Spatio-temporal Variation in Water Quality of Sukhna Lake
ABSTRACT
Sukhna Lake, a prominent man-made reservoir in Chandigarh, India, serves essential ecological and recreational roles but is increasingly vulnerable to pollution and seasonal stresses. This study investigates the spatio-temporal variations in the lake’s water quality by analysing key physicochemical parameters (pH, dissolved oxygen [DO], biochemical oxygen demand [BOD]) and heavy metal concentrations (Pb, Cd, Cu, Mn) across three seasons—winter, spring, and summer. Water samples were systematically collected from three representative locations and analysed using standard APHA protocols. Results revealed significant seasonal differences (p < 0.05) in most parameters. Spring exhibited the most favourable water quality, with the highest DO (12.50 ± 0.50 mg/L), lowest BOD (1.00 ± 0.00 mg/L), and moderately alkaline pH (7.50 ± 0.50), indicating high photosynthetic activity and lower organic load. Conversely, summer was the most ecologically stressed season, marked by low DO (6.83 ± 1.04 mg/L), high BOD (2.67 ± 1.44 mg/L), and acidic pH (6.32 ± 0.18), reflecting elevated microbial decomposition and pollutant concentration due to high temperatures and reduced dilution. Heavy metal concentrations remained within WHO/EPA limits but showed seasonal patterns. Lead and copper levels peaked slightly in spring (0.0050 mg/L and 0.0100 mg/L, respectively), while cadmium showed higher values in winter and summer (0.0017 mg/L), suggesting seasonal runoff and anthropogenic influence. The study concludes that Sukhna Lake’s water quality is highly sensitive to seasonal dynamics, particularly during summer months. These findings emphasize the need for season-specific management strategies, including enhanced runoff control, pollution mitigation, and continuous monitoring.
Keywords: Sukhna Lake, seasonal variation, water quality, BOD, DO, heavy metals, urban lake management.

INTRODUCTION
Freshwater systems play very vital role in balancing the nature, harbouring diverse ecosystems, and providing services of paramount importance. They provide clean drinking water and irrigation methods, are exploited for numerous recreational pursuits, and mainly, stabilizing the climate. The system has been increasingly internally threatened by their respective uses, especially through urbanization and industrial and agricultural developments. Pollution of water bodies thereby threatens their ecological well-being and also diminishes the value of the services they render. The case of Sukhna Lake in Chandigarh, India, is very indicative of growing pressure on an urban freshwater system (McGrane, 2016) (Fitzhugh and Richter, 2004). This artificial reservoir, constructed in 1958, provides several vital resources, including recreation, irrigation, and biodiversity. In recent decades, the lake ecosystem has been severely degraded due to intensified urbanization, recreational exploitation, and industrial encroachment around Sukhna Lake. Changes in the water quality of the lake are fairly evident and occur both spatially and temporally due to these pressures(McDonald et al., 2016). Spatial problems are related to seasonal processes because sediments and contaminants accumulate near inlets. "Spatio-temporal variation in water quality" refers to water quality variations in parameters among various locations (spatial variation) and with time (temporal variation). (Qadir et al., 2008). Correct assessment of these variations can be important in water resource management, pollution control, and sustainable development. Sukhna lake remains a major wetland in climatic moderation, flood prevention, and water filtration. It lowers temperatures by as much as 3.52°C in summers and hence contributes to lessening the urban heat island effect. The lake supports a huge variety of flora and fauna, thereby increasing ecological resilience and biodiversity .(Biswas et al., 2024; Saha et al., 2021; Sun et al., 2023; Zhao et al., 2012). Water quality is greatly impacted by urbanization, sedimentation, and seasonal fluctuations, which raises a number of environmental and health issues. Sedimentation can make these problems worse by changing the flow and quality of water, while urbanization brings pollutants from home and industry Nutrients, pathogens, and heavy metals are entering water bodies as a result of urbanization, water quality is significantly impacted. Stormwater runoff increases as cities grow because impermeable surfaces like parking lots, sidewalks, and roadways block natural infiltration. Numerous pollutants, including as pesticides, fertilizers, automobile emissions, and industrial waste, are carried by this runoff straight into neighbouring lakes, rivers, and reservoirs. Further deterioration of water quality is also caused by untreated or inadequately treated wastewater discharges from homes, businesses, and industry. All these contaminants cause interference with aquatic ecosystems when they accumulate, leading to algal blooms, low oxygen, and damage to fish and other aquatic organisms. It has been shown by scientific practices that with an increase in urbanization, there is an enhanced rate of pollutants in the water bodies than in the less advanced regions. As an example, the concentration of metropolitan streams of bromide and chloride may be two to three times as much as metropolitan streams, and these elements are common with road salts, industrial waste, and wastewater (Owhonka et al., 2021). The heavy metals are lead, mercury, and cadmium that build up in sediments because of corroded pipes as well as as a result of e-waste and emissions from motor vehicles, leading to long-term environmental threats (Yunusa et al., 2023). An excessive amount of phosphorus and nitrogen that is frequently present in fertilizers and detergents can accelerate the process of eutrophication. The effect of such pollutants may be an overgrowth of vegetation in the waters and impairment of water quality.(Estrada-Rivera et al., 2022; Matej-Lukowicz et al., 2020; Pang et al., 2022; Pochodyła-Ducka et al., 2023; Valtanen et al., 2014) This work presents background information for the evaluation of the ecological status of Sukhna Lake and contributes to efforts of proper management of water resources, protection of the environment, and policy formulations in freshwater, urban ecosystems.
EXPERIMENTAL PROTOCOL
This study examines the seasonal changes in water quality of Sukhna Lake in Chandigarh, including analyzing physicochemical parameters and heavy metals of three different seasons, i.e., rainy, winter, and summer. The water used was taken on a seasonal basis to determine the effects of the changes in the environment on the health and pollution of the lake. The difference in seasons may alter the physicochemical properties and increase the release of the pollutants, in particular, heavy metals that pose environmental and health concerns. This study assumes that a comparison of data between various seasons would be able to bring out trends that might help towards the sustainable management of the lake and the mitigation of the pollution strategy. 
METHODOLOGY 
Sample collection site 
In order to assess the difference in the water quality at different places, water samples were randomly collected at three (or four) selected places in Sukhna Lake, in Chandigarh city, India. These locations were selected in a manner that would give representation of the hydrological and environmental situation of the lake in view of imagining such differences, since some of these locations may have changed with respect to geographical positioning, human activities, and land use management.
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Figure 1: Sample Collection Site

Sample Collection
More than three sites were selected around the Sukhna Lake to collect the water sample to ensure a better representation and determination of spatial variability of water quality. The sampling points were chosen according to their nearness to inflow areas, amount of human activities, and density of the vegetation. The samples were collected in sterile high-density polyethylene (HDPE) containers of previously cleaned and sterilized high-density polyethylene (HDPE) containers to prevent contamination and the integrity of the samples. The collection was done by standard sampling procedures that involved rinsing the samples with lake water prior to the final collection of samples, appropriately labeling each sample, and maintaining suitable conditions for handling and storing the samples in preparation for investigations in the laboratory.
Determination of pH
pH was determined using a calibrated digital pH meter in the water samples. To guarantee accuracy, the pH meter was calibrated using 4.00, 7.00, and 10.00 standard buffer solutions before every measurement session. The measurements were made using the APHA Standard Methods for the Examination of Water and Wastewater (23rd Edition, 2017), Method 4500-H+B. The pH gives an important piece of information about whether water is acidic or basic in nature and may affect most of the chemical and biological processes that occur in the aquatic ecosystem. The pH level provides some vital information about whether water is acidic or alkaline in nature, and this impacts several chemical and biological processes in the aquatic environment. 
Determination of Dissolved Oxygen (DO)
Dissolved Oxygen (DO) values were measured by the Winkler titration procedure, and its method is well known due to its accuracy and reliability in the assessment of surface water. On-site preservation of the water sample was done using the manganous sulfate and the alkaline iodide-azide preservations. After this, the fixed samples were acidified, and this caused the release of iodine depending on the amount of oxygen in them, and they were titrated against a standard solution of sodium thiosulfate. The measurements at DO were performed at five different time periods (DO 1 to DO 5) so that Biochemical Oxygen Demand (BOD) can be calculated. The procedures followed complied with APHA (2017), Method 4500-O C. Determination of Biochemical Oxygen Demand (BOD)
 The 5-day Biochemical Oxygen Demand (BOD test) was used to give Biochemical Oxygen Demand (BOD₇) as a means of procedure in accordance with APHA Method 5210 B (23rd Edition, 2017). The water was placed in well-covered BOD bottles at a temperature of 20°C +/- 1°C, in the dark, in order to prevent interference of photosynthetically generated oxygen in a five-day period. BOD was calculated as a difference between initial DO (DO 1) and final DO (DO 5) according to the following formula: BOD = DO1 − DO5 The test determines the oxygen consumption due to the microbial oxidation of organic matter in the aerobic environment, and BOD is also a useful parameter of biodegradable organic contamination and the efficiency of a wastewater treatment system.
To stabilize metal ions, water samples were collected in clean, acid-washed polyethylene bottles and immediately acidified with ultrapure nitric acid to lower the pH below 2. This ensured the preservation of dissolved metal species. Samples were stored at 4°C until laboratory analysis. The concentrations of lead (Pb) and mercury (Hg) were determined using Inductively Coupled Plasma Mass Spectrometry (ICP-MS) following the standard protocols of the APHA, 24th Edition (2023). Fluoride (F⁻), a non-metallic ion, was analyzed using an ion-selective electrode technique. At the same time, sulphate (SO₄²⁻) was measured using either the turbidimetric method or ion chromatography, depending on sample characteristics and equipment availability. All analyses were conducted at the Regional Advanced Water Testing Laboratory, Punjab (RAWTL, Punjab) under strict quality assurance protocols. These included the use of procedural blanks, sample duplicates, and certified reference standards to ensure analytical precision and accuracy. Final results were expressed in milligrams per liter (mg/L), as recommended by APHA (2023).
RESULTS
Table 1 presents the seasonal variation in key water quality parameters. The pH ranged from neutral in winter (7.00 ± 0.50) to slightly alkaline in spring (7.50 ± 0.50) and decreased to acidic levels in summer (6.32 ± 0.18). Dissolved oxygen (DO) concentrations were highest in spring (12.50 ± 0.50 mg/L), followed by winter (8.17 ± 0.76 mg/L), and lowest in summer (6.83 ± 1.04 mg/L), reflecting the influence of temperature and biological activity. Biochemical oxygen demand (BOD) was lowest in spring (1.00 ± 0.00 mg/L), indicating low organic pollution; however, it increased in winter (1.83 ± 1.44 mg/L) and peaked in summer (2.67 ± 1.44 mg/L), suggesting higher organic loads and microbial activity during warmer months. Heavy metal concentrations showed minor seasonal variations: lead (Pb) remained stable in winter and summer (0.0043 ± 0.0006 mg/L) but slightly increased in spring (0.0050 ± 0.0000 mg/L); cadmium (Cd) was lowest in spring (0.0010 ± 0.0000 mg/L) and higher in winter and summer (0.0017 ± 0.0006 mg/L); copper (Cu) was slightly elevated in spring (0.0100 ± 0.0000 mg/L) compared to winter (0.0097 ± 0.0006 mg/L) and summer (0.0090 ± 0.0000 mg/L); and manganese (Mn) followed a similar pattern, with a spring peak (0.0050 ± 0.0000 mg/L). All metal concentrations remained well below WHO and EPA safety limits, indicating no significant contamination.
The one-sample t-test results indicated that the seasonal mean values for most physicochemical parameters—pH, dissolved oxygen (DO), lead (Pb), cadmium (Cd), copper (Cu), and manganese (Mn)—were statistically significant (p < 0.05) across all seasons, suggesting reliable presence above zero levels. Biochemical oxygen demand (BOD) was not significant in winter (p = 0.0852), indicating greater variability or lower reliability in that season. In contrast, BOD values in spring and summer were significant. Constant values in spring (e.g., Pb, Cd, Cu) produced infinite t-values, yet these were still statistically significant. Overall, the analysis confirms consistent seasonal variation and detectable concentrations of the measured parameters. (Refers to Table 2) 
The seasonal variations in key physicochemical parameters are illustrated in Figures 2, 3, and 4. As shown in Figure 2, pH values were slightly alkaline during winter (7.00) and spring (7.50) but decreased in summer (6.32), indicating a mild shift toward acidity in warmer months. Figure 3 highlights the Biochemical Oxygen Demand (BOD), which was lowest in spring (1.00 mg/L), suggesting reduced organic pollution during that period. BOD values increased in winter (1.83 mg/L) and peaked in summer (2.67 mg/L), likely due to elevated microbial decomposition and organic load. Figure 4 shows that Dissolved Oxygen (DO) concentrations were highest in spring (12.50 mg/L), possibly due to increased photosynthetic activity and lower water temperatures, whereas DO levels declined in winter (8.17 mg/L) and further in summer (6.83 mg/L), likely because of higher water temperatures reducing oxygen solubility and increasing consumption. Figures 5 to 8 illustrate the seasonal variation in the concentrations of selected heavy metals and ions. Figure 5 shows that cadmium (Cd) levels were higher in winter and summer (0.0017 mg/L) compared to spring (0.0010 mg/L), with noticeable variability in winter and summer. In Figure 6, lead (Pb) concentrations remained relatively stable across all seasons, slightly higher in spring (0.0050 mg/L), while winter and summer values were nearly identical (0.0043 mg/L). Figure 7 indicates a peak in copper (Cu) concentration during spring (0.0100 mg/L), with slightly lower values in winter (0.0097 mg/L) and a drop in summer (0.0090 mg/L), suggesting a seasonal influence on copper availability. As shown in Figure 8, manganese (Mn) levels were marginally higher in spring (0.0050 mg/L) compared to winter (0.0043 mg/L) and summer (0.0047 mg/L), with slight fluctuations but overall stable values across seasons.


	Parameter
	Winter (Mean ± SD)
	Spring (Mean ± SD)
	Summer (Mean ± SD)

	Ph
	7.00 ± 0.50
	7.50 ± 0.50
	6.32 ± 0.18

	DO (mg/L)
	8.17 ± 0.76
	12.50 ± 0.50
	6.83 ± 1.04

	BOD (mg/L)
	1.83 ± 1.44
	1.00 ± 0.00
	2.67 ± 1.44

	Lead (Pb, mg/L)
	0.0043 ± 0.0006
	0.0050 ± 0.0000
	0.0043 ± 0.0006

	Cadmium (Cd, mg/L)
	0.0017 ± 0.0006
	0.0010 ± 0.0000
	0.0017 ± 0.0006

	Copper (Cu, mg/L)
	0.0097 ± 0.0006
	0.0100 ± 0.0000
	0.0090 ± 0.0000

	Manganese (Mn, mg/L)
	0.0043 ± 0.0006
	0.0050 ± 0.0000
	0.0047 ± 0.0006


Table 1: Seasonal variation in physicochemical and heavy metal parameters of water samples. Values are presented as mean ± standard deviation (SD) for winter, spring, and summer seasons. Parameters include pH, dissolved oxygen (DO), biochemical oxygen demand (BOD), and concentrations of lead (Pb), cadmium (Cd), copper (Cu), and manganese (Mn), measured in mg/L where applicable.
	Parameter
	Season
	Mean ± SD
	t-value
	p-value
	Significance (p < 0.05)

	pH
	Winter
	7.00 ± 0.50
	24.25
	0.0002
	Significant

	
	Spring
	7.50 ± 0.50
	25.98
	0.0001
	Significant

	
	Summer
	6.32 ± 0.18
	61.10
	0.0000
	Significant

	Dissolved Oxygen (mg/L)
	Winter
	8.17 ± 0.76
	18.59
	0.0003
	Significant

	
	Spring
	12.50 ± 0.50
	43.30
	0.0000
	Significant

	
	Summer
	6.83 ± 1.04
	11.36
	0.0008
	Significant

	Biochemical Oxygen Demand (mg/L)
	Winter
	1.83 ± 1.44
	2.20
	0.0852
	Not Significant

	
	Spring
	1.00 ± 0.00
	∞ (constant)
	0.0000
	Significant

	
	Summer
	2.67 ± 1.44
	3.21
	0.0477
	Significant

	Lead (Pb, mg/L)
	Winter
	0.0043 ± 0.0006
	12.30
	0.0007
	Significant

	
	Spring
	0.0050 ± 0.0000
	∞ (constant)
	0.0000
	Significant

	
	Summer
	0.0043 ± 0.0006
	12.30
	0.0007
	Significant

	Cadmium (Cd, mg/L)
	Winter
	0.0017 ± 0.0006
	5.20
	0.0343
	Significant

	
	Spring
	0.0010 ± 0.0000
	∞ (constant)
	0.0000
	Significant

	
	Summer
	0.0017 ± 0.0006
	5.20
	0.0343
	Significant

	Copper (Cu, mg/L)
	Winter
	0.0097 ± 0.0006
	28.07
	0.0001
	Significant

	
	Spring
	0.0100 ± 0.0000
	∞ (constant)
	0.0000
	Significant

	
	Summer
	0.0090 ± 0.0000
	∞ (constant)
	0.0000
	Significant

	Manganese (Mn, mg/L)
	Winter
	0.0043 ± 0.0006
	12.30
	0.0007
	Significant

	
	Spring
	0.0050 ± 0.0000
	∞ (constant)
	0.0000
	Significant

	
	Summer
	0.0047 ± 0.0006
	12.30
	0.0007
	Significant


Table 2: One-sample t-test results of physicochemical parameters across different seasons (N = 3). Values are expressed as mean ± standard deviation. Statistical significance tested against a null hypothesis of mean = 0. p < 0.05 is considered significant.
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Fig. 2-8. Seasonal variation in physicochemical and heavy metal parameters of water samples
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The seasonal variation in water quality parameters of Sukhna Lake shows distinct patterns. The pH is highest in spring (7.50) due to increased photosynthetic activity and lowest in summer (6.32), likely due to organic acid accumulation. Dissolved Oxygen (DO) also peaks in spring (12.50 mg/L), benefiting from enhanced algal activity and lower temperatures, while it drops in summer (6.83 mg/L) that might be due to higher temperatures and microbial respiration. Biochemical Oxygen Demand (BOD) is lowest in spring (1.00 mg/L), indicating better water quality, and increases in summer (2.67 mg/L) as organic matter decomposition intensifies. Among the heavy metals, lead (Pb) and manganese (Mn) concentrations are highest in spring, possibly due to seasonal runoff, while their levels are lower in winter and summer. Cadmium (Cd) and copper (Cu) are slightly reduced in spring, with higher values in winter and summer, likely influenced by sediment disturbance and reduced dilution during drier months.

DISCUSSION
The seasonal study of water quality indices in Sukhna Lake demonstrates dynamic ecological changes caused by both natural processes and human activities. Some of the important physicochemical variables, such as pH, dissolved oxygen (DO), and biochemical oxygen demand (BOD), as well as the heavy metal concentrations, exhibited some notable temporal variation that followed a seasonal pattern. The pH was also significantly different in each of the seasons, with summer being slightly acidic (6.32 ± 0.18) and spring being alkaline to the maximum (7.50 ± 0.50). The spring surge is an effect of elevated photosynthesis and algae blooms that decrease the lack of CO₂ and raise pH. Conversely, the drop of summer pH is highly likely evidence of accelerated microbial breakdown, and organic acids are formed when temperatures are warmer. Such results are congruent with it being already established that greater temperatures and microbial respiration are associated with acidification of water bodies. Acid waters have various seasonal variations in pH levels in water. As an example, pH measurements made in South African soft-water lakes show an increase in pH during the summer compared to the winter, suggesting a change in pH as a seasonal variable. (Schutte and Elsworth, 1954). Similarly, research in northern Wisconsin lakes have revealed yearly pH ranges of 1.0 to 1.5 units, with the lowest values often occurring in late winter and early spring (Kratz et al., 1987).Temperature plays an important effect in seasonal pH dynamics. Changes in carbon dioxide and oxygen pressures have a greater influence on the physiological processes and behaviour of aquatic species (Gobler and Baumann, 2016). Dissolved oxygen (DO) values followed similar seasonal trends. Spring has the greatest DO (12.50 ± 0.50 mg/L) because to higher photosynthetic production and colder temperatures, which improve oxygen solubility. Summer's lowest DO (6.83 ± 1.04 mg/L) is due to oxygen depletion from microbial respiration and lower solubility in warm water. This cyclical hypoxia means that summer brings increased ecological stress, potentially endangering aquatic life. Dissolved oxygen concentrations frequently follow a seasonal pattern, peaking in the winter and falling to their lowest point in the summer. For example, in the Gulf of Aqaba, Red Sea, dissolved oxygen had a maximum and uniform distribution in winter and a minimum in summer (Badran, 2001). Similarly, in Sanya Bay, dissolved oxygen concentrations were typically lowest in the fall and highest in the winter for the majority of the seven years analyzed, from 2004 to 2010 (Xu et al., 2016)Surface water DO in a montane stream stayed near 100% saturation during years of observation, whereas hyporheic zone DO varied more dynamically over storm events, seasonal, and inter-annual timeframes (Soulsby et al., 2009).The summer season has the greatest average BOD (2.67 ± 1.44 mg/L), indicating increased organic load and microbial activity. Spring had the lowest BOD (1.00 ± 0.00 mg/L), indicating excellent water quality. The increased BOD in the summer corresponds to increased biological metabolism and runoff-induced organic pollutants, establishing the negative link between DO and BOD. Similarly, in rivers such as the Chengi River, the greatest BOD was reported before to the monsoon season, while the lowest was found during the monsoon season. The greatest BOD levels were found in Kaptai Lake prior to the monsoon season, whereas the lowest levels were found after the monsoon. The Shuvolong and Risang waterfalls have the greatest BOD levels after the monsoon season, and the lowest during the monsoon season (Islam, 2023).  Heavy metal analysis emphasizes seasonal impacts. Spring had greater levels of metals like lead (0.0050 ± 0.0000 mg/L) and copper (0.0100 ± 0.0000 mg/L), probably because to increased surface runoff from nearby metropolitan areas. Considerably, the cadmium in spring was found to be the least, which could be the diluting effects or less input source. Most of the manganese values remained relatively constant, with a little higher reading during the springtime, implying seasonal runoff or interaction with sediments. The variation of the heavy metal concentration in water ecosystems as a seasonal process is a complex phenomenon that is affected by numerous factors such as temperature, rain, runoff, and sediment processes. (Balakrishnan et al., 2015) 
The lesser concentrations of heavy metals in sediments within the Muthupet lagoon which is in the South East Coasts of India were found in the post-monsoon and summer seasons and the greater ones were found in the pre-monsoon and monsoon seasons. It can be seen that iron was the most common heavy metal all year round followed by magnesium and manganese in the geographical distribution of heavy metals in Muthupet lagoon. The other metals (cadmium, chromium, copper, magnesium, manganese, nickel, lead and zinc) showed significant seasonality in this lagoon. As an instance, the station 6 provided the highest cadmium level during monsoon season, and station 3 produced the highest level of chrome (Balakrishnan et al., 2015).  Comprehensively, the collected evidence indicates that the water quality of Sukhna Lake is most suitable during the spring and the summer seasons are associated with problems due to a rise in biological activities and absorption of pollution. These results underline the necessity of active, season-specific management operations, i.e., controlling runoff, enhancing aeration, and observing sources of pollutants in the summer season, to assure the water quality and the ecological integrity of the lake all year round.
CONCLUSION
The paper derives an elaborate evaluation of the variations in physicochemical parameters and heavy metal concentrations of the waters of the Sukhna Lake in Chandigarh on a seasonal scale. The results are demonstrated to indicate that the seasonal processes may lead to a profound effect on the water quality, with spring becoming the most advantageous period as far as the intensified levels of dissolved oxygen, diminished biochemical oxygen demand, and the relatively stable pH are concerned. On the other hand, summer was reported to be the most stressful season, with reduced dissolved oxygen, a higher load of organic matter (BOD), and a shift to acidic pH conditions. All of these transformations are most probably the result of an increase in temperatures, microbial activity, and pollution ingestion through runoff. A minor varied trend in the concentration of heavy metals was also seen as the result of the investigation. Although all recorded parameters were safely below the allowable boundaries, elevated quantities of lead and copper in the spring, together with elevated cadmium levels in the winter and summer seasons, indicate the impact of seasonal water movement as well as human-induced strains. The water quality of the Sukhna Lake is vulnerable to environmental fluctuations, as evidenced by statistically significant values of most of the measures between seasons. In conclusion, the findings highlight the importance of season-specific monitoring and management measures. Mitigating pollution loads during important months like summer, enhancing stormwater management, and preserving biological balance through conservation initiatives can all have a substantial impact on Sukhna Lake's sustainability and health. This work provides baseline data for future monitoring, planning, and restoration efforts aimed at urban freshwater systems influenced by seasonal and anthropogenic influences.
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DO

avg	0.76376261582597338	0.5	1.0408329997330641	0.76376261582597338	0.5	1.0408329997330641	winter	spring	summer	8.1666666666666661	12.5	6.833333333333333	SEASONS


OBSERVED VALUE



HEAVY METAL (CADMIUM)

AVG	5.773502691896258E-4	0	5.773502691896258E-4	5.773502691896258E-4	0	5.773502691896258E-4	winter	spring	summer	1.6666666666666668E-3	1E-3	1.6666666666666668E-3	


HEAVY METAL (LEAD)

AVG	5.773502691896258E-4	0	5.773502691896258E-4	5.773502691896258E-4	0	5.773502691896258E-4	winter	spring	summer	4.333333333333334E-3	5.0000000000000001E-3	4.333333333333334E-3	seasons


observed value (mg/L)



COPPER ION

AVG	5.7735026918962623E-4	0	0	5.7735026918962623E-4	0	0	winter	spring	summer	9.6666666666666654E-3	0.01	8.9999999999999993E-3	


Mangnese Ion 

AVG	5.773502691896258E-4	0	5.773502691896258E-4	5.773502691896258E-4	0	5.773502691896258E-4	winter	spring	summer	4.333333333333334E-3	5.0000000000000001E-3	4.6666666666666671E-3	


Ph

avg	0.5	0.5	0.17502380790433417	0.5	0.5	0.17502380790433417	Winter	Spring	Summer	7	7.5	6.3233333333333333	SEASONS


OBSERVED VALUE



BOD

avg	1.4433756729740643	0	1.4433756729740645	1.4433756729740643	0	1.4433756729740645	winter	spring	summer	1.8333333333333333	1	2.6666666666666665	SEASONS


OBSERVED VALUE
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