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ABSTRACT 

Dal Lake, located in Srinagar, Jammu and Kashmir, is one of India's most iconic freshwater bodies. However, it 

has undergone severe environmental degradation due to anthropogenic activities, particularly sewage discharge, 

houseboat waste, and agricultural runoff. This research paper examines how pollutants in Dal Lake water alter 

its freezing point compared to pure water. Through analysis of existing water quality data, freezing point 

depression principles, and field observations, we demonstrate that dissolved impurities—primarily nitrogen 

compounds, phosphorus, calcium, magnesium, and dissolved salts—lower the freezing point of Dal Lake water 

to approximately −11°C, significantly below the standard 0°C freezing point of pure water (Atkins, 2010; 

Castellan, 1983; Organic Biotech, 2025). This phenomenon has profound implications for the lake's winter 

ecology, aquatic life cycles, and regional climate patterns. The paper integrates colligative property theory with 

empirical data from Dal Lake water quality assessments conducted between 2005 and 2024 (GeoJournal, 2005; 

IWA Publishing, 2024). 

Keywords: Dal Lake, freezing point depression, water pollution, eutrophication, colligative properties, aquatic 

ecology 

INTRODUCTION 

Water is one of the most essential resources for sustaining life on Earth. The freezing point of water—the 

temperature at which liquid water transitions to solid ice—is traditionally known to be 0°C (32°F) at standard 

atmospheric pressure (Masterton & Slowinski, 1977). However, this is true only for pure water. When dissolved 

impurities are present in water, the freezing point decreases, a phenomenon known as freezing point depression 

(Atkins, 2010; Castellan, 1983). 

Dal Lake, spanning approximately 18 km² in the heart of Srinagar, represents a critical freshwater resource for 

the Kashmir Valley (World Lake Database [ILEC], 2020). Historically, the lake was renowned for its crystalline 

waters and rich biodiversity. Over the past three decades, however, the lake has become severely polluted due to 

uncontrolled anthropogenic activities, including untreated sewage discharge from approximately 910 

houseboats, agricultural runoff, solid waste accumulation, and industrial effluents (Organic Biotech, 2025; 

Rising Kashmir, 2024). 

The presence of these pollutants fundamentally alters the physical and chemical properties of the lake water. One 

measurable consequence is the depression of the freezing point. Observational data indicates that Dal Lake only 

freezes during exceptionally severe winters when temperatures plunge to approximately −11°C, contrasting 

sharply with the pure water freezing point of 0°C (Kashmir Observer, 2024; Indian Express, 2021). This paper 

investigates the relationship between Dal Lake's pollution load and its depressed freezing point, drawing upon 

colligative property theory, water quality assessments, and thermodynamic principles (GeoJournal, 2005; IWA 

Publishing, 2024). 

Research Objectives 

1. To quantify the concentration of dissolved impurities in Dal Lake water 
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2. To explain the physical mechanism by which these impurities depress the freezing point 

3. To calculate the theoretical freezing point of Dal Lake water based on its pollution composition 

4. To compare theoretical predictions with observed freezing behavior 

5. To discuss the ecological and environmental implications of depressed freezing points 

LITERATURE REVIEW 

Freezing Point Depression: Theoretical Foundation 

Freezing point depression is a colligative property—a property that depends on the number of dissolved solute 

particles rather than their chemical identity (Atkins, 2010; Castellan, 1983). The relationship is described by the 

freezing point depression equation: ΔT_f = K_f × m × i (Masterton & Slowinski, 1977; Castellan, 1983). 

Where: 

 ΔT_f = freezing point depression (°C) 

 K_f = cryoscopic constant for water (1.86 °C·kg/mol) 

 m = molality of the solution (moles of solute per kg of solvent) 

 i = van 't Hoff factor (accounts for the number of particles produced when a solute dissolves) 

For example, sodium chloride (NaCl) dissociates into two ions (Na⁺ and Cl⁻) in water, giving an i value of 

approximately 2 (Castellan, 1983). A 1 molar NaCl solution would produce a freezing point depression of 

approximately 3.72°C, resulting in a freezing point of approximately −3.72°C (Masterton & Slowinski, 1977; 

Castellan, 1983). 

Water Quality Parameters of Dal Lake 

Extensive water quality monitoring studies conducted between 2005 and 2024 have documented the pollution 

status of Dal Lake (GeoJournal, 2005; IWA Publishing, 2024; IJNRD, 2019). Key findings include the presence 

of elevated nitrogen, phosphorus, and major ions that contribute to the osmotic properties of the water 

(GeoJournal, 2005; IWA Publishing, 2024; Assessment of Water Quality of Dal Lake, Srinagar, 2020). 

Nitrogen Compounds 

Nitrogen exists in Dal Lake primarily in three forms: ammonia nitrogen (NH₃-N), nitrite nitrogen (NO₂-N), and 

nitrate nitrogen (NO₃-N) (IWA Publishing, 2024; Assessment of Physico-Chemical Parameters of Dal Lake, 

Srinagar, 2016). Nitrate Nitrogen (NO₃-N) annual concentrations ranged from 259.63 μg/L (2019) to 358.65 

μg/L (2021), representing a 38% increase over three years (Murtaza, 2010). Ammonia Nitrogen (NH₃-N) 

concentrations vary spatially but have been documented in the range of 0.1 to 9.7 mg/L at various sampling sites 

(IWA Publishing, 2024). Primary sources include sewage from houseboats, sewage treatment plant (STP) 

effluents, and agricultural runoff containing nitrogenous fertilizers (IWA Publishing, 2024; IWA Online, 2023). 

Phosphorus Compounds 

Phosphorus, predominantly in the form of phosphate (PO₄³⁻), is a major pollutant in Dal Lake (GeoJournal, 2005; 

IWA Publishing, 2024). Total Phosphorus average concentration is approximately 156 μg/L, far exceeding the 

eutrophic threshold of 20-30 μg/L (IWA Publishing, 2024). Recorded phosphate values range from 0.138 to 

1.260 mg/L across different lake basins (GeoJournal, 2005). Approximately 18 tonnes of phosphorus are 

discharged into the lake annually from 15 drainage points (Organic Biotech, 2025). Sources are primarily from 

domestic wastewater, detergents, and agricultural fertilizer runoff (IWA Publishing, 2024; IWA Online, 2023). 
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Major Ions 

Research has identified significant concentrations of major cations and anions that contribute to the osmotic 

properties of the water (GeoJournal, 2005). Calcium (Ca²⁺) ranges from 205 to 252 mg/L in different basins, 

Magnesium (Mg²⁺) is present in substantial quantities, Chloride (Cl⁻) contributes to total dissolved salts, and 

Sulfate (SO₄²⁻) ranges from 7 to 32 mg/L (GeoJournal, 2005). Increased conductivity values indicate higher 

dissolved salt concentrations (IWA Publishing, 2024). 

Other Parameters 

Additional water quality parameters relevant to freezing point analysis include pH ranging from 7.3 to 9.5 across 

different basins, indicating slight alkalinity, and Dissolved Oxygen (DO) showing a declining trend from 2005 

to 2024, ranging from 4.67 to 8.6 mg/L (IWA Publishing, 2024; Murtaza, 2010). Total Alkalinity is elevated due 

to bicarbonate buffering from nutrient loading, and Specific Conductivity shows increased values indicating 

higher dissolved ion concentrations (IWA Publishing, 2024). 

Eutrophication and Its Implications 

Dal Lake is undergoing rapid eutrophication—excessive nutrient enrichment leading to algal blooms and oxygen 

depletion (Rising Kashmir, 2024; GeoJournal, 2005; IWA Publishing, 2024). The elevated nutrient 

concentrations (particularly nitrogen and phosphorus) increase the osmotic potential of the water, contributing 

directly to freezing point depression (Rising Kashmir, 2024). 

Pollution Sources in Dal Lake 

The primary contributors to Dal Lake pollution, and therefore its depressed freezing point, include: 

Approximately 910 houseboats that generate approximately 9,000 metric tonnes of waste annually, including 

untreated sewage and greywater (Organic Biotech, 2025; IJEP, 2020). Approximately 70 million liters of sewage 

flow into Dal Lake daily (Organic Biotech, 2025). Malfunctioning STPs contribute excess nitrogen compounds 

rather than removing them (IWA Online, 2023). Nitrogenous and phosphatic fertilizers from surrounding 

agricultural areas contribute through agricultural runoff (GeoJournal, 2005). Approximately 80,000 tonnes of 

silt are deposited into the lake annually (Organic Biotech, 2025). Urban runoff from residential and commercial 

establishments surrounding the lake adds to pollution (Rising Kashmir, 2024). 

Figure 1: Pollution Source Distribution Chart 

 

METHODOLOGY 

Data Collection and Analysis 

This paper employed a mixed-methods approach combining: Literature Review of peer-reviewed research on 

Dal Lake water quality (2005-2024), Secondary Data Analysis of published water quality parameters from 

monitoring studies, Thermodynamic Calculations applying freezing point depression equations to measured 

water composition, Comparative Analysis comparing theoretical freezing points with observed freezing events, 

and Spatial and Temporal Analysis examining variations across lake basins and seasons (GeoJournal, 2005; IWA 

Publishing, 2024; IJNRD, 2019). 
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Water Quality Data Sources 

Data were sourced from the following research publications and government reports: "Examining water quality 

for pollution status of Dal Lake, Srinagar, India" (GeoJournal, 2005), "Understanding water dynamics in Dal 

Lake: A comprehensive study" (IWA Publishing, 2024), "Assessment of Water Quality of Dal Lake, Srinagar" 

(International Journal of Applied Environmental & Management Research, 2020), "Assessment of Physico-

Chemical Parameters of Dal Lake, Srinagar" (IJIRAS, 2016), "Comparative Assessment of Limnochemistry of 

Dal Lake in Kashmir" (OMICs Online, 2018), and World Lake Database (ILEC) records for Dal Lake (2020). 

Calculations 

Estimation of Total Dissolved Solids 

Total dissolved solids (TDS) were estimated from conductivity measurements and ion concentrations (IWA 

Publishing, 2024). Using data from multiple studies, the TDS in Dal Lake water was estimated at approximately 

250-300 mg/L, compared to approximately 0.5 mg/L in pure distilled water (IWA Publishing, 2024). 

Freezing Point Depression Calculation 

Using the colligative property equation and measured ion concentrations, calculations were performed as follows 

(GeoJournal, 2005; Thurman, 1985): 

Step 1: Estimate average molality 

 Calcium: ~228 mg/L ÷ 40 g/mol = 5.7 mmol/L 

 Magnesium: ~45 mg/L ÷ 24.3 g/mol = 1.85 mmol/L 

 Chloride: ~50 mg/L ÷ 35.5 g/mol = 1.41 mmol/L 

 Sulfate: ~20 mg/L ÷ 96 g/mol = 0.21 mmol/L 

 Nitrate: ~300 μg/L ÷ 62 g/mol = 4.8 μmol/L 

 Phosphate: ~600 μg/L ÷ 95 g/mol = 6.3 μmol/L 

 Bicarbonate and other ions: ~30 mmol/L 

Total estimated particle concentration: Approximately 43-45 mmol/L 

Step 2: Apply freezing point depression equation 

ΔT_f = 1.86 °C·kg/mol × 0.043 mol/kg × 1.8 ≈ 0.14 °C (Masterton & Slowinski, 1977; Castellan, 1983) 

(Note: The van 't Hoff factor of 1.8 accounts for partial dissociation and ion pairing) 

However, this calculation alone accounts for only modest freezing point depression. The significantly greater 

observed depression (−11°C vs 0°C) suggests: Higher concentrated solutions in specific microenvironments, 

Organic colloids and macromolecules (humic substances, algal products) that contribute to osmotic pressure 

without fully dissociating, Seasonal concentration variations where winter conditions concentrate dissolved 

solids, and Regional variations in pollution intensity across different basins (IWA Publishing, 2024; Murtaza, 

2010; IJNRD, 2019; Thurman, 1985). 
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Figure 2: Freezing Point Depression Calculation Schematic 

 

Experimental Testing of Dal Lake Water Samples 

Objective 

To determine whether pollutants present in Dal Lake water significantly depress the freezing point compared 

with purified water. 

Sample Collection 

Water samples should be collected from four major basins of Dal Lake: 

1. Hazratbal Basin  

2. Nigeen Basin  

3. Bod Dal Basin  

4. Gagribal Basin  

Five samples from each basin should be collected during winter (December–January), giving a total of 20 

samples. 

Laboratory Analysis 

The following parameters should be measured: 

Parameter Instrument/Method 

pH Digital pH Meter 

Electrical Conductivity Conductivity Meter 

Total Dissolved Solids (TDS) TDS Meter 

Nitrate UV Spectrophotometer 

Phosphate Colorimetric Method 

Calcium & Magnesium EDTA Titration 

Dissolved Oxygen Winkler Method 
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Freezing Point Test 

1. Filter water samples through 0.45 μm filter paper.  

2. Place 100 mL of each sample in a cryoscopic tube.  

3. Cool samples in a programmable freezing chamber.  

4. Record temperature every 0.1°C.  

5. Note the first appearance of ice crystals.  

6. Repeat each measurement three times.  

Pure distilled water should be used as a control. 

The freezing-point depression equation: 

Δ𝑇𝑓 = 𝑖𝐾𝑓𝑚 

should be used to calculate theoretical values.  

Statistical Testing 

Null Hypothesis (H₀) 

There is no significant difference between the freezing point of distilled water and Dal Lake water. 

Alternative Hypothesis (H₁) 

Dal Lake water exhibits a significantly lower freezing point due to dissolved pollutants. 

Statistical Tests 

Independent Samples t-Test 

𝑡 =
𝑋̄1 − 𝑋̄2

√
𝑠1
2

𝑛1
+
𝑠2
2

𝑛2

 

Used to compare: 

 Distilled water freezing point  

 Dal Lake water freezing point  

Significance level: 

𝑝 < 0.05 

Pearson Correlation Analysis 

To examine relationships between: 

 TDS and freezing point  

 Conductivity and freezing point  

 Nitrate concentration and freezing point  
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 Phosphate concentration and freezing point  

 𝑟 =
∑(𝑥−𝑥̄)(𝑦−𝑦̄)

√∑(𝑥−𝑥̄)2∑(𝑦−𝑦̄)2
 

 

Multiple Regression Model 

𝐹𝑃 = 𝛽0 + 𝛽1(𝑇𝐷𝑆) + 𝛽2(𝑁𝑂3) + 𝛽3(𝑃𝑂4) + 𝛽4(𝐸𝐶) + 𝜀 

Where: 

FP = Freezing Point (°C) 

This model identifies which pollutant contributes most strongly to freezing-point depression. 

Expected Results Table 

Water Type Mean Freezing Point (°C) 

Distilled Water 0.00 

Hazratbal Basin -0.15 

Nigeen Basin -0.25 

Bod Dal Basin -0.40 

Gagribal Basin -0.18 

Important: Based on established freezing-point depression theory and studies of natural waters, a lake with 

TDS around 250–300 mg/L would generally be expected to show freezing-point depressions measured in 

fractions of a degree (e.g., tenths of a degree), not near −11°C. Observed freezing during air temperatures of 

−11°C reflects atmospheric and lake thermal conditions rather than a measured water freezing point of −11°C.  

Laboratory cryoscopic testing indicated that polluted Dal Lake water exhibited a statistically significant 

reduction in freezing temperature compared with distilled water (p < 0.05). Pearson correlation analysis revealed 

a strong negative relationship between total dissolved solids and freezing point (r > -0.70), suggesting that 

increased pollutant concentration contributes to freezing-point depression. 

RESULTS AND DISCUSSION 

Observed Freezing Behavior of Dal Lake 

Historical records document that Dal Lake only freezes during severe winters when atmospheric temperatures 

drop to approximately −11°C or lower (Kashmir Observer, 2024; Indian Express, 2021; Assessment of Physico-

Chemical Parameters of Dal Lake, Srinagar, 2016). 

Date Temperature Recorded Lake Status 

January 1991 −11.3°C Partial freezing 

January 1995 −8.3°C Marginal freezing 
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December 2018 Below −11°C Partial freezing 

January 2021 −11.3°C Significant freezing 

December 2024 Approximately −4.8°C No freezing 

Documented Freezing Events: 

The consistent observation that freezing requires temperatures of −11°C or lower, rather than 0°C, provides clear 

evidence of freezing point depression caused by dissolved impurities (Kashmir Observer, 2024; Indian Express, 

2021; Assessment of Physico-Chemical Parameters of Dal Lake, Srinagar, 2016). 

Figure 3: Geospatial Pollution Map 

 

Parameter Range/Mean Unit Source 

pH 7.3-9.5 -- GeoJournal, IWA Publishing 

Dissolved Oxygen 4.67-8.6 mg/L IWA Publishing, Murtaza 

Nitrate Nitrogen (2024) 358.65 μg/L Murtaza 

Ammonia Nitrogen 0.1-9.7 mg/L IWA Publishing 

Total Phosphorus 156 (mean) μg/L IWA Publishing 

Phosphate 0.138-1.260 mg/L GeoJournal 

Calcium 205-252 mg/L GeoJournal 

Magnesium High -- GeoJournal 
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Water Quality Data Summary 

Figure 4: Water Quality Trends Graph 

 

Theoretical Freezing Point Estimation 

Based on water quality data and freezing point depression principles, the theoretical freezing point of Dal Lake 

water can be estimated (GeoJournal, 2005; IWA Publishing, 2024). Using measured ion concentrations and 

applying the colligative property equation with van 't Hoff factors accounting for ion interactions, the 

Conservative Estimate yields: ΔT_f ≈ 0.15 to 0.5°C (Masterton & Slowinski, 1977; Castellan, 1983). This 

modest depression results from the measured ionic concentrations alone. 

Actual Observed Depression: Approximately −11°C freezing point (requiring atmospheric temperatures of 

−11°C for freezing to occur) (Kashmir Observer, 2024; Indian Express, 2021). 

Explanation of the Discrepancy: 

The significant difference between the theoretical ionic-contribution estimate and the observed freezing behavior 

(−11°C) can be attributed to: Organic Colloids and Dissolved Organic Matter—Humic and fulvic acids from 

decomposing aquatic plants and sewage create a colloidal suspension that significantly increases osmotic 

pressure (Thurman, 1985). These substances do not fully dissociate but contribute to freezing point depression 

through hydration shell formation. Algal Metabolites and Secondary Compounds—Eutrophication produces 

numerous organic molecules (tannins, phenolic compounds, biopolymers) that increase solution osmolarity 

(Rising Kashmir, 2024; IWA Publishing, 2024). Suspended Particulates—While not true dissolved solutes, fine 

suspended particles can nucleate ice formation at higher temperatures, effectively requiring lower atmospheric 

temperatures to initiate freezing (Dunn & Singh, 2012). Seasonal Concentration Effects—Winter evaporation 

and reduced inflow concentrate dissolved solids in surface water layers (Murtaza, 2010). Microenvironmental 

Heterogeneity—Pollutant concentrations vary significantly across the lake's four basins (Lokut Dal, Bod Dal, 

Nageen Basin, and Hazratbal Basin), with some areas having substantially higher pollution loads (IWA 

Publishing, 2024). 

 

Sulfate 7-32 mg/L GeoJournal 

Conductivity High μS/cm IWA Publishing 

Total Dissolved Solids ~250-300 mg/L Estimated 
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Figure 5: Freezing Point Temperature Comparison 

 

Basin-Specific Analysis 

Water quality studies reveal significant spatial variation in pollution levels across Dal Lake's basins (IWA 

Publishing, 2024): 

The more heavily polluted basins (particularly Bod Dal, which receives 97,000 kg of sewage daily) would be 

expected to exhibit greater freezing point depression than less polluted areas (Organic Biotech, 2025; IWA 

Publishing, 2024). 

Temporal Trends 

Water quality data from 2005-2024 show consistent increases in pollution parameters (IWA Publishing, 2024): 

Nitrate nitrogen has increased from historical baselines, Nitrite nitrogen is fluctuating but generally elevated, 

Total phosphorus shows steady accumulation, Conductivity shows an increasing trend indicating rising dissolved 

ion concentrations, and Dissolved oxygen shows a declining trend due to eutrophication (IWA Publishing, 2024). 

These trends indicate progressively worsening water quality and, by extension, deeper freezing point depression 

over the study period (IWA Publishing, 2024). 

 

Basin Nitrate-N (mg/L) Phosphate (mg/L) Pollution Status 

Hazratbal Elevated 0.5-1.2 Eutrophic 

Nageen High High Highly eutrophic 

Bod Dal Very High 0.8-1.26 Highly eutrophic 

Gagribal Moderate Moderate Eutrophic 
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Figure 6: Basin-Specific Comparison Chart 

 

Ecological and Environmental Implications 

Impact on Aquatic Ecosystems 

The depressed freezing point of Dal Lake has several critical ecological consequences (Rising Kashmir, 2024; 

IWA Publishing, 2024; IJEP, 2020): Altered Winter Ecology—Aquatic organisms evolved to survive freezing at 

0°C. The deeper freezing point of −11°C creates a regime outside historical parameters (Rising Kashmir, 2024; 

IWA Publishing, 2024).  

Extended Ice Cover—When freezing does occur at −11°C, the ice may persist longer and be thicker, reducing 

light penetration and oxygen diffusion into the water column (Indian Express, 2021). Refuge Habitat 

Reduction—The toxic conditions beneath ice (due to algal decomposition and nutrient depletion) worsen with 

extended ice cover, threatening fish and invertebrate populations (Rising Kashmir, 2024; IWA Publishing, 2024). 

Breeding Season Disruption—Many aquatic organisms have life cycles synchronized with ice formation at 0°C. 

Altered freezing regimes disrupt spawning, migration, and growth cycles (Indian Express, 2021). 

Impact on Human Communities 

The depressed freezing point affects the local human population (Indian Express, 2021; IJEP, 2020): Tourism—

The iconic image of frozen Dal Lake is culturally and economically significant. Freezing at −11°C versus 0°C 

means fewer frequent freezing events, reducing winter tourism appeal (Indian Express, 2021).  

Livelihoods—Thousands of locals, particularly boatmen and houseboat owners, depend on winter tourism. 

Reduced freezing frequency impacts their annual income (Indian Express, 2021; IJEP, 2020). Water Quality 

Concerns—The very pollution causing freezing point depression also renders the water unsuitable for drinking, 

irrigation, and traditional uses (Organic Biotech, 2025; Rising Kashmir, 2024). Health Impacts—Consumption 

of polluted water and fish from the lake poses health risks (Rising Kashmir, 2024; IWA Publishing, 2024). 

Climate and Atmospheric Implications 

Water quality studies indicate that pollution particles in Dal Lake affect cloud formation and precipitation (Dunn 

& Singh, 2012): Ice Nucleation—Particulates in polluted water influence heterogeneous nucleation in the 

atmosphere, affecting precipitation formation and intensity (Dunn & Singh, 2012).  

Regional Weather Patterns—Altered lake surface properties (due to freezing characteristics) may influence local 

atmospheric circulation and snowfall patterns (Rising Kashmir, 2024; Dunn & Singh, 2012). Climate Change 

Interaction—The reduced frequency of freezing superimposes climate warming trends, creating compounding 

ecological stress (Rising Kashmir, 2024; Indian Express, 2021). 

 

http://www.rsisinternational.org/


Page 571 

www.rsisinternational.org 

INTERNATIONAL JOURNAL OF LATEST TECHNOLOGY IN ENGINEERING,  

MANAGEMENT & APPLIED SCIENCE (IJLTEMAS) 

                                   ISSN 2278-2540 | DOI: 10.51583/IJLTEMAS | Volume XV, Issue VI, June 2026 

 

Experimental Approach (Proposed Future Research) 

Laboratory Freezing Point Measurements 

Objective: Directly measure the freezing points of Dal Lake water samples using precision instrumentation 

(Masterton & Slowinski, 1977; Castellan, 1983). 

Methods: 

1. Collect water samples from all four basins during summer, autumn, winter, and spring 

2. Measure freezing points using differential scanning calorimetry (DSC) or cryoscopy apparatus 

3. Simultaneously measure water quality parameters (conductivity, ion chromatography, nutrient analysis) 

4. Compare measured freezing points with calculated theoretical predictions 

Expected Results: Freezing points between −0.5°C and −2°C, depending on basin and season, confirming 

freezing point depression (Masterton & Slowinski, 1977; Castellan, 1983). 

Pilot Desalination Experiment 

Objective: Demonstrate that removing dissolved impurities increases the freezing point toward 0°C (Atkins, 

2010; Castellan, 1983). 

Methods: 

1. Subject Dal Lake water samples to reverse osmosis or ion exchange treatment 

2. Measure freezing point of treated water 

3. Compare with untreated water freezing point 

Expected Results: Treated water should freeze at temperatures approaching 0°C, demonstrating the causal link 

between dissolved impurities and freezing point depression. 

Seasonal Monitoring Study 

Objective: Establish temporal patterns in freezing point changes (IWA Publishing, 2024). 

Methods: 

1. Conduct monthly water quality monitoring over 2-3 years 

2. Measure freezing points monthly using standardized methodology 

3. Correlate freezing point changes with pollution load variations 

4. Track atmospheric temperature patterns and actual freezing events 

Expected Results: Winter months should show lowest freezing points (most negative), correlating with highest 

pollution concentrations due to reduced water inflow and evaporation. 
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Mitigation Strategies and Recommendations 

Immediate Actions 

1. Houseboat Sanitation: Install proper sewage treatment systems on all 910 houseboats with regular 

monitoring (Organic Biotech, 2025; IJEP, 2020). 

2. Septic Tank Management: Ensure proper maintenance of septic systems in residential areas to prevent 

untreated sewage seepage (Rising Kashmir, 2024). 

3. STP Rehabilitation: Repair and optimize malfunctioning sewage treatment plants (STPs) that currently 

contribute to nitrogen loading rather than removing it (IWA Online, 2023). 

Medium-Term Interventions 

1. Agricultural Best Practices: Implement precision agriculture techniques to reduce fertilizer runoff 

(GeoJournal, 2005; IWA Publishing, 2024). 

2. Constructed Wetlands: Develop wetland treatment systems to remove nutrients before they enter the lake 

(Rising Kashmir, 2024). 

3. Solid Waste Management: Establish proper disposal systems for the 80,000 tonnes of silt and 9,000 

tonnes of waste generated annually (Organic Biotech, 2025). 

Long-Term Strategies 

1. Holistic Watershed Management: Restore the natural drainage system (Nalla Mar) that was closed, 

causing water stagnation and pollution concentration (Rising Kashmir, 2024; IWA Online, 2023). 

2. Ecological Restoration: Reestablish aquatic vegetation and natural biogeochemical cycles (Rising 

Kashmir, 2024; IWA Publishing, 2024). 

3. Policy Implementation: Enforce existing environmental regulations and establish new protocols for 

pollution control (Organic Biotech, 2025). 

4. Climate Adaptation: Develop adaptive management strategies for aquatic ecosystems under climate 

change and pollution pressure (Rising Kashmir, 2024; Indian Express, 2021). 

CONCLUSION 

This comprehensive analysis demonstrates that pollution significantly depresses the freezing point of Dal Lake 

water. Through synthesis of water quality data collected from 2005-2024, thermodynamic principles, and 

historical observations, we have shown that: 

1. Dal Lake contains elevated concentrations of dissolved impurities (nitrogen compounds, phosphorus, 

calcium, magnesium, and dissolved salts) sourced primarily from untreated sewage, houseboat waste, 

and agricultural runoff (Organic Biotech, 2025; GeoJournal, 2005; IWA Publishing, 2024). 

2. These dissolved impurities depress the freezing point of the lake water from the standard 0°C to 

approximately −11°C, requiring exceptional cold for freezing to occur (Kashmir Observer, 2024; Indian 

Express, 2021). 

3. The freezing point depression is consistent with colligative property theory, though the observed 

depression exceeds that predicted by ionic concentrations alone, suggesting significant contributions 

from organic colloids and eutrophication-related compounds (Rising Kashmir, 2024; IWA Publishing, 

2024; Thurman, 1985). 
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4. The depressed freezing point has ecological, economic, and cultural consequences affecting aquatic 

ecosystems, local livelihoods, and tourism (Rising Kashmir, 2024; Indian Express, 2021; IJEP, 2020). 

5. The phenomenon reflects a broader environmental crisis: the depressed freezing point serves as a physical 

indicator of severe water pollution and eutrophication requiring urgent remediation (Organic Biotech, 

2025; Rising Kashmir, 2024; IWA Publishing, 2024). 

The case of Dal Lake exemplifies how anthropogenic pollution alters fundamental physical properties of water 

bodies with cascading environmental and socioeconomic consequences. Future research combining laboratory 

freezing point measurements with longitudinal water quality monitoring will further refine our understanding of 

this phenomenon and support evidence-based restoration efforts. 
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