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Abstract 

This study explores the seasonal variation in water quality across five prominent urban lakes in Dhaka, 

Bangladesh—Gulshan, Banani, Dhanmondi, Hatirjheel, and Ramna—using both statistical analysis and an 

environmental health perspective. A range of physical, chemical, and heavy metal parameters—including pH, 

temperature, electrical conductivity (EC), total dissolved solids (TDS), dissolved oxygen (DO), biochemical 

oxygen demand (BOD), chemical oxygen demand (COD), nitrate (NO₃), and metals such as lead (Pb), 

cadmium (Cd), and manganese (Mn)—were measured during both the dry and wet seasons. One-way ANOVA 

test revealed a significant increase in TDS during the wet season (p = 0.0286), likely due to intensified urban 

runoff from monsoon rains. Although most other parameters did not exhibit significant seasonal variation, 

elevated BOD levels in Gulshan, Hatirjheel, and Banani lakes indicate severe ongoing organic pollution. 

These findings underscore the influence of seasonal hydrological shifts on urban lake water quality and 

highlight the need for targeted, season-specific pollution control and water management strategies in Dhaka. 
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1 Introduction 

Urban lakes are integral to Dhaka’s socio-ecological fabric: they moderate floods by detaining stormwater, 

recharge shallow aquifers, buffer heat through evaporative cooling, provide recreation and amenity space, and 

sustain pockets of urban biodiversity that are otherwise scarce in dense neighborhoods (Rahman et al., 2021). 

Yet these benefits are increasingly fragile in the face of rapid land-use change, constrained right-of-way for 

drainage, and expanding wastewater loads, which together have shifted several lakes from multifunctional assets 

toward receivers of untreated or partially treated effluents (Uddin et al., 2023). Seasonal hydroclimatic forcing 

further shapes water-quality trajectories: during the monsoon, high inflows mobilize sediments, nutrients, and 

heavy metals from impervious surfaces and disturbed soils into lake basins, while the dry season’s low dilution 

and higher residence times intensify concentration effects, stratification tendencies, and oxygen stress 

measurable as elevated biochemical oxygen demand (BOD) (Parvin et al., 2022). 

 

Within this citywide context, the five principal lakes—Gulshan, Banani, Dhanmondi, Hatirjheel, and Ramna—

exhibit pressure profiles that reflect their distinct catchments and infrastructure connections (Rahman et al., 

2021). Gulshan and Banani, embedded in dense residential–commercial districts, receive persistent sewage 

intrusions through illicit connections and overflow conditions that raise nutrients, suspended solids, and BOD in 

the dry months when assimilative capacity is lowest (Rahman et al., 2021). Hatirjheel, despite its designed roles 

in flood control and urban renewal, remains chronically exposed to roadway runoff and combined-sewer 

overflows that deliver particulates, organic load, and trace metals—notably lead (Pb), cadmium (Cd), and 

manganese (Mn)—producing pronounced spatial–seasonal gradients in water quality along traffic-influenced 

margins (Atauzzaman et al., 2022). Dhanmondi and Ramna, managed primarily for recreation, are intersected by 

stormwater inlets and legacy wastewater linkages that degrade near-shore zones, episodically depress dissolved 

oxygen, and elevate microbial indicators, illustrating the tight coupling between shoreline use, drainage 

connectivity, and ecological condition (Uddin et al., 2023). 

 

Evidence from recent assessments across Dhaka’s lakes points to robust wet–dry contrasts in conductivity/TDS, 

turbidity, nutrient fractions, suspended solids, and microbial contamination, with one-way ANOVA and 

complementary multivariate methods consistently detecting statistically significant seasonal differences that 

align with monsoon–dry transitions (Rahman et al., 2021). Beyond conventional pollutant suites, an emerging-

contaminant signal has become salient: PFAS have been reported in Dhaka’s air–water systems and in urban 

surface waters receiving mixed stormwater and sewage, reinforcing concerns about persistent, bioaccumulative 

chemicals and the need to integrate source control with routine lake monitoring and public-health risk 

communication (Morales-McDevitt et al., 2022; Islam et al., 2023). Taken together, the interplay of monsoon 
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hydrology, urban drainage, and waste-management gaps explains much of the observed variability, and it 

motivates a lake-specific, catchment-linked management approach that targets dominant sources and high-risk 

seasons (Parvin et al., 2022). 

 

Against this backdrop, the present study (i) measures key physico-chemical indicators and selected heavy 

metals—treating Pb, Cd, and Mn as heavy metals—across Gulshan, Banani, Dhanmondi, Hatirjheel, and 

Ramna; (ii) quantifies wet- versus dry-season differences using one-way ANOVA; and evaluates 

environmental-health risk to inform actionable, lake-specific management in Dhaka (Rahman et al., 2021; 

Atauzzaman et al., 2022). 

2 Materials and Methods 

2.1 Study Area and Sample Selection 

This study involves a comprehensive investigation of water quality in six selected urban lakes in Dhaka: Uttara 

Lake, Dhanmondi Lake, Banani Lake, Gulshan Lake, Ramna Lake and Hatirjheel Lake. The primary aim is to 

assess the seasonal variations in physicochemical and heavy metal parameters, comparing wet and dry season 

values to understand the influence of urban pollution. Primary data were obtained through direct field sampling 

during two distinct seasons: the wet season (15th August–30th September 2024) and the dry season (1st March 

2025–10th April 2025). Water samples were collected from three representative points in each lake to ensure 

proper spatial coverage.  

                                                    Table 1: Name and Location of Sampling Sites. 

 

Lake Name 

 

Sample No                                   Sample Collection Location 

 

 

Dhanmondi Lake 01 Road-2/A, Dhanmondi, Dhaka 

 02 Road-10/A, Dhanmondi, Dhaka 

 03 Road-15/A, Dhanmondi, Dhaka 

Banani Lake 01 Block-E, Banani, Dhaka 

 02 Road-6/A, Kamal Atatürk Avenue, Banani, Dhaka 

 03 Road-18/A, Banani, Dhaka 

Gulshan Lake 01 Road-130, Gulshan-01, Dhaka 

 02 Road-106, Near Manarat International University, Gulshan, Dhaka 

 03 Road-40/2, Madani Avenue, Gulshan, Dhaka 

Ramna Lake 01 Ramna Botmul south point 

 02 Ramna Botmul north point 

 03 Ramna Park northern edge 

Hatirjheel Lake 01 East West University Point, East Merul Badda, Dhaka 

 02 Bridge number-02, West Rampura, Dhaka 

 03 Hatirjheel link road, Mirbag, Rampura, Dhaka 

 

 

2.2 Data Collection Methods 

Water samples collected from each location were analyzed at the Environmental Engineering Laboratory of 

BUET and the Environmental Laboratory of Presidency University. The analyses were conducted in accordance 

with the standard protocols outlined in the Environmental Conservation Rules (ECR), 1997.  
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Table 2: Methods and Instruments Used for Analysis of Water Quality Parameters 

 

                Parameters                       Methods/ Instruments 

pH Digital pH Meter 

Electrical Conductivity (EC) Conductivity Meter 

Total Dissolved Solids (TDS) Conductivity Meter 

Turbidity Nephelometric Method (Turbidity Meter) 

Dissolved Oxygen (DO) Winkler’s Iodometric Titration 

Biochemical Oxygen Demand 5-day BOD Test (Incubator + Titrimetric 

Method) 

Chemical Oxygen Demand Closed Reflux Method with Digestion Apparatus 

Temperature Digital Temperature Probe 

Lead (Pb) Atomic Absorption Spectrophotometer (AAS) 

Cadmium (Cd) Atomic Absorption Spectrophotometer (AAS) 

Manganese (Mn) Atomic Absorption Spectrophotometer (AAS) 

Nitrate (NO₃⁻) UV Spectrophotometric Method 

 

 
 

 

3 Results and Discussion 

3.1 Water Quality Parameters Test Results 

Seasonal variation in pH, temperature, electrical conductivity (EC), total dissolved solids (TDS), alkalinity, and 

dissolved oxygen (DO) across the five urban lakes, as Figure 1 has shown, is documented for both dry and wet 

seasons. The corresponding seasonal variation in biochemical oxygen demand (BOD), chemical oxygen 

demand (COD), and the concentrations of cadmium (Cd), lead (Pb), manganese (Mn), and nitrate (NO₃⁻) across 

the same lakes and seasons has been shown in Figure 2. 

 

  

  

  

  

  

  

  

  

  

 

 

Figure 1. Seasonal variation in pH, Temperature, EC, TDS, Alkalinity, DO concentrations across the five urban 

lakes during dry and wet seasons. 
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Figure 2. Seasonal variation in BOD, COD, Cd, Pb, Mn, NO₃⁻ concentrations across the five urban lakes during 

dry and wet seasons. 

The study quantified physicochemical and biological indicators—pH, temperature, electrical conductivity (EC), 

total dissolved solids (TDS), alkalinity, dissolved oxygen (DO), biochemical oxygen demand (BOD), chemical 

oxygen demand (COD), nitrate (NO₃⁻), and heavy metals (Cd, Pb, Mn). Seasonal summary statistics (mean ± 

SD) are reported for wet and dry periods, and between-season differences were tested using one-way ANOVA 

(α = 0.05); the corresponding F-statistics and p-values are presented in Table 3. 

Table 3:  Seasonal Variation of Water Quality Parameters (Mean ± SD) in Urban Lakes of Dhaka with ANOVA 

Result 

Parameter Dry Season 

(Mean ± SD) 

Wet Season 

(Mean ± SD) 

F-statistic p-value Significant? Difference 

Direction 

 

 

pH 7.20 ± 0.24 6.88 ± 0.26 4.03 0.0795 No Dry>Wet 

Temperature 

(°C) 

33.88 ± 1.19 28.70 ± 0.35 86.44 0.0000 No Dry>Wet 

EC (µS/cm) 544.00 ± 

146.39 

378.00 ± 

104.02 

4.27 0.0726 No Dry>Wet 

TDS (mg/L) 392.00 ± 

112.78 

240.00 ± 67.45 6.69 0.0286 Yes Dry>Wet 

Alkalinity 

(mg/L) 

236.00 ± 

78.93 

190.00 ± 71.76 0.93 0.3632 No Dry>Wet 

DO (mg/L) 3.78 ± 0.33 3.41 ± 0.27 3.75 0.0888 No Dry>Wet 

BOD (mg/L) 25.74 ± 2.83 28.54 ± 2.93 2.36 0.1633 No Wet>Dry 

COD (mg/L) 28.26 ± 3.30 31.40 ± 2.63 2.77 0.1349 No Wet>Dry 

Cd (mg/L) 0.00 ± 0.00 0.01 ± 0.00 1.12 0.3207 No Wet>Dry 

Pb (mg/L) 0.03 ± 0.02 0.06 ± 0.03 2.72 0.1379 No Wet>Dry 

Mn (mg/L) 0.03 ± 0.03 0.08 ± 0.03 4.67 0.0626 No Wet>Dry 

NO₃⁻ (mg/L) 34.04 ± 

16.62 

54.42 ± 25.61 2.23 0.1738 No Wet>Dry 

       

 

Seasonal variations in water quality across the five urban lakes in Dhaka revealed consistent but mostly 

statistically non-significant trends. The pH level slightly decreased from 7.20 ± 0.24 in the dry season to 6.88 ± 

0.26 in the wet season (p = 0.0795), During monsoon runoff suggesting mildly acidic conditions. Similarly, 
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temperature reduced markedly from 33.88 ± 1.19 °C in the dry season to 28.70 ± 0.35 °C in the wet season 

which indicates the cooling effects of increased cloud cover and rainfall. However, the difference was not 

statistically significant. Electrical conductivity (EC) gradually decreased from 544.00 ± 146.39 µS/cm to 378.00 

± 104.02 µS/cm (p = 0.0726). It reflected the dilution effect of seasonal rainfall. Total dissolved solids (TDS) 

showed a statistically significant reduction from 392.00 ± 112.78 mg/L in the dry season to 240.00 ± 67.45 

mg/L in the wet season (p = 0.0286). It was also a clear impact of monsoonal dilution on water chemistry. 

Alkalinity reduced from 236.00 ± 78.93 mg/L to 190.00 ± 71.76 mg/L (p = 0.3632), while dissolved oxygen 

(DO) decreased from 3.78 ± 0.33 mg/L to 3.41 ± 0.27 mg/L (p = 0.0888). These gradually decreases, though not 

significant, suggest that reduced buffering and oxygenation capacity, likely due to organic enrichment and lower 

atmospheric diffusion during the wet season. 

Both biochemical oxygen demand (BOD) and chemical oxygen demand (COD) showed an increase during the 

wet season. Specifically, BOD rose from 25.74 ± 2.83 mg/L in the dry season to 28.54 ± 2.93 mg/L in the wet 

season (p = 0.1633), while COD increased from 28.26 ± 3.30 mg/L to 31.40 ± 2.63 mg/L (p = 0.1349). 

Although these changes were not statistically significant, the upward trend suggests a possible rise in organic 

pollution—likely driven by increased runoff and the inflow of domestic and industrial waste during the 

monsoon. 

Heavy metals also elevated concentrations during the wet season. Cadmium (Cd) rose from 0.00 ± 0.00 mg/L to 

0.01 ± 0.00 mg/L (p = 0.3207), Where lead (Pb) gradually increased from 0.03 ± 0.02 mg/L to 0.06 ± 0.03 mg/L 

(p = 0.1379) and manganese increase (Mn) from 0.03 ± 0.03 mg/L to 0.08 ± 0.03 mg/L (p = 0.0626). These 

changes suggest seasonal mobilization of industrial and urban pollutants, though without statistical 

confirmation. 

Finally, nitrate (NO₃⁻) levels raised from 34.04 ± 16.62 mg/L in the dry season to 54.42 ± 25.61 mg/L in the wet 

season (p = 0.1738). Potentially it was due to fertilizer runoff, sewage discharge and leaching from urban 

surfaces during monsoon rains. 

Total dissolved solids (TDS) was the only parameter that showed that clear and statistically significant 

difference between seasons. Potentially it is due to dilution from heavy monsoon rains during the wet season. 

However, the seasonal changes seen in the other parameters still suggests that rainfall, runoff, and human 

activity continue to shape the water quality of Dhaka’s urban lakes all over the year. 

3.2 Human Exposure Risks and Public Health Concerns 

The progressively reduced water quality observed particularly during the wet season increases serious public 

health concerns for communities living near or depending on these urban lakes. Although the lakes are not direct 

sources of drinking water, They are frequently used for bathing, washing, recreational activities, and in some 

cases, urban agriculture. Raised BOD and COD levels point to microbial contamination from organic waste, 

increasing the risk of waterborne diseases such as diarrhea, dysentery, typhoid, and skin infections. Furthermore, 

the increase in nitrate concentrations during the wet season suggests that leaching from urban and agricultural 

sources can contaminate shallow groundwater and nearby tube wells, predominantly in densely populated 

informal settlements. This poses a risk of nitrate poisoning and chronic exposure which are especially for 

children and vulnerable populations. The detection of heavy metals like lead (Pb), manganese (Mn) and traces 

of cadmium (Cd) even at low concentrations should not be ignored. Continuous bioaccumulation of these toxic 

metals by water contact may lead to long-term health consequences including neurological disorders, kidney 

damage, and developmental delays in children.  

4 Conclusion and Recommendations 

The major conclusions from this study are as follows: 

• The study explored that total dissolved solids (TDS) significantly decreased during the wet season. 

Mainly, it is due to dilution from monsoon rains whereas other parameters showed seasonal trends 

influenced by rainfall, runoff, and human activities but without statistical significance. 

• Elevated levels of organic pollution indicators (BOD and COD), nutrients (nitrate) and heavy metals 

during the wet season indicate the impact of urban runoff and waste discharge on lake water quality. 



M. M. Barno, M. Rauf & M. Hasan  

ICCEI 2025 
 

1486 

• These seasonal changes can create ecological risks to the lakes and potential health risks to nearby 

communities who use lake water for bathing, washing, recreation and agriculture. 

• Regular and comprehensive water quality monitoring is essential for understanding seasonal and long-

term changes. 

• Pollution control measures should be strengthened including better management of urban runoff. In the 

same way, stricter regulation of industrial and domestic waste discharges are strongly needed. 

• Public awareness campaigns are needed to educate local communities about the risks associated with 

direct contact with lake water which will promote safe water use practices. 

• Restoration efforts such as creating vegetated buffer zones and constructed wetlands can help reduce 

nutrient and also reduce contaminant inputs to the lakes. 

• Water quality management should be integrated into urban planning policies so that we can ensure 

sustainable protection of Dhaka’s urban lakes and public health. 
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