



EVALUATION OF WATER HEALTH QUALITY USING PANDORINA MORUM AS A BIOLOGICAL INDICATOR IN LENTIC FRESH WATER SYSTEMS, KANPUR, India

ABSTRACT

In lentic freshwater systems, planktons play an important role as primary producers. A lot of work has been done earlier in the field of physico-chemical analysis of lentic water systems. Limnological study is valuable for water quality monitoring. Pandorina morum, a green colonial phytoflagellate, commonly appears in grossly polluted lentic freshwater ponds of Kanpur city and Dehat. To understand the physicochemical nature of the environment that supports the flourishing of Pandorina morum, several water quality parameters were analyzed, and their tabulation represented the presence of phytoplankton as an indicator of water health quality. The study revealed that these lentic water bodies, usually formed by the accumulation of sewage and wastewater in shallow depressions, as well as rainwater, also maintain the water level, and due to this, biodiversity is directly influenced by seasonal variation. Low plankton biodiversity, often represented by only one or a few species, with Pandorina morum forming the dominant planktonic constituent.
The present investigation evaluates the water health quality of lentic freshwater ponds in Kanpur using Pandorina morum as a biological indicator. Physico-chemical parameters including temperature, pH, alkalinity, hardness, dissolved oxygen (DO), and dissolved organic matter (DOM) were analyzed. The results reveal that Pandorina morum thrives in waters with elevated pH (8.4–8.7), high total alkalinity (160–303 mg/L), and increased DOM (163–192 mg/L). Statistical analysis of Table 1 and Table 2 data shows a direct correlation between DOM enrichment and Pandorina morum dominance, while lower DO and species diversity indicate hypertrophic conditions. These findings suggest that Pandorina morum effectively indicates organic pollution and eutrophication trends in stagnant freshwater systems. The study highlights the need for regular phytoplankton-based biomonitoring to assess the ecological integrity of urban ponds.
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INTRODUCTION 

Freshwater bodies in urban regions are dynamic ecosystems, continuously influenced by anthropogenic inputs and climatic variability. With growing urbanization, lentic water systems such as ponds and tanks have become repositories for domestic wastewater, detergents, fertilizers, and silt deposits. These pollutants significantly alter the nutrient balance and physicochemical conditions, leading to eutrophication. Under such altered environments, only tolerant phytoplankton species capable of withstanding high nutrient and organic loads like Pandorina morum tend to dominate.

In India, particularly in the Gangetic plains, freshwater ponds are vital for local biodiversity and groundwater recharge but are highly susceptible to degradation. Studies have revealed that Kanpur’s freshwater systems receive considerable sewage and runoff, resulting in elevated pH, total alkalinity, and hardness levels (Saras, 2023). Such parameters directly influence the metabolic and reproductive activity of phytoplankton, determining which species proliferate. Pandorina morum shows preference for slightly alkaline to strongly alkaline waters (pH 8.2–8.7) and tolerates high dissolved organic matter, which often suppresses sensitive species.

Phytoplankton are microscopic autotrophic organisms that form the primary producers of aquatic ecosystems. They play a crucial role in maintaining the ecological balance and contribute to the biological productivity of water bodies (KimY.-H., et al., 2024). Among these, Pandorina morum, a colonial green alga belonging to the class Chlorophyceae, occurs frequently in lentic freshwater habitats such as ponds, tanks, and reservoirs (Hui et al., 2024).
The bioindicator potential of Pandorina morum arises from its sensitivity to organic loading and nutrient fluctuation. As an intermediate organism between unicellular Chlamydomonas and multicellular Volvox, its colonial morphology allows survival during both oligotrophic and eutrophic transitions. The species can withstand fluctuating oxygen conditions by forming dense colonies protected within mucilage, offering it resistance against mechanical stress and desiccation. This unique adaptability makes it a reliable ecological marker for lentic ecosystems under pollution stress.

Recent limnological research emphasizes that combining physicochemical analysis with biological indicators like Pandorina morum yields a more comprehensive evaluation of water quality.




Parameters such as total alkalinity, hardness, and DOM are interrelated; high DOM indicates organic pollution and microbial activity, while increased alkalinity and hardness often result from carbonate leaching and anthropogenic discharge. These cumulative effects not only modify nutrient availability but also alter light penetration, thereby influencing algal productivity and composition.

Pandorina morum is a common phytoflagellate that is found growing in ponds and small puddles all over northern India. It usually forms small populations which occur mixed with other phytoflagellates such as Chlamydomonas, Chlorogonium, Euglena etc. (Saras & Srivastava, B, 2018). The phytoflagellate was found to form dominant blooms consisting solely of a single species in most of the hypertrophic systems within the city.
The occurrence of Pandorina morum is often linked with nutrient enrichment and organic matter accumulation, making it a useful bioindicator for assessing water quality and trophic conditions (Jiang, Y., et al, 2023). Its colonial form, consisting of 8–16 cells enclosed within a gelatinous matrix, allows it to adapt and survive under moderate to high organic load. The species thrives in stagnant and semi-stagnant water systems, particularly where sunlight penetration and nutrient concentration support algal growth. All observed ponds of different sites of Kanpur, represent the permanent lentic water system influenced by domestic runoff and organic inputs. 

Kanpur’s lentic systems exemplify a classic case of hypertrophic transformation where limited circulation, high temperature, and nutrient retention create favorable conditions for bloom-forming chlorophytes. Pandorina morum, by dominating these nutrient-rich habitats, signals the reduced self-purification capacity of such systems. Its dominance is often accompanied by a decline in diversity, as sensitive taxa like diatoms and desmids disappear under excessive organic and ionic stress (Singh et al., 2023; Saras, 2021).

The present study aims to record the occurrence and abundance of Pandorina morum in this pond and to correlate its presence with the physico-chemical characteristics of the water. The findings may help to understand the biological response of phytoplankton to varying levels of pollution and nutrient enrichment in urban freshwater systems (Farha, U.J., et al. 2024).
	
	



MATERIAL AND METHODS 
The present study was conducted at various regions of Kanpur city and Dehat (Musa Nagar, Akbarpur, and Maswanpur) (U.P., India). These are permanent ponds where Sunlight reaches to it, so photosynthesis and growth of Phytoplanktons occur throughout the water and thus the growth or productivity is higher. Planktons, particularly phytoplankton, have long been used as indicators of water quality. They flourish both in highly eutrophic waters while few others are very sensitive to organic load.
For the present study, water samples were collected from a depth of 25 cm. Regular collection of water samples has been taken for one year (May 2024 to April 2025). Regular collection of water samples was done for a year to study plankton diversity regard with the growth of Pandorina morum. 

The samples were usually collected between 9.00 - 1.00 hours from a depth of about 20 cm. and analyzed for the estimation of pH, Total alkalinity, hardness, dissolved oxygen, and dissolved organic matter using standard methods of chemical analysis of waters and wastewaters as detailed in APHA 1985; Mandal et al., 2021)
Biological methods used for assessing water quality include the collection, counting, and identification. Various steps have been taken for planktonic estimation. Plankton net, concentration technique, preservation of the sample and Counting method were used for observation. A plankton net (mesh size 60 µm) for plankton collection. The phytoplankton species were identified with the help of standard taxonomic works. The occurrence of Pandorina morum was correlated with the physico-chemical characteristics to assess its bioindicator role in evaluating water quality of ponds.


RESULT AND DISCUSSION 

From the very beginning, it became apparent that the sample could be grouped into two categories: samples with Pandorina morum represented by low population densities and samples in which the phytoflagellate was represented as dominant plankton growth. The parameters of water quality were grouped accordingly and analyzed statistically. The results are presented in tabulated form as follows:
Table 1: Samples with Pandorina morum population represented in lower densities
	
	Temp.
	pH
	Ph. Alkalinity
	Total  Alkalinity
	Hardness
	DO
	DOM

	N
	12
	12
	12
	12
	12
	12
	12

	Minimum
	12.5
	8.4
	19.8
	242.3
	2.56
	6.5
	64.5

	Maximum
	21.2
	10.2
	42.8
	312.5
	32.64
	12.0
	91.5

	Average
	16.2
	8.7
	32.6
	267.0
	285.6
	8.3
	80.2

	St. deviation
	2.8
	0.1
	7.5
	22.1
	2.8
	1.1
	9.7


(Temp as °C, Ph. Alk., T. Alk. & DO as mg/l, Hardness as mg/l of CaCO₃, DOM as mg/l of O₂ equivalent)


Table 2: Samples with Pandorina morum population as dominant plankton growth
	
	Temp.
	pH
	Ph. Alkalinity
	Total Alkalinity
	Hardness
	DO
	DOM

	N
	10
	10
	10
	10
	10
	10
	10

	Minimum
	9.0
	8.4
	19.1
	160.0
	226.0
	5.6
	163.0

	Maximum
	21.0
	8.7
	41.0
	303.0
	306.0
	8.3
	192.5

	Average
	14.8
	8.6
	31.8
	251.6
	263.3
	7.1
	180.9

	St. deviation
	3.6
	0.1
	6.7
	37.8
	26.2
	0.8
	10.26


(Temp as °C, Ph. Alk., T. Alk. & DO as mg/l, Hardness as mg/l of CaCO₃, DOM as mg/l of O₂ equivalent)
Most of the lentic aquatic systems of Kanpur city & dehat appear to be hypertrophic systems with a high degree of organic enrichment and possess a specialized plankton community characterized by a low system diversity and stability. Many of these systems receive varying amounts of wastewaters of diverse types, which add to the organic load and salt content of these systems. This results in a specialized chemical picture in which few forms can survive. The plankton samples were characterized by frequent repetition of the same species again and again and a drastic reduction in biodiversity. 
In most cases, only one or two species were found in a sample (Bora & Sharma, 2022, Ramachandra et al., 2022). In several samples, only two or three, and in rare cases four or five species were observed growing together in an aquatic system. The lentic aquatic systems of the city are, therefore, similar to other hypertrophic systems recorded elsewhere (Rathod & Parmar, 2025, Singh & Kaur, 2024, Saha et al., 2022, Banerjee et al., 2024, Ahmed et al., 2021).
The most interesting observation, which emerges out of the present study, is that much variety was found in the chemical nature of the aquatic systems investigated. The small puddle on one side of the road could be found to have a very high concentration of dissolved organic matter, whereas the pond on the other side of the road could have very low organic matter content but a high pH. This variety was reflected in the biotic spectrum, which occurred in these systems. In a relatively small locality, different ponds and puddles could possess an entire different set of plankton population. However, if we consider individual ponds and puddles the biotic constituents were characterized by a highly reduced biodiversity. This is indicative of the fact that these systems are highly specialized systems, only those forms survive which are capable of thriving under the specialized conditions of the aquatic environment (Patel & Thakur, 2023, Happay-Wood,1988, Swamy & Devi, 2021, Abbasi S.A. et al, 1996). 
Grossly polluted waters with appreciably high organic matter content were also found to have a little lower hardness and total alkalinity (cf. Table 1-2). Pandorina morum, the phytoplankton concerned, was found to be represented by very low populations in waters having a relatively lower average dissolved organic matter content. In the 12 samples in which this phytoflagellate was found to occur the dissolved organic matter content ranged between 64.5 to 91.5 mg/l (the mean being 80.2 mg/l with a standard deviation of 9.7). Waters in which dominant Pandorina populations occurred had a significantly higher dissolved organic matter content, which ranged between 163.0 to 192.g/l (having the mean value of 180.9 mg/l with a standard deviation of 10.26 only). It is apparent that the phytoflagellate investigated prefers organically enriched waters which tend to suppress other forms and hence a drastic reduction in biological diversity (Saras, 2021; Saras, 2023). Little appreciable differences were found in the values of other parameters investigated during the current study.

CONCLUSION
The present study clearly shows that changes in physical and chemical factors such as temperature, dissolved oxygen (DO), pH, hardness, total alkalinity, and domestic discharge directly influence the growth and distribution of phytoplankton, including Pandorina morum. 

During the summer and monsoon seasons, higher temperatures and alkalinity, along with domestic waste inflow, increased the nutrient content of the pond, creating suitable conditions for algal growth. In contrast, the dissolved oxygen levels were found to decrease due to the rise in organic matter and biological activity.

The study also found that high alkalinity and hardness were associated with domestic and agricultural runoff, which made the pond water moderately polluted. Under these conditions, Pandorina morum was found to occur frequently and abundantly, showing its tolerance to organic enrichment and adaptability to stagnant nutrient-rich waters. The species, therefore, reflects mesotrophic to eutrophic water conditions, where the pond experiences moderate to high organic load.

From these findings, it can be concluded that Pandorina morum acts as an effective bioindicator of water quality, showing the biological response of the pond ecosystem to pollution and nutrient enrichment. Regular observation of such phytoplankton, along with water quality parameters, can help in understanding the ecological health, productivity, and pollution status of freshwater bodies in the Kanpur region.
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