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Abstract - India, with its rich cultural and religious heritage, observes idol immersion in water bodies as a widespread practice. 

However, this practice frequently results in serious environmental problems, such as heavy metal contamination, water pollution, 

and ecological imbalance in rivers and other aquatic ecosystems. To address these issues, the current study intends to evaluate 

the effectiveness of artificial idol immersion ponds as a sustainable remedy to mitigate the adverse environmental impact of idol 

immersion in rivers during Indian festivals in the Itanagar Capital Complex Region of Arunachal Pradesh, India. Water samples 

were taken from direct idol immersion in the Dikrong river at Doimukh town during the Vishwakarma Puja and artificial Idol 

immersion Pond at Jullang town during Durga Puja. The samples were collected in three distinct phases: before, during, and 

after the immersion. The key factors such as pH, hardness, Biochemical Oxygen Demand (BOD), Dissolved Oxygen (DO), 

Chemical Oxygen Demand (COD), Total Dissolved Solids (TDS), turbidity, temperature, and some heavy metals like lead (Pb), 

arsenic (As) mercury (Hg), and cadmium (Cd) were analyzed. The findings revealed that Idol immersion in the river significantly 

impacts the water quality of the Dikrong River, especially through elevated levels of pH, BOD, and heavy metals such as lead 

and mercury, all of which exceeded permissible limits. The study also revealed that the artificial Idol immersion ponds for 

the Durga Puja festival celebration had less impact on the Dikrong River than the direct immersion of the idol in the Dikrong 

River during the Vishwakarma Puja celebration by containing pollutants in controlled environments, allowing for easier waste 

management and minimizing ecological disruptions. 
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1. Introduction 
Idol immersion is one of the most popular cultural and 

religious practices observed throughout different regions 

globally, especially in India, where it is considered an 

important part of festivals such as Vishwakarma Puja, Ganesh 

Chaturthi, Durga Puja, and Kali Puja. Vishwakarma Puja and 

Durga Puja festivals are mainly celebrated in Northeastern 

India, particularly in Arunachal Pradesh. These days, crafted 

idols made of plaster of Paris, clay, and other materials are 

offered and worshipped for days before being finally 

immersed in water bodies, in the sense of immersing the god 

in mother nature. This is a culturally and spiritually relevant 

practice while enhancing environmental problems, primarily 

on water quality, where these idols are immersed [1]. Such 

practices degrade the quality of the water, leading to less 

utility, posing health issues among humans and animals and 

threatening aquatic survival based on the survivability of such 

ecosystems [1-3]. The materials that have been used in the 

preparation of these idols comprise paints and other decorative 

products. It also includes harmful contaminants like mercury, 

lead, and cadmium [4, 5]. Studies have also reported that 

heavy metals dominate water bodies even after idol immersion 

[6]. When these idols are submerged in water, harmful 

substances like heavy metals are released into aquatic habitats, 

thereby deteriorating the water quality [7, 8]. The research was 

done by Ujjania et al. [9] and Bengani et al. [10], which 

highlights the immediate effects of idol submersion activities 

in the water resulting from an increase in turbidity, a change 

in pH values, and an elevation in the Chemical Oxygen 

Demand (COD) and Biochemical Oxygen Demand (BOD) in 

water. Also, they found that in the long run, these harmful 

effects may pile up from these pollutants, damaging aquatic 

life and the whole ecosystem. Tomar and Upadhyay [11] and 

Reddy and Kumar [12] explored the effects of idol immersion 

in the Yamuna River in Delhi. They reported that post-

immersion lead and mercury levels exceeded the World 

Health Organization's permissible limit of 0.1 and 0.005mg/l, 

respectively, which shows a direct linkage between the 

submersion of religious idols with poor quality water. In the 

highly populous urban areas, where watersheds are already 
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overwhelmed with water pollutants and overused, 

urbanization and the expanding sizes of such festivals have 

added environmental stressors to watersheds [13]. Available 

literature confirms that these practices of idol immersion 

negatively impact water quality. It releases heavy metals, 

organic and inorganic pollutants, and other toxic substances 

into aquatic ecosystems. So, more research is required to 

investigate the possible sustainable alternatives and develop 

policies that balance cultural practices while keeping the 

environment unharmed. Future studies should focus on long-

term supervising and implementing sustainable practices. 
Some of the recent environmental concerns led other 

researchers to seek greener alternatives to these traditionally 

used idols. Bhattacharya et al. [1] and Shukla et al. [14] have 

examined the use of eco-friendly materials such as clay, 

natural dyes, and biodegradable paints in idol-making. The 

results showed that using these materials as immersion 

practices has reduced the environmental footprint without 

losing the cultural and religious values of events. These 

findings have yet to be implemented because of a lack of 

awareness and regulatory enforcement. Kapoor [15] has 

asserted strong policy frameworks and community 

participation in advocating sustainable materials and specified 

immersion locations. Conducted studies across a couple of 

Indian cities proved that stringent regulation and public 

participation played an imperative role in furthering minimum 

environmental damage at the immersion of idols. 

 

Even though research from other regions of the nation 

shows that idol submersion activities have negative impacts 

on water bodies, such as pollution from metallic pollutants, 

changes in the chemistry of the water, and ecological 

disturbance, no systematic study has been done to determine 

the scope and type of these effects in this study area. 

 

 
Fig. 1 Study area 

 

The studies that have already been done on river pollution 

during Indian festivals mostly focus on the negative effects of 

idol immersion, like heavy metal pollution and deteriorating 

water quality in India's main rivers. However, no study has 

thoroughly assessed artificial idol immersion ponds' 

effectiveness as a long-term way to reduce river pollution. 

 

This study focuses on the Dikrong River in the Itanagar 

Capital Region, India, and examines the effects of direct river 

immersion and artificial immersion ponds on water quality in 

a novel way. The current study closes a significant gap in the 

literature by addressing both environmental and cultural 

factors and offering a workable, scalable strategy for lowering 

river pollution. 

 

Therefore, this study examines the efficacy of artificial 

idol immersion ponds in reducing the direct contamination of 

natural water bodies. The current research also focuses on 

evaluating the consequence of idol submersion on the Dikrong 

River's water condition under the Itanagar capital region of 

Arunachal Pradesh, India. With analyses of the most critical 

parameters related to water quality pre-events, at the time of 
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events, and post-immersion in its phases, this research tries to 

explain the environmental consequences related to idol 

immersion. In general, the outcomes shall enrich the debate 

over sustainable practices at festivals and eventually act as a 

basis for decision-making for regulations and social 

mobilization in future endeavors aimed at urban water source 

sustainability. 

 

2. Materials and Method 
2.1. Study Area 

Arunachal Pradesh is the largest states of the northeastern 

states of India, positioned in the middle of latitudes 26.28°N 

and 29.30°N and longitudes 91.20°E and 97.30°E, the state 

spans 83,743 square kilometers. Within Arunachal Pradesh, 

the study was conducted in two study areas under the capital 

complex region Itanagar, i.e., the Doimukh and Jullang areas 

(see Figure 1). Doimukh, located in the Papum Pare district of 

Arunachal Pradesh, covers an area of approximately 24 square 

kilometers. Jullang is a small town situated at Itanagar, the 

capital region of Arunachal Pradesh, India. It is a part of the 

Itanagar Capital Complex, situated in the Papum Pare district, 

approximately 10-12 km from the heart of Itanagar. It is 

nestled in the region's hilly terrain, surrounded by lush 

greenery typical of Arunachal Pradesh. The Dikrong River is 

among the important rivers of Arunachal Pradesh. It originates 

in the hills of eastern Himalaya of the Papumpare district of 

Arunachal Pradesh and plays an important river tributary of 

The Brahmaputra River.This river passes through these two 

study areas. This water body is a significant site for idol 

immersion during festivals such as Viswakarma Puja and 

Durga Puja, attracting large numbers of devotees. 

  

2.2. Site Selection 

The water sample for the study was collected from 

the Dikrong River at two different idol immersion sites within 

Itanagar Capital Complex, Arunachal Pradesh, India. The first 

water sample analysis was done from the immersion site of 

the Dikrong River, located in Doimukh town during 

Viswakarma Puja in September 2024, a naturally flowing 

river shown in Figure 2. The second water sample analysis 

was done from an artificial immersion pond constructed by 

IMC (Itanagar Municipal Corporation), Arunachal Pradesh, 

India, at the bank of the Dikrong River at Jullang town during 

the Durga Puja festival in October 2024, shown in Figure 3. 

This artificial immersion pond was specially constructed for 

the Durga Puja festival. The pond was built on the bank of 

the Dikrong River with a length of 25m, a breadth of 15m, 

and a depth of 2m approximately. The bed of the pond was 

covered with HDPE (High-Density Polyethylene) Liners to 

prevent seepage of water from the pond to the river. 

 
Fig. 2 Idol immersion site at Dikrong River, Doimukh town, during the 

Viswakarma Puja celebration 

 

 
Fig. 3 Artificial idol immersion site, Jullang town, during Durga Puja 

celebration 

 

2.3. Methodology 

Water samples were gathered 1 hour before and after the 

idol immersion activities and during the idol immersion at 

three distinct time points of two festivals, i.e. Viswakarma 

Puja in September 2024 and Durga Puja in October 2024 

(Table 1). Sampling locations were strategically chosen to 

cover different zones of the water body, i.e. Upstream or 

Control Site, Immersion Zone, and Downstream or Dispersal 

Zone. The important factors such as DO, temperature, pH, 

hardness, and TDS were measured on the site (Figure 4). The 

rest of the factors, such as Turbidity, BOD, COD, and metallic 

pollutants (Pb, Cd, Hg, As), were measured in the 

Environmental Engineering Laboratory of Civil Engineering 

department, Northeastern Regional Institute of Science and 

Technology, Nirjuli, Papumpare District, Arunachal Pradesh, 

India following the standard methods. 

Table 1. The geographic coordinates, festival associations, and immersion methods for selected idol immersion sites 

Immersion Site Festival 
Coordinates 

(Decimal Degree-Lat, long) 
Idol Immersion Method 

Jullang Town Durga Puja 
27.1442°N, 

93.7540°E. 
Artificial Idol Immersion Ponds 

Doimukh Town 
Viswakarma 

Puja 

27.06722°N, 

93.63023°E 
Direct Idol Immersion into Natural Water Body. 
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Fig. 4 Analysis of water sample (pH, hardness, DO, TDS) on-site before 

idol immersion 

Contaminants like cadmium, Lead, Arsenic, and mercury 

have been selected in the present study based on their 

persistence, toxicity, bioconcentration properties, and 

anthropogenic contributions related to idol immersion. These 

metals are released into rivers with immersion and are 

extensively used in paints, decorative coatings, and synthetic 

dyes that pose grave dangers to both aquatic environments and 

humans [16]. The primary contaminant is lead (Pb), 

principally resulting from idol paints and decorative materials. 

Pb is a known neurotoxin that bio-accumulates in sediments 

and bio-magnifies in aquatic organisms and surpasses the safe 

limit of 0.01 mg/L for WHO post-immersion [17] and often 

reaches 0.5 mg/L. Likewise, methylmercury (CH3Hg) is 

formed in waters by Hg pre-existing in metallic paints and 

varnishes and bioaccumulates in fish, causing neurological 

diseases. Hg levels after immersion studies have been as high 

as 0.02 mg/L, exceeding the WHO limit (0.001 mg/L)[18, 19]. 

Cadmium (Cd) (commonly in pigments and polymer 

stabilizers) induces nephrotoxic and ototoxic effects and is a 

well-known carcinogen that continues to build up in sediments 

[20]. The WHO has set guideline limits lowest to 0.003 mg/L, 

but river monitoring shows the value as high as 0.1 mg/L post-

wash. Arsenic (As) present in idol dyes and gold leaf 

decorations impairs aquatic photosynthesis and leads to 

devastating health issues such as cancer and neurological 

disorders [21]. The study also reported that arsenic 

concentrations from rivers subject to multiple immersions 

were greater than 0.05 mg/L, above the WHO limit of 0.01 

mg/L [4]. 
 

3. Results and Discussion 
The water quality at the two immersion sites, i.e. 

Doimukh town during the Viswakarma Puja celebration and 

Jullang town during the Durga Puja celebration, were 

analyzed before, during, and post-submersion to determine the 

consequences of idol immersion activities. The concentrations 

of the various parameters are shown in Table 2. The summary 

of the changes observed for various parameters is presented 

below.  

 
Table 2. Concentration of various parameters at both idol immersion sites 

 
3.1. Dissolved Oxygen (DO) 

The percentage of oxygen found in water, known as 

Dissolved Oxygen (DO), is essential to aquatic life's survival 

and the stability of ecosystems. DO levels are greatly 

influenced by factors like water flow, temperature, and the 

breakdown of organic matter. Hypoxia caused by low DO can 

impact aquatic health and biodiversity. Ecological 

conservation and water quality management depends on DO 

monitoring [22, 23]. DO levels declined during immersion at 

both sites compared to pre-immersion values (see Figure 5). 

In Doimukh, DO dropped from 6.5 mg/l to 5.6 mg/l during 

immersion, followed by a slight increase to 5.8 mg/l post-

immersion. These levels are marginally acceptable for 

maintaining aquatic life, but the drop suggests stress during 

the immersion event. In Jullang, the decline was more 

pronounced, from 5.2 mg/l before immersion to 4.8 mg/l 

during immersion, with a small recovery to 5.0 mg/l post-

immersion. The drop below 5 mg/l during immersion indicates 

Direct Idol Immersion Site, Doimukh Town Artificial Idol Immersion Site, Jullang Town 

Parameters 
Pre-

Immersion 

During 

Immersion 

Post-

Immersion 

Pre-

Immersion 

During 

Immersion 

Post-

Immersion 

DO (mg/l) 6.5 5.6 5.8 5.2 4.8 5 

pH 6.8 8.8 7.6 8.1 8.8 8.6 

Temperature (°C) 27 28.2 28 29.5 31.2 30 

TDS (mg/l) 46.4 50.4 38.2 135 223.6 180.02 

Hardness (mg/l) 88.47 121.41 112.62 76.52 110.92 80.42 

Turbidity (NTU) 5.87 11.4 7.5 7.24 20.64 12.26 

BOD (mg/l) 5.8 7.3 4.3 12 16.25 11.32 

COD (mg/l) 16.25 35.42 26.65 15.25 28.5 24.25 

Pb (mg/l) 0.003 0.005 0.004 0 0.011 0.009 

Cd (mg/l) 0 0 0 0 0 0 

Hg (mg/l) 0 0 0 0 0.014 0.012 

As (mg/l) 0 0 0 0 0 0 
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potential stress on the aquatic ecosystem. The drop in DO is 

likely due to the organic load introduced into the water during 

idol immersion, which promotes microbial activity and 

oxygen consumption.  
 

 
Fig. 5 Graphical representation of dissolved oxygen 

 

3.2. pH 

Aquatic ecosystems depend heavily on pH because it 

affects the solubility and bioavailability of heavy metals and 

minerals. Water's acidic or basic property is measured, 

ranging from 0 to 14, where 7 is considered neutral. Excessive 

acidic or alkaline pH values can damage aquatic life by 

interfering with physiological functions and leading to stress 

or death. Maintaining the health of aquatic ecosystems and 

evaluating the water quality depend on pH monitoring [24, 

25]. Both sites showed an increase in pH levels during 

immersion. Doimukh experienced a significant rise from 6.8 

to 8.8, indicating that the water became more alkaline and 

exceeded the Bureau of Indian Standards (BIS) drinking water 

safe allowable limits of 8.5, likely due to the materials used in 

idol construction, which may contain alkaline substances.  

 

Fig. 6 Graphical representation of pH 

Post-immersion, the pH in Doimukh stabilized at 7.6. 

Similarly, in Jullang, the pH rose from 8.1 pre-immersion to 

8.8 during immersion and slightly decreased to 8.6 post-

immersion (see Figure 6). Elevated pH levels can disrupt 

aquatic ecosystems and affect species sensitive to pH 

fluctuations. 
 

3.3. Temperature 

Temperature is a key parameter in river water quality, 

influencing aquatic ecosystems and human health. The World 

Health Organization (WHO) reports that temperature affects 

dissolved oxygen levels, microbial activity, and the toxicity of 

pollutants, impacting water quality and ecosystem stability 

[19]. Elevated temperatures can lead to oxygen depletion, 

increasing the risk of hypoxia and affecting aquatic life [26]. 

However, there is no standard limit set for the temperature in 

terms of water quality. The water temperature increased 

slightly during immersion at both sites. Doimukh showed a 

rise from 27°C to 28.2°C, while Jullang recorded an increase 

from 29.5°C to 31.2°C during immersion (see Figure 7). This 

increase in temperature could be attributed to the influx of 

large groups of people at the immersion site. During the time 

of post-immersion, the temperature decreased but remained 

higher than pre-immersion values, at 28°C in Doimukh and 

30°C in Jullang. 

 
Fig. 7 Graphical representation of temperature 

 

3.4. Total Dissolved Solids (TDS) 

TDS quantifies the concentration of biodegradable and 

non-biodegradable substances dissolved in water, affecting 

water quality and appropriateness for different applications. 

Increased TDS levels may impact aquatic ecosystems and 

human health and can be caused by natural sources, industrial 

discharges, or agricultural runoff. TDS in drinking water, the 

United States Environmental Protection Agency 

(USEPA)suggests a secondary maximum contamination 

threshold of 500 mg/L to preserve aesthetic quality [27]. 

Similarly, TDS concentrations under 1,000 mg/L are deemed 

appropriate for consumers by the World Health Organisation. 
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TDS must be regularly monitored to guarantee water quality 

and stop environmental deterioration[28, 29]. The TDS levels 

increased during immersion in both locations (see Figure 8). 

In Doimukh, TDS rose from 46.4 mg/l before immersion to 

50.4 mg/l throughout the immersion but dropped to 38.2 mg/l 

post-immersion. Jullang also increased from 135 mg/l before 

immersion to 223.6 mg/l while immersing, followed by a 

decrease to 180.02 mg/l post-immersion. Higher TDS during 

immersion can be attributed to the introduction of solids and 

materials from idols and offerings. 
 

 
Fig. 8 Graphical representation of TDS 

 

3.5. Hardness 

Water quality and its suitability for different uses are 

greatly influenced by water hardness, which is mainly 

determined by the proportion of calcium and magnesium ions. 

High hardness levels can cause scale to build in industrial 

equipment and pipes, which lowers productivity and raises 

maintenance expenses. On the other hand, low-hardness water 

could be more corrosive and might potentially leach metals 

from plumbing systems. To maintain ideal water quality for 

residential and commercial use and stop infrastructure 

deterioration, water hardness must be effectively managed 

[30].  

 
Fig. 9 Graphical representation of hardness 

Hardness levels increased significantly during immersion 

at both sites. Doimukh's hardness increased from 88.47 mg/l 

before immersion to 121.41 mg/l throughout the immersion, 

while Jullang saw a rise from 76.52 mg/l to 110.92 mg/l 

respectively. The hardness remained elevated post-immersion, 

though it decreased to 112.62 mg/l in Doimukh and 80.42 mg/l 

in Jullang (see Figure 9). Increased hardness could be a result 

of the dissolution of materials from idols containing calcium 

and magnesium. 

 

3.6. Turbidity 

Turbidity, which indicates the concentration of suspended 

particles, including clay, silt, biodegradable materials, and 

microbes, is a crucial metric in the evaluation of water quality. 

High turbidity levels may indicate pollution or pathogen 

infection and can hinder photosynthesis in aquatic 

environments by reducing light penetration. Turbidity 

monitoring is crucial for maintaining ecological health and 

water safety [31]. Turbidity levels exceeded the BIS 

permissible limit of 5 NTU during and after immersion at both 

sites. At Doimukh town during the Viswakarma puja festival, 

Turbidity rose from 5.87 NTU pre-immersion to 11.4 NTU 

during immersion, then decreased to 7.5 NTU post-immersion 

(See Figure 10). 

 

 
Fig. 10 Graphical representation of turbidity 

 

Both during and post-immersion turbidity levels 

exceeded the permissible limit, which can affect aquatic 

biodiversity by reducing light penetration and promoting 

sedimentation. At Jullang town during the Durga Puja festival 

celebration, Turbidity increased sharply from 7.24 NTU pre-

immersion to 20.64 NTU during immersion, reducing to 12.26 

NTU post-immersion. These high turbidity levels indicate 

substantial input of suspended particles, which could lead to 

long-term sedimentation issues. 

 

3.7. Biochemical Oxygen Demand (BOD) 

Monitoring BOD is crucial for evaluating water quality 

and controlling pollution in freshwater systems. BOD 
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measures the quantity of dissolved oxygen microorganisms 

need to break down bio-degradable substances in water. 

Elevated BOD levels indicate significant organic pollution, 

which can deplete oxygen and harm aquatic life. Elevated 

BOD concentrations are frequently linked to anthropogenic 

sources, such as industrial emissions, combined sewer 

overflows, and domestic and livestock waste [32]. BOD levels 

rose significantly during immersion in both immersion sites, 

indicating an increased organic load in the water (see Figure 

11).  

 

Doimukh showed an increase from 5.8 mg/l in the event 

of pre-immersion to 7.3 mg/l throughout the immersion, then 

dropped to 4.3 mg/l post-immersion. Jullang exhibited a more 

drastic change, with BOD increasing from 12 mg/l to 16.25 

mg/l during immersion, followed by a decrease to 11.32 mg/l 

post-immersion. Elevated BOD levels suggest that idol 

immersion introduces biodegradable organic matter, which 

can deplete oxygen as it decomposes. 

 

 
Fig. 11 Graphical representation of BOD 

 

3.8. Chemical Oxygen Demand (COD) 

The concentration of oxygen needed to oxidize 

chemically, both bio-degradable and non-biodegradable in 

water, is measured by the Chemical Oxygen Demand (COD). 

Higher concentrations of oxidizable elements, which can 

reduce dissolved oxygen and negatively impact aquatic life, 

are indicated by elevated COD levels. COD monitoring is 

crucial to evaluate water quality and the possible 

environmental effects of wastewater discharges[33].  

 

The COD levels also increased during immersion, 

reflecting the introduction of chemical pollutants. Doimukh 

showed an increase from 16.25 mg/l in the event of pre-

immersion to 35.42 mg/l throughout the immersion, followed 

by a decrease to 26.65 mg/l post-immersion. Jullang recorded 

an increase from 15.25 mg/l before immersion to 28.5 mg/l 

throughout the immersion, dropping to 24.25 mg/l post-

immersion (see Figure 12). This indicates the contamination 

of non-organic and organic compounds in the water during 

immersion activities. 

 

 
Fig. 12 Graphical representation of COD 

 

3.9. Heavy Metals 

Heavy metals are elements characterized by high atomic 

weights and densities, such as cadmium, lead, mercury, and 

arsenic, that can be harmful to living beings, even in small 

amounts. These metals can build up in water bodies because 

of both man-made activities like mining operations, industrial 

discharges, and agricultural runoff, as well as natural 

processes like rock weathering and volcanic activity.  

 

The ability of heavy metals to build up in organisms and 

biomagnify down the food chain makes elevated 

concentrations of these metals in water a serious threat to 

aquatic ecosystems and human health [34]. The lead 

concentration increased from 0.003 mg/l pre-immersion to 

0.005 mg/l when immersed and slightly reduced to 0.004 mg/l 

post-immersion at the Doimukh town immersion site (see 

Figure 13). All values are below the Bureau of Indian 

Standards (BIS) permissible limit of 0.01 mg/l, suggesting that 

while lead contamination increased due to idol immersion, it 

did not exceed the regulatory threshold [35].  

 

But at the artificial immersion site of Jullang, Lead was 

not detected pre-immersion (0 mg/l), but it spiked to 0.011 

mg/l during immersion and decreased to 0.009 mg/l post-

immersion (see Figure 14). During immersion, the lead 

concentration slightly exceeded the BIS permissible limit 

(0.01 mg/l), but post-immersion values fell below the 

permissible limit.  

 

While the increase in lead concentration during 

immersion at both sites suggests contamination from idol 

materials, only Jullang's water exceeded the BIS limit during 

immersion. Though the post-immersion concentrations 
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dropped below the limits, even these low levels can 

accumulate in the environment and pose long-term health 

risks. Lead is harmful even at low concentrations, particularly 

for aquatic life and human health, as it can cause neurological 

and developmental issues [16, 36]. Both arsenic and cadmium 

could not be detected in all water samples from Doimukh and 

Jullang during the entire immersion stages. 

 

 
Fig. 13 Heavy metals concentration at doimukh town sampling site 

 

 
Fig. 14 Heavy metals concentration at jullang town sampling site 

 

The absence of cadmium and arsenic contamination is a 

positive outcome. Both metals are highly toxic, and their lack 

of detection suggests that the materials used in these idols do 

not contain these hazardous substances. However, the focus 

on lead and mercury remains crucial, as they still present 

significant risks despite the absence of these two metals. The 

analysis of water quality parameters at the idol immersion 

sites in Doimukh Town (Viswakarma Puja) and Jullang Town 

(Durga Puja) (see Table 3) shows notable differences in 

physicochemical characteristics, raising potential 

environmental issues. The temperature, an important factor for 

aquatic ecosystems, was significantly higher in the artificial 

immersion pond at Jullang (mean: 30.23°C) compared to 

Doimukh (mean: 27.73°C), which could result in lower 

Dissolved Oxygen (DO) levels. In line with this, DO levels at 

Jullang (5.0 mg/l) were lower than those at Doimukh (5.97 

mg/l), indicating increased organic pollution and microbial 

activity in the artificial pond. The pH levels at Jullang (8.5) 

were slightly more alkaline than at Doimukh (7.73), likely due 

to the dissolution of idol materials after immersion.  

 

The concentration of Total Dissolved Solids (TDS) was 

significantly higher at Jullang (179.54 mg/l) compared to 

Doimukh (45 mg/l), suggesting a greater presence of dissolved 

ions and pollutants. Additionally, hardness levels were lower 

at Jullang (89.28 mg/l) than at Doimukh (107.5 mg/l), which 

may be linked to variations in local water sources and 

geological conditions. The turbidity levels at Jullang (13.38 

NTU) were also higher than at Doimukh (8.25 NTU), 

indicating increased suspended solids and decreased water 

clarity, likely due to the dissolution of idol materials. 

Assessing pollution caused by organic materials through 

chemical and biochemical oxygen demand highlights the 

greater pollution load at Jullang.  

 

The BOD and COD levels at Jullang (13.19 mg/l and 

22.67 mg/l, respectively) were notably higher than those at 

Doimukh (5.8 mg/l and 26.11 mg/l, respectively), indicating 

increased organic matter decomposition and microbial activity 

in the artificial pond. Heavy metal analysis also showed 

concerning results, with lead (Pb) levels slightly elevated at 

Jullang (0.0066 mg/l) compared to Doimukh (0.004 mg/l), 

likely due to idol paints and coatings. Mercury (Hg) was found 

only at Jullang (0.0045 mg/l), suggesting possible 

contamination from idol decorations, while Cadmium (Cd) 

and Arsenic (As) could not be detected at either site.  

In summary, the artificial immersion pond at Jullang 

demonstrates significantly higher pollution levels than the 

direct immersion site at Doimukh, with increased turbidity, 

organic matter, and heavy metal contamination. However, 

through the concentration and containment of pollutants in a 

controlled environment, artificial idol immersion ponds 

successfully prevent direct contamination of the Dikrong 

River.  

The greater levels of organic matter, turbidity, Total 

Dissolved Solids (TDS), and heavy metal deposition in these 

ponds require routine treatment and waste management 

techniques to stop long-term environmental deterioration. 

Although the dilution effect of the running river resulted in 

relatively reduced contamination levels at the direct 

immersion site at Doimukh, town during the Viswakarma Puja 

celebration, the pollutants were immediately released into the 

Dikrong River, posing a serious ecological hazard to aquatic 

life and water quality.
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Table 3. Descriptive statistics of both the idol immersion site 

 

4. Conclusion 
Artificial immersion ponds are an ideal and nature-

friendly option to alleviate the problems associated with idol 

immersion into natural water bodies. Such controlled systems 

can result in pollution prevention, water quality management 

and respect for cultural traditions. However, in addition to 

their environmental benefits, artificial ponds have far-

reaching impacts, making them scalable models for 

sustainable religious and community practices in other regions 

facing similar ecological pressures.  

 

To maximize their effectiveness, a well-defined policy 

framework is essential. Governments and local authorities 

should create clear guidelines for ponds' construction, 

maintenance, and waste disposal after immersion. 

Incorporating artificial ponds into urban planning can further 

enhance their long-term sustainability. Moreover, engaging in 

the community is vital for successful implementation. Public 

awareness campaigns, educational programs, and 

participatory initiatives can foster wider acceptance, while 

partnerships with local artisans to promote biodegradable 

idols can help strengthen eco-friendly traditions.  

 

These outcomes draw attention to the need for strict 

controls on idol materials and the promotion of sustainable 

alternatives to minimize the environmental issues due to 

religious practices. Additionally, the study found that using 

artificial ponds for idol immersion can help mitigate the 

contamination of natural water bodies like rivers. A detailed 

analysis of the graph representation shows that concentrations 

of contamination were higher in the artificial immersion site 

at Jullang town during the Durga Puja festival than in the 

immersion site at the natural river immersion site during 

the Viswakarma Puja festival at Doimukh town.  

 

The higher Contamination at Jullang town is the basic 

technique of pollution abatement in the artificial pool 

constructed by IMC, i.e., to concentrate and contain. After 

the idol immersion period is over, the authority has segregated 

the waste generated from the immersion activity, and these 

wastes are carried to the municipal solid waste management 

plant for further processing. Whereas in the case of Doimukh 

town, the direct contamination value was less than the 

contamination value of the Jullang immersion site. But the 

contamination was directly disposed of into the river.  

 

So, from the overall analysis, it was found that the 

artificial idol immersion site during the Durga Puja festival 

celebration had no impact on the Dikrong river compared to 

the direct idol immersion in the river at Doimukh town during 

the Viswakarma Puja festival. Thus, the artificial immersion 

pond constructed by IMC is working effectively. Therefore, it 

is recommended that artificial idol immersion be used as a 

sustainable solution to decrease the direct contamination of 

river water during the Indian festivals associated with idol 

immersion in rivers.  

 

In conclusion, though idol immersion is integral to 

cultural and religious festivities, its environmental cost is 

highly dangerous. By adopting sustainable practices like 

artificial immersion ponds, encouraging the use of available 

biodegradable materials to construct idols, and strengthening 

regulatory frameworks, cultural traditions and water 

ecosystems' health can be preserved.  

Direct Idol Immersion Site at Doimukh Town During Viswakrma 

Puja Celebration 

Artificial Idol Immersion Pond at Jullang 

Town During Durga Puja Celebration 

Parameters 
Descriptive statistics Descriptive statistics 

Min Max Mean Min Max Mean 

DO (mg/l) 5.6 6.5 5.966667 4.8 5.2 5 

pH 6.8 8.8 7.733333 8.1 8.8 8.5 

Temperature (°C) 27 28.2 27.73333 29.5 31.2 30.23333 

TDS (mg/l) 38.2 50.4 45 135 223.6 179.54 

Hardness (mg/l) 88.47 121.41 107.5 76.52 110.92 89.28667 

Turbidity (NTU) 5.87 11.4 8.256667 7.24 20.64 13.38 

BOD (mg/l) 4.3 7.3 5.8 11.32 16.25 13.19 

COD (mg/l) 16.25 35.42 26.10667 15.25 28.5 22.66667 

Pb (mg/l) 0.003 0.005 0.004 0 0.011 0.006667 

Cd (mg/l) 0 0 0 0 0 0 

Hg (mg/l) 0 0 0 0 0.014 0.00867 

As (mg/l) 0 0 0 0 0 0 
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Future research should aim at Conducting longitudinal 

studies of artificial ponds vis-à-vis traditional water body 

immersions so that the differential impacts on the pollution of 

waters, health of ecosystems, and biodiversity can be 

quantified. Exploring the innovative designs for ponds that not 

only enhance containment of pollutants but also improve 

treatment efficiency and the ease of idols' eco-friendly 

disposal. Studies on social acceptability, behavioral barriers, 

and cultural factors driving the adoption of artificial 

immersion ponds. 

 

Acknowledgements 
The authors would like to acknowledge and sincerely 

thank the organizing committee of the International 

Conference on Computer-Aided Modeling for the Sustainable 

Development of Smart Cities (CAMSSC), sponsored by the 

Anusandhan National Research Foundation (ANRF), held at 

the Department of Civil Engineering, North Eastern Regional 

Institute of Science and Technology (NERIST), Nirjuli, 

Arunachal Pradesh, India, during November 27–30, 2024, for 

allowing us to present the paper and sponsoring the paper for 

publication.  

References 
[1] S. Bhattacharya et al., “Effects of Idol Immersion on the Water Quality Parameters of Indian Water Bodies: Environmental Health 

Perspectives,” International Letters of Chemistry, Physics and Astronomy, vol. 20, no. 2, pp. 234-263, 2014. [Google Scholar] [Publisher 

Link] 

[2] Harshal M. Bachhav, and D. M. Sapkal, “Effects on the Water Quality Parameters of Water during Ganesh Idol Immersion,” International 

Journal of Advanced Research in Science, Communication and Technology, vol. 2, no. 4, pp. 214-218, 2022. [CrossRef] [Publisher Link] 

[3] A. Waheed Rashid et al., “Qualititative Investigation of Pollutants Water by Different Methods at Tea Garden, Shinkiari,” Moroccan 

Journal of Chemistry, vol. 20, no. 4, pp. 330-342, 2014. [CrossRef] [Google Scholar] [Publisher Link] 

[4] Kausik Kumar Das, Tanuja Panigrahi, and R.B. Panda, “Idol Immersion Activities Cause Heavy Metal Contamination in River 

Budhabalanga, Balasore, Odisha, India,” International Journal of Modern Engineering Research, vol. 2, no. 6, pp. 4540-4542, 2012. 

[Google Scholar] [Publisher Link] 

[5] Mukerjee Aniruddhe, “Religious Activities and Management of Water Bodies: A Case Study of Idol Immersion in the Context of Urban 

Lakes Management,” International Water History Association, vol. 3, no. 3, 2005. [Google Scholar] [Publisher Link] 

[6] Sonal Manohar, Chhotu Jadia, and Madhusudan Fulekar, “Impact of Ganesh Idol Immersion on Water Quality,” Indian Journal of 

Environmental Protection, vol. 27, no. 3, p. 1-216, 2007. [Google Scholar]  

[7] Akshay Joshi et al., “Surface Water Quality Assessment during Idol Immersion,” International Journal of Engineering Sciences & 

Research Technology, vol. 6, no. 1, pp. 413-419, 2017. [Google Scholar] [Publisher Link] 

[8] Anita Bhatnagar, Pooja Devi, and M.P. George, “Impact of Mass Bathing and Religious Activities on Water Quality Index of Prominent 

Water Bodies: A Multilocation Study in Haryana, India,” International Journal of Ecology, vol. 2016, pp. 1-8, 2016. [CrossRef] [Google 

Scholar] [Publisher Link] 

[9] N.C. Ujjania et al., “Festivals and Deterioration of Aquatic Environment: A case Study of Idol Immersion in Tapi River, India,” Journal 

of Geoscience, Engineering, Environment, and Technology, vol. 3, no. 4, pp. 208-213, 2018. [CrossRef] [Google Scholar] [Publisher Link] 

[10] Ranjana Bengani et al., “Idol Immersion and Its Consequences on Water Quality of Tapi River, Surat (Gujarat),” International Journal of 

Advanced Research in Biological Sciences, vol. 7, no. 10, pp. 137-144, 2020. [Google Scholar] [Publisher Link] 

[11] Deepa Tomar, and Rupa Upadhyay, “Heavy Metals in Yamuna River: A Review,” International Journal of Advanced Scientific Research 

and Management, vol. 3, no. 11, pp. 339-348, 2018. [Google Scholar] [Publisher Link] 

[12] M. Vikram Reddy, and A. Vijay Kumar, “Effects of Ganesh-Idol Immersion on some Water Quality Parameters of Hussainsagar Lake,” 

Current Science, vol. 81, no. 11, pp. 1412-1413, 2001. [Google Scholar] [Publisher Link] 

[13] Eleftheria Kampa, Nicole Kranz, and Wenke Hansen, “Public Participation in River Basin Management in Germany, From Borders to 

Natural Boundaries,” Project Report, Ecologic Institute, Germany, pp. 1-60, 2003. [Google Scholar] [Publisher Link] 

[14] N.P. Shukla et al., “Study of the Impact of Plaster of Paris (Pop) and Clay Idols Immersion in Water,” International Journal of Scientific 

Engineering and Technology, vol. 3, no. 7, pp. 861-864, 2014. [Google Scholar] [Publisher Link] 

[15] Vikram Kapoor, “Promoting Sustainable Development in Festivals through Ritual Revisions,” Journal of Sustainable Tourism, vol. 33, 

no. 1, pp. 105-121, 2025. [CrossRef] [Google Scholar] [Publisher Link] 

[16] Bruce P. Lanphear et al., “Low-level Environmental Lead Exposure and Children’s Intellectual Function: An International Pooled 

Analysis,” Environmental Health Perspectives, vol. 113, no. 7, pp. 894-899, 2005. [CrossRef] [Google Scholar] [Publisher Link] 

[17] C. Subhash Pandey et al., “Slow Poisoning of Indian Reservoirs Due to Idol Immersion: A Case Study of Laharpur Reservoir, Bhopal.” 

Environment Conservation Journal, vol. 11, no. 1-2, pp. 83-88, 2010. [CrossRef] [Google Scholar] [Publisher Link] 

[18] M. Muzamil Bhat, S. Zulfiqar Ahmad Andrabi, and S. Shukla, “Effect of Idol Immersions on some Water Quality Parameters of Saryu 

River,” European Journal of Experimental Biology, vol. 1, no. 33, pp.97-100, 2011. [Google Scholar] [Publisher Link] 

[19] World Health Organization, Guidelines for Drinking-Water Quality: Third Edition Incorporating the First and Second Addenda, vol. 1, 

World Health Organization, pp. 1-668, 2008. [Google Scholar] [Publisher Link] 

https://scholar.google.com/scholar?q=Effects+of+idol+immersion+on+the+water+quality+parameters+of+Indian+water+bodies:+Environmental+health+perspectives&hl=en&as_sdt=0,5
https://yadda.icm.edu.pl/baztech/element/bwmeta1.element.baztech-5260724e-d488-434a-81ba-bf4bcfa30990
https://yadda.icm.edu.pl/baztech/element/bwmeta1.element.baztech-5260724e-d488-434a-81ba-bf4bcfa30990
https://doi.org/10.48175/IJARSCT-3477
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.ijarsct.co.in/Paper3477.pdf
https://doi.org/10.48317/IMIST.PRSM/morjchem-v2i4.2119
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=F.+Hamid++Qualitative+investigation+of+pollutants+water+by+different+methods+at+the+tea+garden&btnG=
https://revues.imist.ma/index.php/morjchem/article/view/2119
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Idol+immersion+activities+cause+heavy+metal+contamination+in+river+Budhabalanga%2C+Balasore%2C+Odisha%2C+India%2C&btnG=
https://www.ijmer.com/pages/v2-i6.html
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Religious+activities+and+management+of+water+bodies%2C+a+Case+study+of+idol+immersion+in+the+context+of+urban+lakes+management&btnG=
https://internationalwaterhistory.org/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Impact+of+Ganesh+idol+immersion+on+water+quality&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Surface+water+quality+assessment+during+idol+immersion&btnG=
https://www.ijesrt.com/Old_IJESRT/January-2017.html
https://doi.org/10.1155/2016/2915905
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Impact+of+mass+bathing+and+religious+activities+on+water+quality+index+of+prominent+water+bodies%3A+A+multilocation+study+in+Haryana%2C+India%2C&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Impact+of+mass+bathing+and+religious+activities+on+water+quality+index+of+prominent+water+bodies%3A+A+multilocation+study+in+Haryana%2C+India%2C&btnG=
https://onlinelibrary.wiley.com/doi/full/10.1155/2016/2915905
https://doi.org/10.24273/jgeet.2018.3.4.2088
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Festivals+and+deterioration+of+aquatic+environment%3A+A+case+study+of+Idol+immersion+in+Tapi+River%2C+India%2C&btnG=
https://journal.uir.ac.id/index.php/JGEET/article/view/2088
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Idol+Immersion+and+its+consequences+on+water+quality+of+Tapi+River%2C+Surat+%28Gujarat&btnG=
https://ijarbs.com/cissueoct2020.html
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Heavy+metals+in+Yamuna+River%3A+A+Review&btnG=
https://ijasrm.com/issues/volume-3-issue-11/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Effects+of+Ganesh-idol+immersion+on+some+water+quality+parameters+of+Hussainsagar+Lake&btnG=
https://www.currentscience.ac.in/show.issue.php?volume=81&issue=11
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Public+Participation+in+River+Basin+Management+in+Germany+&btnG=
https://www.ecologic.eu/6929
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Study+of+the+Impact+of+Plaster+of+Paris+%28Pop%29+and+Clay+Idols+Immersion+in+Water&btnG=
https://ijset.com/archive/v3i7
https://doi.org/10.1080/09669582.2024.2315497
https://scholar.google.com/scholar?q=Promoting+sustainable+development+in+festivals+through+ritual+revisions&hl=en&as_sdt=0,5
https://www.tandfonline.com/doi/full/10.1080/09669582.2024.2315497
https://doi.org/10.1289/ehp.7688
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=B.+P.+Lanphear++Low-level+environmental+lead+exposure+and+children%E2%80%99s+intellectual+function%3A+An+international+pooled+analysis&btnG=
https://ehp.niehs.nih.gov/doi/10.1289/ehp.7688
https://doi.org/10.36953/ECJ.2010.1217
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Slow+poisoning+of+Indian+reservoirs+due+to+idol+immersion%3A+A+case+study+of+Laharpur+reservoir&btnG=
https://journal.environcj.in/index.php/ecj/article/view/1907
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+Dr.+Mohd.+Muzamil+Bhat++Effect+of+Idol+Immersions+on+some+Water+Quality+Parameters+of+Saryu+River&btnG=
https://www.primescholars.com/archive/EJEBAU-volume-1-issue-3-year-2011.html
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Guidelines+for+Drinking-water+Quality+Third+Edition+Incorporating+The+First+And+Second+Addenda+Volume+1+Recommendation+Geneva+2008+WHO+Library+Cataloguing-in-Publication+Data&btnG=
https://www.who.int/publications/i/item/9789241547611


John Yigam & Ajay Bharti et al. / IJCE, 12(2), 31-41, 2025 

41 

 

[20] Carlos Tadashi Kunioka, Maria Conceicao Manso, and Marcia Carvalho, “Association between Environmental Cadmium Exposure and 

Osteoporosis Risk in Postmenopausal Women: A Systematic Review and Meta-Analysis,” International Journal of Environmental 

Research and Public Health, vol. 20, no. 1, pp. 1-15, 2022. [CrossRef] [Google Scholar] [Publisher Link] 

[21] Marisa F. Naujokas et al., “The Broad Scope of Health Effects from Chronic Arsenic Exposure: Update on a Worldwide Public Health 

Problem,” Environmental Health Perspectives, vol. 121, no. 3, pp. 295-302, 2013. [CrossRef] [Google Scholar] [Publisher Link] 

[22] Pranali Roy Chowdhury, Malay Banerjee, and Sergei Petrovskii, “A Two-timescale Model of Plankton-Oxygen Dynamics Predicts the 

Formation of Oxygen Minimum Zones and Global Anoxia,” Journal of Mathematical Biology, vol. 89, no. 1, pp. 1-34, 2024. [CrossRef] 

[Google Scholar] [Publisher Link] 

[23] Christopher J. Gobler, and Hannes Baumann, “Hypoxia and Acidification in Ocean Ecosystems: Coupled Dynamics and Effects on Marine 

Life” Biology Letters, vol. 12, no. 5, pp. 1-8, 2016. [CrossRef] [Google Scholar] [Publisher Link] 

[24] Shengnan Zhao et al., “Effect of pH, Temperature, and Salinity Levels on Heavy Metal Fraction in Lake Sediments,” Toxics, vol. 12, no. 

7, pp. 1-14, 2024. [CrossRef] [Google Scholar] [Publisher Link] 

[25] Claude Fortin, “Metal Bioavailability in Aquatic Systems-Beyond Complexation and Competition,” Frontiers in Environmental 

Chemistry, vol. 5, pp. 1-6, 2024. [CrossRef] [Google Scholar] [Publisher Link] 

[26] Matthew F. Johnson et al., “Rising Water Temperature in Rivers: Ecological Impacts and Future Resilience,” WIREs Water, vol. 11, no. 

4, pp. 1-26, 2024. [CrossRef] [Google Scholar] [Publisher Link] 

[27] “Quality Assurance Guidance Document - Model Quality Assurance Project Plan for the PM Ambient Air,” United States Agency, Report, 

Washington, D. C, USA, 2001. [Google Scholar] [Publisher Link] 

[28] Manoj Kumar, and Avinash Puri, “A Review of Permissible Limits of Drinking Water,” Indian Journal of Occupational and 

Environmental Medicine, vol. 16, no. 1, pp. 40-44, 2012. [Google Scholar] [Publisher Link] 

[29] Godson Ebenezer Adjovu et al., “Measurement of Total Dissolved Solids and Total Suspended Solids in Water Systems: A Review of the 

Issues, Conventional, and Remote Sensing Techniques,” Remote Sensing, vol. 15, no. 4, pp. 1-43, 2023. [CrossRef] [Google Scholar] 

[Publisher Link] 

[30] Zhihao Zhang, Yun Jia, and Judong Zhao, “Effect of Magnesium Ion Concentration on the Scale Inhibition of Heat Exchanger in 

Circulating Cooling Water under Alternating Electric Field,” Applied Sciences, vol. 10, no. 16, pp. 1-13, 2020. [CrossRef] [Google 

Scholar] [Publisher Link] 

[31] Sandra Chidiac et al., “A Comprehensive Review of Water Quality Indices (WQIs): History, Models, Attempts and Perspectives,” Reviews 

in Environmental Science and Bio/Technology, vol. 22, pp. 349-395, 2023. [CrossRef] [Google Scholar] [Publisher Link] 

[32] Olga Vigiak et al., “Predicting Biochemical Oxygen Demand in European Freshwater Bodies,” Science of the Total Environment, vol. 

666, pp. 1089-1105, 2019. [CrossRef] [Google Scholar] [Publisher Link] 

[33] Dario Lacalamita, Chiara Mongiovi, and Gregorio Crini, “Chemical Oxygen Demand and Biochemical Oxygen Demand Analysis of 

Discharge Waters from Laundry Industry: Monitoring, Temporal Variability, and Biodegradability,” Frontiers in Environmental Science, 

vol. 12, pp. 1-11, 2024. [CrossRef] [Google Scholar] [Publisher Link] 

[34] Sarmad Salim, Rangeen Shihab Mohammed, and Idrees Majeed Kareem “Assessment of Heavy Metal Contamination of Groundwater in 

Rural Areas of Duhok City, Iraq,” Engineering, Technology and Applied Science Research, vol. 14, no. 4, pp. 15149-15153, 2024. 

[CrossRef] [Google Scholar] [Publisher Link] 

[35] “Indian Standard Drinking Water-Specification,” Bureau of Indian Standards, New Delhi, India, Report,  pp. 1-12, 2012. [Google Scholar] 

[Publisher Link] 

[36] Ana Navas-Acien et al., “Lead Exposure and Cardiovascular Disease-A Systematic Review,” Environmental Health Perspectives, vol. 

115, no. 3, pp. 472-482, 2007. [CrossRef] [Google Scholar] [Publisher Link] 

 

https://doi.org/10.3390/ijerph20010485
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Association+between+Environmental+Cadmium+Exposure+and+Osteoporosis+Risk+in+Postmenopausal+Women%3A+A+Systematic+Review+and+Meta-Analysis&btnG=
https://www.mdpi.com/1660-4601/20/1/485
https://doi.org/10.1289/ehp.1205875
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+broad+scope+of+health+effects+from+chronic+arsenic+exposure%3A+Update+on+a+worldwide+public+health+problem&btnG=
https://ehp.niehs.nih.gov/doi/10.1289/ehp.1205875
https://doi.org/10.1007/s00285-024-02107-7
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+two-timescale+model+of+plankton-oxygen+dynamics+predicts+the+formation+of+Oxygen+Minimum+Zones+and+global+anoxia&btnG=
https://link.springer.com/article/10.1007/s00285-024-02107-7
https://doi.org/10.1098/rsbl.2015.0976
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Hypoxia+and+acidification+in+ocean+ecosystems%3A+Coupled+dynamics+and+effects+on+marine+life%2C&btnG=
https://royalsocietypublishing.org/doi/full/10.1098/rsbl.2015.0976
https://doi.org/10.3390/toxics12070494
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Effect+of+pH%2C+Temperature%2C+and+Salinity+Levels+on+Heavy+Metal+Fraction+in+Lake+Sediments%2C&btnG=
https://www.mdpi.com/2305-6304/12/7/494
https://doi.org/10.3389/fenvc.2024.1345484
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Metal+bioavailability+in+aquatic+systems%E2%80%94+beyond+complexation+and+competition&btnG=
https://www.frontiersin.org/journals/environmental-chemistry/articles/10.3389/fenvc.2024.1345484/full
https://doi.org/10.1002/wat2.1724
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Rising+water+temperature+in+rivers%3A+Ecological+impacts+and+future+resilience&btnG=
https://wires.onlinelibrary.wiley.com/doi/full/10.1002/wat2.1724
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Quality+assurance+guidance+document-model+quality+assurance+project+plan+for+the+PM+ambient+air+2001&btnG=
https://search.epa.gov/epasearch/?querytext=Quality+Assurance+Guidance+Document+-+Model+Quality+Assurance+Project+Plan+for+the+PM+Ambient+Air&areaname=&areacontacts=&areasearchurl=&typeofsearch=epa&result_template=#/
https://scholar.google.com/scholar?q=A+review+of+permissible+limits+of+drinking+water&hl=en&as_sdt=0,5
https://journals.lww.com/ijoe/fulltext/2012/16010/a_review_of_permissible_limits_of_drinking_water.10.aspx
https://doi.org/10.3390/rs15143534
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Measurement+of+Total+Dissolved+Solids+and+Total+Suspended+Solids+in+Water+Systems%3A+A+Review+of+the+Issues%2C+Conventional%2C+and+Remote+Sensing+Techniques&btnG=
https://www.mdpi.com/2072-4292/15/14/3534
https://doi.org/10.3390/app10165491
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Effect+of+magnesium+ion+concentration+on+the+scale+inhibition+of+heat+exchanger+in+circulating+cooling+water+under+alternating+electric+field&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Effect+of+magnesium+ion+concentration+on+the+scale+inhibition+of+heat+exchanger+in+circulating+cooling+water+under+alternating+electric+field&btnG=
https://www.mdpi.com/2076-3417/10/16/5491
https://doi.org/10.1007/s11157-023-09650-7
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+comprehensive+review+of+water+quality+indices+%28WQIs%29%3A+history%2C+models%2C+attempts+and+perspectives&btnG=
https://link.springer.com/article/10.1007/s11157-023-09650-7
https://doi.org/10.1016/j.scitotenv.2019.02.252
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Predicting+biochemical+oxygen+demand+in+European+freshwater+bodies&btnG=
https://www.sciencedirect.com/science/article/pii/S0048969719307508
https://doi.org/10.3389/fenvs.2024.1387041
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Chemical+oxygen+demand+and+biochemical+oxygen+demand+analysis+of+discharge+waters+from+laundry+industry%3A+monitoring%2C+temporal+variability%2C+and+biodegradability&btnG=
https://www.frontiersin.org/journals/environmental-science/articles/10.3389/fenvs.2024.1387041/full
https://doi.org/10.48084/etasr.7501
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Assessment+of+Heavy+Metal+Contamination+of+Groundwater+in+Rural+Areas+of+Duhok+City%2C+Iraq&btnG=
https://www.etasr.com/index.php/ETASR/article/view/7501
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=IIndian+standard+drinking+water+specification&btnG=
https://cpcb.nic.in/wqm/BIS_Drinking_Water_Specification.pdf
https://doi.org/10.1289/ehp.9785
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Lead+exposure+and+cardiovascular+disease+-+A+systematic+review%2C&btnG=
https://ehp.niehs.nih.gov/doi/full/10.1289/ehp.9785

