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Abstract
Freshwater ecosystems are increasingly facing contamination of heavy metals due to unwarranted anthropogenic activities, particularly in urban and semi-urban regions of India. The present study investigates the seasonal variation in selected heavy metal concentrations—Arsenic (As), Lead (Pb), Cadmium (Cd), Copper (Cu), Nickel (Ni), and Manganese (Mn)—in two culturally important ponds of Deoghar district, Jharkhand: Shivganga Pond and Nandan Pahar Pond, over four quarters: July 2024, October 2024, January 2025, and April 2025. Water samples were analyzed using standard APHA protocols, and the findings were compared across seasons to evaluate the degree of contamination and the potential influence of human activities such as holy dips, idol immersion, tourism, and domestic runoff.
The results revealed elevated levels of Pb (3.33–31.1 µg/L), Cu (3.98–26.55 µg/L), and Mn (0.05–0.34 µg/L) in Shivganga Pond, particularly after major religious festivals, exceeding the BIS and WHO permissible limits of 0.01 mg/L for Pb, 1.0 mg/L for Cu, and 0.1 mg/L for Mn. In contrast, Nandan Pahar Pond showed comparatively lower or undetectable levels for most metals, with Pb ranging between 3.33–31.1 µg/L and Cu between 03.98–26.55 µg/L, reflecting reduced anthropogenic pressure. Seasonal analysis indicated a statistically significant variation (p < 0.05) in heavy metal concentrations between post-festival and pre-festival periods.
The study highlights the urgent need for continuous monitoring and implementation of sustainable waterbody management strategies in religious and urban landscapes to mitigate anthropogenic contamination and safeguard aquatic ecology.
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1. Introduction
The increasing urbanization and ritualistic practices around culturally significant freshwater bodies have raised serious environmental concerns, particularly with regard to heavy metal contamination. These pollutants, even in trace amounts, pose a persistent threat due to their non-biodegradable nature, bioaccumulation potential, and long-term toxicity in aquatic systems. In India, pond ecosystems are not only vital for ecological balance but also serve as important places for social and religious activities, often bearing the brunt of anthropogenic pressures without adequate regulation or scientific monitoring. Assessment of heavy metals in various ponds of different regions of India and abroad was done by many researchers as per their relevance to those localities (Goswami and Majumdar 2016, Lawal et al., 2021, Goyal et al., 2022, Matthew Nkoom 2025).
Among various urban centers of Eastern India, Deoghar in Jharkhand is a prominent pilgrimage destination, attracting millions of devotees each year. The two key freshwater bodies—Shivganga Pond, located adjacent to the historic Baba Baidyanath Temple and Nandan Pahar Pond, a part of a hill-top recreational park—play vital roles in supporting the region’s hydrological and cultural fabric. 
The Shivganaga Pond is a sacred pond located approximately at 24.48°N 86.7° E and elevation 255m with a dimension of 244mx152mx18m is exposed to human interference in the form of holy dips in huge number during Shravan month (July-August) of Hindu religion, idol immersion, tourist wastes, sewage discharge, and surface runoff have raised concerns about the quality of water in this pond (Bhatnagar and Sangwan 2009, Dutta and Chandra 2020, Rani and Kaur 2021).
Nandan Pahar Pond is located around 24.5°N 86.7°E located at approximately same  elevation of 255m in the base of Nandan Pahar (mountain) within the Nandan Pahar Park with a dimension of 72m x 56mx 2.5m, approximately and appears rectangular and comparatively less affected by anthropogenic activities. It lies in a semi-natural recreational setting about 5 kilometers away from Deoghar and receives less urban runoff around. The pond is a perfect place for boating, swimming, fishing and picnic as well. The boundary of the pond is marked by semi-permanent stone and cemented structures that help to control erosion and maintain water level during rainfall. Pond of Nandan pahar is significant because it is almost free from pollution when compared to other ponds of this region. Its filtered water is supplied as drinking water to Deoghar and nearby localities. That is why pond has been taken as control sample. Additionally, it will also provide the status of drinking water being supplied from this source.
Heavy metals such as Lead (Pb), Arsenic (As), Copper (Cu), Cadmium (Cd), Nickel (Ni), and Manganese (Mn) often enter aquatic systems via point and non-point sources, including painted idol residues, vermillion, detergents, industrial effluents, urban waste, and household drainage. These metals can adversely affect aquatic biodiversity, alter the physicochemical properties of water, and ultimately pose serious health risks to the surrounding population relying on these water sources for ritual, recreational, or even domestic purposes (Haseena et al. 2017) .
Earlier studies across India have established a direct correlation between ritualistic waterbody usage and heavy metal loading, especially during festival seasons such as Durga Puja and Chhath. However, limited research has been conducted in Jharkhand, especially on sacred urban ponds. This research attempts to bridge this gap by conducting a seasonal assessment of heavy metal concentrations in Shivganga and Nandan Pahar ponds over a one-year cycle (Kumar and Singh 2022).
\
2. Materials and Methods:
All the experiments were carried out at CSIR – Central Mechanical Engineering Research Institute, Durgapur, recognised by West Bengal Pollution Control Board.
2.1.  Sampling Design and Duration:
Water sampling was conducted quarterly over a one-year period across the four principal seasons in the region: Monsoon (July 2024), Post-Monsoon (October 2024), Winter (January 2025) and Pre-Monsoon (April 2025). In each season, grab sampling technique was employed. Samples were collected from mid-point locations of each pond.  
2.2.  Sample Collection and Preservation:
Water samples were collected using acid-washed polyethylene bottles of 1-liter capacity. For heavy metal analysis, samples were acidified to pH < 2 using concentrated nitric acid (HNO3) immediately after collection to prevent precipitation or adsorption of metals. Samples were preserved under 4°C and transported to the laboratory for analysis within 24 hours.


2.3.  Heavy Metal Analysis
The focus of this study was on six key heavy metals known for their ecological and human health impacts: Arsenic (As), Lead (Pb), Cadmium (Cd), Copper (Cu), Nickel (Ni) and Manganese (Mn).
2.4.  Instrumentation:
Samples were filtered through Whatman No. 42 filter paper and digested using concentrated nitric acid and hydrogen peroxide. The digested samples were analyzed using Atomic Absorption Spectrophotometer (AAS, Model: PerkinElmer AAnalyst 400) in accordance with APHA, 2017 guidelines. Detection limits were established for each metal using certified reference standards and quarterly monitoring (CPCB 2008).
Triplicate samples were analyzed to ensure reproducibility. Blanks and standard reference materials were run every 10 samples to maintain analytical precision. The results were cross-verified by inter-laboratory comparison with a NABL-accredited facility.
2.5.  Data Analysis and Interpretation
 Results were compared with BIS (2012) and WHO (2017) water quality standards.   

3. Results and Discussion:
The seasonal variability of different heavy metals under consideration in Shivganga Pond and Nandan Pahar Pond was evaluated in peak months of four different seasons: July (2024)-Monsoon, October (2024)-Post Monsoon, January (2025)-Winter and April-(2025) Pre Monsoon  
Table-1. Seasonal variation in concentration (µg/L & mg/L) of heavy metals in Shivganga Pond:	
	Heavy Metals
	July 2024
	October 2024
	January 2025
	April 2025

	Arsenic (µg/L)
	0.85
	0.94
	3.002
	BDL

	Lead (µg/L)
	3.33
	31.1
	5.92
	7.24

	Copper (µg/L)
	12.50
	26.55
	BDL
	3.98

	Cadmium (µg/L)
	BDL
	BDL
	BDL
	BDL

	Nickel (µg/L)
	BDL
	BDL
	BDL
	2.53

	Manganese(mg/L)
	0.106
	0.050
	0.157
	0.340


BDL- Below Detection Limit

Table 2: Seasonal variation in concentration (µg/L & mg/L) of heavy metals in Nandan Pahar Pond:
	Heavy Metals
	July 2024
	October 2024
	January 2025
	April 2025

	Arsenic (µg/L)
	0.82
	0.25
	BDL
	BDL

	Lead (µg/L)
	2.22
	1.21
	1.69
	2.03

	Copper (µg/L)
	5.19
	5.38
	BDL
	5.54

	Cadmium (µg/L)
	BDL
	BDL
	BDL
	BDL

	Nickel (µg/L)
	0.06
	BDL
	BDL
	0.85

	Manganese(mg/L)
	0.020
	BDL
	0.026
	0.021


BDL- Below Detection Limit
3.1.  Arsenic (As) Variation and Seasonal Dynamics:
Table-1 and Figure1 show although moderate levels of arsenic (0.85–0.94 µg/L) in Shivganga Pond, it may be attributed to surface runoff from surrounding urbanized and religious activities. Increased rainfall possibly mobilized arsenic-laden sediments and contaminants from adjacent land areas besides immersion of idols and dumping of ritual wastes. A substantial spike was recorded in winter.  The reduced water volume due to evaporation and anthropogenic influence such as wastewater discharge could have led to arsenic accumulation. The increased religious footfall during Makar Sankranti and associated offerings might have contributed as well. In Pre-Monsoon month of April, Arsenic levels were found below detection limit. This reduction can be explained by dilution due to freshwater recharge or settling of particulates containing arsenic into the pond bed. Also, the absence of large-scale anthropogenic activity during this time contributed to the reduction. Despite remaining within BIS permissible limits (10 µg/L), the winter value nearing 3 µg/L is ecologically significant.
Arsenic levels were significantly lower in Nandan Pahar Pond compared to Shivganga Pond, indicating less anthropogenic input (Table 2 and Figure 1). Post-monsoon showed minor presence (0.25µg/L), possibly due to limited runoff. The BDL values in winter and pre-monsoon suggest minimal contamination and hence a more stable water body.
This stark difference between the two ponds underlines the role of human activity in influencing metal contamination. 
Arsenic toxicity in aquatic ecosystems may interfere with enzyme functions, affect microbial diversity, and impair primary productivity. Bioaccumulation through the food chain could pose long-term risks to aquatic fauna, particularly benthic organisms and fishes consumed by local populations. In eutrophic waterbodies like Shivganga Pond, arsenic might interact with phosphorus, exacerbating algal blooms.
Similar seasonal variations have been reported by Sarma et al. (2015) in urban ponds of Assam and by Kumar and Mandal (2020) in Jharkhand mining zones. The winter accumulation trend resonates with findings from Chakraborty et al. (2016) in arsenic-contaminated floodplain ponds of West Bengal. The presence of arsenic in religious water bodies has also been observed in studies by Verma et al. (2021), indicating ritual practices as contributing factors.
While arsenic levels alone were within safe limits, their presence contributes to the overall toxic load, thereby impacting the WQI negatively, particularly in the winter season for Shivganga Pond (Singh and Singh 2020). Arsenic contributes to the "Heavy Metal Pollution Index (HPI)", a component of WQI, which can downgrade the pond’s water quality from “good” to “moderately polluted.”




3.2.  Lead (Pb) Variation and Seasonal Dynamics: 
During Monsoon the Lead levels in Shivganga Pond began at 3.33 µg/L, which, though under permissible limits (BIS: 10 µg/L), indicates detectable contamination. Likely sources include urban runoff, leaching of lead-containing paints from ritualistic items and idol immersions, and vehicular deposition from adjacent roads during heavy rainfall events.
The highest concentration of lead (31.1 µg/L) was recorded during Post-Monsoon (October) (Table 1 & Figure 2), exceeding BIS and WHO guidelines by more than threefold. This dramatic increase is attributed to immersion of painted idols during festivals (e.g., Ganesh Visarjan, Durga Puja) containing lead-based dyes, low water turnover, allowing accumulation of lead in the pond bed and water column with a reduced dilution capacity leading to increase in pollutant concentration in post-monsoon. The October the value (31.1 µg/L) severely impacted the Heavy Metal Pollution Index (HMPI), a subcomponent of WQI, pushing the overall quality status of the pond into the "poor" or "very poor" category
Winter (January 2025): Lead concentration decreased to 5.92 µg/L, but was still of concern. Possible reasons may be related to settling of lead particulates, limited external inflow and reduced biological activity and degradation.


Pre-Monsoon (April 2025): Levels rose again to 7.24 µg/L, possibly due to evaporation-induced concentration, localized anthropogenic waste input and soil erosion and sediment disturbance from temple-related maintenance, however, at a limited level.
On contrary, in Nandan Pahar Pond the lead concentration was found to be quite low around 2µg/L and below BIS due to restricted anthropogenic activities as opposed to Shivganga pond (Table-2 & Fig.2). Since this pond is an important source of town water supply, it was found fit for drinking purpose, however, constant monitoring is required to eliminate the chances of lead pollution. Relatively being religiously less active pond compared to Shivganga Pond, the absence of idol immersion rituals reduces heavy metal influx.
Lead, a non-essential heavy metal, poses toxicological threats to aquatic fauna, including interference in enzymatic functions, impaired reproduction, and neurological effects. Its bioaccumulation in benthic invertebrates and fish creates a risk to human health through the food chain. 
Previously, Verma et al. (2020) reported post-monsoon spikes in lead levels in ritual ponds of Bihar and Jharkhand. Similarly changes in metal concentration were observed in freshwater ecosystems of India by anthropogenic activities (Chakraborty et al., 2018), where idol immersion led to seasonal surges in heavy metals. Das and Roy (2017) identified lead contamination in ponds used for religious purposes as a growing concern in Eastern India.
Patil et al. (2013) noted that ponds located away from urban cores and religious sites often display substantially lower heavy metal load, consistent with the findings here. Yadav and Mishra (2019) studied the water quality deterioration due to anthropogenic pressures, aligning closely with the present study. CPCB reports (2021) have highlighted that stagnant ponds in India show increased heavy metal content primarily when subjected to idol immersion and urban runoffs — activities mostly absent in Nandan Pahar Pond.



3.3.  Copper (Cu) Variation and Seasonal Dynamics:
Changes in copper concentration indicates distinct seasonal variability, with the highest copper concentration recorded in Shivganga Pond in October 2024, immediately following monsoon and the idol immersion period, and the lowest in January 2025, during winter when biological and chemical activity is reduced (Table 1 & Figure 3).
The elevated copper level in October (26.55 µg/L) can be attributed to anthropogenic activities, especially idol immersion, ritual offerings, and increased human interaction during religious festivities in the post-monsoon period. Increased input of metallic pigments, especially those containing copper compounds like copper sulfate or copper-based colors may be the reason for enhanced copper concentration in this month.
While these levels remain below the permissible limit of 1500 µg/L (BIS), they are significant enough to warrant environmental concern, as repeated seasonal copper loading may accumulate in sediments, bio-accumulate in aquatic organisms, and disrupt microbial and planktonic communities (Cairns and Dickson 1971).
The absence of detectable copper in January 2025 suggests that copper has either precipitated or adsorbed to sediments due to lower temperatures or the lack of festive activities limits metal input.
April 2025, reflects a mild resurgence in copper levels, possibly due to concentration effects during water level reduction, thermal desorption, or partial remobilization of copper from sediments (Fouodjouo et al. 2025).
Trivedi and Goel (1986) observed similar post-ritual copper spikes in sacred ponds of Varanasi. Ghosh et al. (2014) recorded copper values exceeding 20µg/L after idol immersion in urban lakes in Kolkata. Similar patterns have been observed in: Kankaria Lake, Gujarat (Patil et al., 2012). The ceremonial immersion caused post-monsoon copper spikes in Hussain Sagar, Hyderabad (Srinivas et al., 2015), where copper levels surged after Ganesh idol immersion and Rabindra Sarovar, Kolkata (Ghosh et al., 2014), where eco-restrictive policies helped reduce seasonal copper surges.
The quarterly analysis of Copper (Cu) levels in Nandan Pahar Pond reveals a relatively consistent trend with minor fluctuations across the seasons (Table-2 & Fig.3) The observed concentrations were July 2024 (Monsoon): 5.19 µg/L, October 2024 (Post-Monsoon): 5.38 µg/L, January 2025 (Winter): BDL (Below Detection Limit) and April 2025 (Pre-Monsoon/Summer): 5.54 µg/L.
However, multiple seasons accompanied with fluctuations in heavy metals highlight the need for continuous monitoring, particularly during festival seasons and post festival seasons.
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3.4.  Cadmium (Cd) Variation and Seasonal Dynamics:
 	Although cadmium has BIS acceptable limit is 3µg/L but remained below detection limit (BDL) in both ponds, indicating its very low presence in both aquatic systems (Table 1 & 2 and Figure 4).
Cadmium is a toxic heavy metal commonly associated with industrial effluents, fertilizers, battery disposal, and plastic waste leachate. Its complete absence or levels below detectable limits in both ponds suggest minimal industrial activity in the surrounding catchment, absence of major e-waste or plastic disposal sources near the ponds, effective sediment binding, geochemical buffering capacity and Low anthropogenic cadmium input from domestic or religious practices.
Kumar et al. (2022) in ponds of Ranchi reported detectable cadmium only near industrial drains. Verma & Singh (2020) in urban lakes of Bihar noted BDL cadmium in lakes away from metallurgical activities. Patil et al. (2017) observed cadmium above permissible limits in lakes near industrial belts in Maharashtra but BDL levels in sacred temple ponds.
These comparisons further support that Shivganga and Nandan Pahar ponds are free from cadmium contamination likely due to absence of industrial activity and low synthetic waste disposal in the vicinity. Since cadmium values are BDL, its contribution to WQI calculation is neutral. This enhances the overall water quality score and pushes both ponds toward “Excellent to Good” status, as far as toxic metal burden is concerned.
 However, with increasing urbanization and pilgrimage pressure, its future accumulation cannot be ruled out. Regular monitoring, eco-regulations, and public awareness will be the key to preserving these cadmium-safe ecosystems.


3.5.  Nickel (Ni) Variation and Seasonal Dynamics:
The seasonal trend of nickel in Shivganga Pond reveals a consistently undetectable concentration across three seasons, with a slight detection of 2.53µg/L during April 2025 (Table 1 & Figure 5). This suggests either intermittent and moderate or negligible input of nickel-based contaminants or mobilization due to seasonal changes.
Nickel is a trace metal essential in small quantities for some microorganisms but can become toxic in higher concentrations, especially for aquatic invertebrates and phytoplankton. In Shivganga Pond, the detected value of 2.53 µg/L is well below WHO’s permissible limit (70 µg/L) for drinking water. Hence, no immediate ecological threat is indicated, though the April 2025 spike warrants investigation of local inputs—possibly temple waste, floral offerings, or corroded metallic components of idols through metal reduction in post-oxic environment (Aind et al. 2025).
In Nandan Pahar Pond its concentrations 0.06 µg/L (July 2024) and 0.85 µg/L (April 2025) are significantly low and ecologically benign (Table 2 & Figure 5). These values suggest occurrence of nickel from natural geogenic sources (Aind et al. 2025) —possibly weathering of hill rocks or minimal anthropogenic contribution from recreational activities 
Khan et al. (2022) observed 5–9 µg/L nickel in urban lakes near ritual immersion zones. Rani & Sharma (2019) found BDL levels in protected temple ponds, correlating with limited anthropogenic activities. The April nickel detection aligns with Verma et al. (2022) who reported metal release from oxidized sediments during summer stratification.
This confirms the link between anthropogenic ritual practices and seasonal trace metal mobility in semi-urban aquatic systems. Given that both ponds exhibited nickel concentrations well within safe limits, the Nickel parameter had minimal impact on overall WQI. Since metals like Ni often bind to sediments, seasonal sediment testing is also advised.  
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3.6.  Manganese (Mn) Variation and Seasonal Dynamics:
The seasonal profile of manganese (Mn) concentration in Shivganga Pond reflects a distinct upward trend from winter to summer seasons, with the highest concentration recorded in April 2025 (0.340 mg/L) whereas lowest in October 2024 (0.050 mg/L) (Table-1 & Figure 6).
The Mn level of 0.106 mg/L in July (monsoon) is moderate and probably arises from runoff carrying soil-bound Mn compounds and minor industrial or organic inputs.   In summer (April), the peak of 0.340 mg/L can be attributed to concentration due to evaporation, organic decay, and reductive dissolution of Mn-bearing sediments, enhanced by higher temperatures and low dissolved oxygen (McCaffrey 2018). 
Foral materials and bio-waste, creating reducing environments favorable for Mn mobilization and possible inputs from painted idol fragments, metallic ornaments, or corroding iron-manganese components used in temple rituals are also supposed to be other sources of Mn. Therefore, it becomes obligatory to assess its presence especially when the water is used for drinking purpose as part of community service (Savroop et al. 2019, Alexa et al. 2023). 
The Mn concentration exceeds BIS (0.1 mg/L) and WHO (0.1 mg/L) limits for drinking water during January and April. This suggests potential risk for humans, aquatic biota, especially filter feeders, benthic invertebrates, and fish species. It may cause even adverse neurological problems including Parkinson-like symptoms (Kondakis et al. (1989).
Nandan Pahar Pond demonstrates consistently low levels of manganese, with all values well below the permissible limits (Table-2 & Fig.6). The levels fluctuate within a narrow range of BDL to 0.026 mg/L, indicating limited external loading and minimal biogeochemical mobilization. Thus, seasonal monitoring, particularly post-festival seasons is required to mitigate heavy metals pollution in both water bodies especially, Shivganga Pond.


4. Conclusion
Shivganga Pond exhibited elevated levels of several toxic metals, especially during post ritual period in winter and summer months, indicating enhanced anthropogenic activities monsoon and post monsoon periods along with some other additive factors such as sediment–water interactions, organic matter decomposition, and redox-sensitive mobilization processes. Concentrations of lead and manganese in particular exceeded permissible limits during specific quarters, raising potential ecological and public health concerns. In contrast, Nandan Pahar Pond showed relatively stable and low concentrations of most heavy metals, suggesting limited human interference and its stronger resilience against contamination.
The comparative analysis between the two ponds underscores the urgent need for sustainable water body management in religious and urban landscapes. This includes adopting eco-friendly practices during festivals, regular water quality monitoring, implementation of bio-remediation strategies, and public awareness initiatives. Strict regulations should be introduced during religious festivities and related disposal of wastes in the water body.  
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Fig 4: - Comparative Histogram of Cadmium Concentration in Shivganga pond and Nandan pahar pond
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Fig 6: - Comparative Histogram of Manganese Concentration in Shivganga pond and Nandan pahar pond
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Fig 1: - Comparative Histogram of Arsenic Concentration in Shivganga pond and Nandan pahar pond


Shivganga pond	
45474	45566	45658	45748	0.85	0.94	3.0019999999999998	0	Nandan pahar pond	
45474	45566	45658	45748	0.82	0.25	0	0	Months/Seasons

Arsenic (µg/L) 



Fig 2: - Comparative Histogram of Lead Concentration in Shivganga pond and Nandan pahar pond
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Fig 5: - Comparative Histogram of Nickel Concentration in Shivganga pond and
Nandan pahar pond
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Fig 3: - Comparative Histogram of Copper Concentration in Shivganga pond and
Nandan pahar pond




