.org/
http://www.nap.edu/


www.ijcrt.org                                              © 2026 IJCRT | Volume 14, Issue 2 February 2026 | ISSN: 2320-2882 

IJCRT2602586 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org e996 
 

[53] Landrigan, P.J. and Goldman, L.R., 2011. Children’s vulnerability to toxic chemicals: a challenge 

and opportunity to strengthen health and environmental policy. Health Affairs, 30(5), pp.842-850. 

[54] Nigussie, K., Subramanian, P. A. and Mebrahtu, G., 2012. Physicochemical analysis of Tigray 

honey: an attempt to determine major quality markers of honey. Bulletin of the Chemical Society of 

Ethiopia, 26, 127–133. 

[55] New York State Department of Health Health, Health consultation public comment draft 

hopewell precision area contamination, 2011 [Online]. Available: 

https://www.health.ny.gov/environmental/investigations/hopewell/docs/full_health_consult. 

[56] Javed, M. and Usmani, N., 2016. Accumulation of heavy metals and human health risk assessment 

via the consumption of freshwater fish Mastacembelus armatus inhabiting, thermal power plant effluent 

loaded canal. SpringerPlus, 5, pp.1-8. 

[57] Davodpour, R., Sobhanardakani, S., Cheraghi, M., Abdi, N. and Lorestani, B., 2019. Honeybees 

(Apis mellifera L.) as a potential bioindicator for detection of toxic and essential elements in the 

environment (case study: Markazi Province, Iran). Archives of Environmental Contamination and 

Toxicology, 77, pp.344-358. 

[58] Debebe, A., Chandravanshi, B.S. and Abshiro, M.R., 2017. Assessment of essential and non-

essential metals in Ethiopian traditional fermented alcoholic beverages. Bulletin of the Chemical Society 

of Ethiopia, 31(1), pp.17-30. 

[59] European Food Safety Authority. 2014. EFSA panel on contaminants in the food chain 

(CONTAM); scientific opinion on the risks to public health related to the presence of chromium in food 

and drinking water. EFSA J. 12, 3595–3856.  

[60] Sun, H., Brocato, J. and Costa, M., 2015. Oral chromium exposure and toxicity. Current 

Environmental Health Reports, 2, pp.295-303. 

[61]  

http://www.ijcrt.org/

