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Abstract 
This study was conducted to investigate the status of water quality 

for fisheries and aquatic environment in Chalan Beel, the largest 

wetland ecosystem in Bangladesh. Water samples were collected 

from five sampling stations over the period from February 2020 to 

January 2021 during the pre-monsoon, monsoon, and post-monsoon 

seasons, respectively. Surface water controlling parameters such as 

temperature, transparency, pH, DO, TDS, EC, total hardness, total 

alkalinity, Chlorophyll a, and TSI of Chalan Beel were monitored 

seasonally. The study revealed that temperature, transparency, pH, 

DO, TDS, EC, total alkalinity, total hardness, PO4, and NO3 

exceeded the recommended level for fish culture. On the other 

hand, NH3, SO4, NO2, Chlorophyll a, and trophic state index (TSI) 

were within the standard limits for aquaculture. Concentrations of 

Chlorophyll a and TSI (CHL) indicated no definite trend with 

seasons. In conclusion, the wetland is in mesotrophic condition as 

the TSI (CHL) was within 40, and apparently, there was a positive 

relationship between Chlorophyll a and TSI. To conserve a healthy 

environment of the beel ecosystem, it is necessary to promote 

knowledge about water quality issues and beel management 

through monitoring and research. 
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Introduction 
 

Inland water bodies have been supporting rich and diversified fisheries and, thus, are critically important 

to the people of Bangladesh for their food security and livelihood (Hasan, 2004). However, due to sharp 

decline of natural fish production and consumption over the last years and created protein deficiency. The 

beel is a Bengali term used for relatively large surface, static water body that accumulates surface run-off 

water through an internal drainage channel (Banglapedia, 2004). This type of shallow and seasonal water 

body is common in low-lying floodplain areas throughout Bangladesh. The Chalan Beel is a large 

depression wetland in the northwest region of Bangladesh, which has a huge ecological and social 

importance. Chalan Beel is consisted of a series of depressions interconnected by many channels to form 

one continuous area of water bodies during rainy season (July to November), and it shields an area of 

about 375 km
2
 (Hossain et al., 2009). During the dry winter and summer, the water area decreases to 52 to 

78 km
2
 and looks like a cluster of Beels of different sizes (Shahnaz, 2005; Hossain et al., 2009), providing 

excellent alluvial cropland in the post-monsoon season. This beel is one of the most important sites for 

fishing, agriculture, aquaculture, livestock farming, integrated farming, and a site of recreation for the 

tourist. Nationally, this beel plays an important role in producing a huge number of different fish species 

and it supplies fish to local and national markets and provides a livelihood to around 0.1 million fishermen 

(Hossain et al., 2009; Karim et al., 2020). 

 

Water is the natural habitat of fishes and other aquatic animals, therefore, of great importance to study 

water quality while studying fish production (Kabir et al., 2020). Water provides the physical support in 

which aquatic organisms carry out their life functions such as breeding, nursing, feeding, swimming, 

digestion and excretion (Islam et al., 2021). Physicochemical water quality is pointed as an important 

factor to the success or failure of a fish culture operation. By assessing the physical, chemical and 

biological characteristics of water, one can conclude about its quality. Physicochemical water quality 

focuses on the various aspects of physicochemical parameters that detect the status of pollution and the 

suitability of a particular water body for various aquatic organisms (Islam et al., 2015). Nutrients in water 

play an important role in the lives of aquatic organisms including fish. Water nitrogen is found both as 

inorganic and organic species and in dissolved and particulate forms. Inorganic nitrogen exists both as 

oxidized species such as nitrate (NO3
-
) and nitrite (NO2

-
) and reduced species like ammonia (NH4

+
+NH3) 

and nitrogen gas (N2). Dissolved phosphorus is readily available for plants and consists of inorganic 

orthophosphate such as H2PO4
-
, HPO4

2-
, PO4

3-
 and organic phosphorus containing compounds (Rahaman 

et al., 2013a). All aquatic organisms including fish depend directly on nutrients for their survival, growth 

and reproduction. Some nutrient levels are related to the chlorophyll availability of the water body, which 

means the availability of phytoplankton in the water. Thus, nutrient availability is directly related to the 

productivity of the water body (Rahaman et al., 2013b). A shortage of nutrients causes the water body to 

be unproductive. An excess of nutrients causes eutrophication by algal blooms and makes the water toxic. 

So, nutrient concentration must be within an acceptable limit for a good aquatic environment and for 

better production of aquatic organisms including fish (Senthilkumar, Purvaja and Ramesh, 2008). Hence, 

the assessment of trophic status index (TSI) of water body and determining its limiting factors are key 

steps in pollution control and eutrophication management. Since algal flora play very important role in 

ecological context; the study of chlorophyll a concentration is of utmost importance (Nion et al., 2020). 

Chlorophyll a concentration may change the surrounding environment - physically, chemically, and 

biologically - in ways that favor or disfavor their continued persistence (Islam et al., 2021). The study of 

chlorophyll a concentration is considered useful for interpreting hydro-chemical variations in freshwater 

reservoir. So the temporal and spatial chlorophyll a concentration may act as an indicator of the water 

quality fluctuation in response to changing environment (Senthilkumar, Purvaja and Ramesh, 2008).  

 

Presently, the Chalan Beel, like many other beels, is at the risk of partial or total degradation due to 

manifold reasons like agricultural encroachment including pesticide usage, siltation along with other 
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anthropogenic activities. Though a few works on physicochemical limnology of Chalan Beel are available 

(Rahman, 2012; Nahian et al., 2018), however, a detailed study on seasonal variation of the water quality 

(physical, chemical, biological and anionic) parameters and trophic state index (TSI) in Chalan Beel is 

evidently lacking. Therefore, the present study aimed to provide data on variations of water quality 

parameters and TSI of Chalan Beel over a period of one year to provide baseline information for assisting 

management decisions of the Beel ecosystem.  

 

Materials and Methods 
 

Study area 

 

The Chalan Beel is situated between 24°31′12″ to 24°38′42″N latitude and 89°00′36″ to 89°35′36″E 

longitudes (Sayeed et al., 2014). At present, the beel was compressed in the districts of Pabna, Sirajganj 

and Natore due to crisscross roads, embankments and expansion of other infrastructure (Sultana and 

Islam, 2016). The major parts of Chalan Beel cover an extensive area of Raiganj upazila of Sirajganj 

district and Chatmohar upazila of Pabna district and Singra upazila of Natore district with the north bank 

of the river Gumani. Therefore, the study was conducted in three representative cluster sites under Natore 

and Pabna districts. The study was conducted from February 2020 to January 2021, where February to 

May, June to September and October to January are considered as pre-monsoon, monsoon and post-

monsoon seasons, respectively. The samples were collected from five sampling stations of three adjacent 

rivers (Atrai, Baral and Gumani) of Chalan Beel. The five sampling stations as St-1 (Atrai River, Natore), 

St-2 (Baral river, Pabna), St-3 (Gumani River, Pabna), St-4 (Baral River, Pabna) and St-5 (Baral river, 

Pabna) were selected according to the following aspects into consideration: i) the streams and drainage 

arms, ii) catchment area, and iii) water level of the river. 

 

Table1: Location of sampling stations in Chalan Beel 

Sampling stations Location Latitude Longitude 

Upazila District 

St-1 (Kachikata) Gurudashpur Natore 24°21'6.14" 89°18'33.12" 

St-2 (Haripur) Chatmohor Pabna 24°15'4.43" 89°16'5.70" 

St-3 (Austamanisha) Bhangura Pabna 24°15'37.50" 89°20'38.21" 

St-4 (Baral bridge) Bhangura Pabna 24°13'0.51" 89°22'46.40" 

St-5 (Thana para) Faridpur Pabna 24°9' 48.23" 89°26'38.20" 

 

Sample collection  

 

Surface water samples were collected from 5 fixed sampling stations of the Chalan Beel for seasonal 

monitoring of water quality control parameters such as transparency, temperature, pH, dissolved oxygen 

(DO), total dissolved solids (TDS), electrical conductivity (EC), total alkalinity (TA), total hardness (TH), 

ammonia (NH3), phosphate (PO4), sulphate (SO4), nitrate (NO3), nitrite (NO2), and chlorophyll a. To 

analyze the physicochemical quality, major nutrients and chlorophyll a concentration, 1,000 ml of water 

was collected in plastic bottles with double stoppers from each sampling point. Before sampling, the bottle 

was cleaned and washed with a detergent solution and treated with 5% nitric acid (HNO3) over night. The 

bottles were finally rinsed with deionized water and dried. At each sampling station, the sampling bottles 

were rinsed at least three times before sampling was done. Pre-prepared sampling bottles were immersed 

about 10 cm below the surface water. After sampling, the bottles were screwed carefully and marked with 

the respective identification number. The samples were filtered with pre-combusted (4h, 450°C) Whatman 

GF/C filters. After filtration, the samples were kept frozen (-20°C) until analysis (within 48 hrs) to avoid 

further contamination until analysis (Islam et al., 2021).  
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Figure 1: Map showing the study area of Chalan Beel (Source: Modified from Sayeed et al., 2014). 

 

Sample analysis 

 

The physicochemical parameters of water were analyzed in the laboratory of the Department of 

Environmental Science and Resource Management of the Mawlana Bhashani Science and Technology 

University. Temperature and pH were determined by the thermometer and digital pH meter, respectively. 

Buffer solution containing pH 7.0 was used to calibrate the digital pH meter. The DO was determined by 

digital DO meter where sodium thiosulphate (0.025N) was used as a reagent. The EC and TDS were 

determined by EC and TDS meter, respectively. Total alkalinity (TA) and total hardness (TH) were 

determined by using titration technique. For the determination of dissolved nutrient concentrations, the 

water samples were prepared for ionic test followed by APHA (2005) using spectrophotometer (HACH 

DR 2800 Spectrophotometer) analysis in the Laboratory of the Bangladesh Fisheries Research Institute 

(BFRI), Mymensingh. After instrumental measurements, the values of ions including ammonia (NH3), 

nitrate (NO3), nitrite (NO2), phosphate (PO4) and sulphate (SO4) were calculated using computer-aided 

tools. The Chlorophyll a of water samples were analyzed by 90% acetone method in the Biochemistry and 

Molecular Biology Laboratory of the Mawlana Bhashani Science and Technology University. 

 

Statistical analysis 

 

The data was prepared and tabulated properly, and statistical analysis was performed on it. The data was 

presented and interpreted using Microsoft Office Excel and SPSS version 20.0 program. Pearson’s 

correlation analysis was completed to illustrate the interrelationships between the water physicochemical 

parameters. The study's findings were presented in the form of graphs and tables. 
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Results and Discussion 
 

Physiochemical Parameters 

 

Temperature 

 

The highest temperature 32.5°C was found at St-2 during monsoon and the lowest temperature 20.9°C 

was found at St-1 during post-monsoon (Figure 2). Typically, the highest mean temperature of 31.70°C 

was found in monsoon and the lowest temperature 21.34°C was found in post-monsoon (Table 2). The 

standard value for water temperature is 20 to 30ºC (EQS, 1997), hence the water temperature of the 

Chalan Beel was optimum for aquatic life. A mean water temperature of 27.68°C was recorded by Sayeed 

et al. (2015) in Chalan Beel, which is almost similar to the present study. The water temperature was 

found 28.7 to 3l.7°C during the wet season and 22.4 to 25.6°C during the dry season, respectively, in the 

Ashulia beel (Islam, Suravi and Meghla, 2010). The water temperature ranged from 25.6 to 28.7 ºC, 22.3 

to 24.3 ºC and 24.1 to 25ºC during high tide, and 25.4 to 28.2 ºC, 23.8 to 24.3 ºC and 24 to 24.9ºC during 

low tide over pre-monsoon, monsoon and post-monsoon seasons, respectively, in the Sundarbans 

mangrove of Bangladesh (Nion et al., 2020). The highest mean temperature 31.1°C was found in monsoon 

and the lowest 21.12°C was found in post-monsoon in the Kaptai Lake water (Islam et al., 2021). This 

could be due to varied collection times and seasonal factors (Kabir et al., 2020). 

 

 
Figure 2: The temperature at various sampling stations during different seasons. 

 

Transparency 

 

The highest transparency level of 153.10 cm was found at St-2 during post-monsoon and the lowest 

transparency of 8.19 cm was found at St-5 during monsoon (Figure 3). On the other hand, the mean 

highest transparency of 54.30 cm was found in post-monsoon and the lowest transparency of 22.12 cm 

was found in monsoon season (Table 2). The transparency of productive water bodies should be no more 

than 40 cm (Rahman, 1992). It was indicated that the water of the studied beel was suitable for the aquatic 

organisms including fishes all through the three seasons, because of transparency within the desirable 

range. According to Sayeed et al. (2015), the highest Secchi depth was (278 cm) measured at the Baral 

site in October followed by the Gumani and the Katagang in October and August, respectively. The 

minimum transparency was 45 cm exhibited by the Baral site during March, which was closely followed 
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by the Katagang and the Gumani site, respectively, in February (Sayeed et al., 2015). The transparency 

was found at 6.85 to 21.50 cm during wet and 5.25 to 13.75 cm during dry season in the Ashulia beel 

(Islam, Suravi and Meghla, 2010). The highest transparency of 303 cm was found in post-monsoon and 

the lowest transparency of 17 cm was found in monsoon season in the Kaptai Lake water (Islam et al., 

2021).  

 

 
Figure 3: Transparency in different season at different sampling station 

 

 

 
Figure 4: The pH in different season at different sampling station 

 

pH 

 

The highest pH level 8.47 was found at St-2 during pre-monsoon and lowest pH 6.53 was found at St-2 

during post-monsoon (Figure 4). Generally, the mean highest pH was 8.06 found in pre-monsoon and the 

lowest 6.79 in post-monsoon season (Table 2). The standard limits of pH for inland surface water are 6.5 
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to 8.5 (EQS, 1997) and the study revealed that the pH values of all sampling stations were within the 

standard limit. Nahian et al. (2018) found that pH value was 8.14, 7.76 and 7.44 for pre-monsoon, 

monsoon and post-monsoon, respectively, in Gowain River. The average pH in wet and dry seasons was 

found 7.73 and 8.03, respectively, in the Tista River (Islam et al., 2014), which is more or less parallel to 

the present study. The pH levels in Ashulia Beel were 7.1 to 7.8 in the wet season and 7.1 to 8.4 in the dry 

season, confirming the slightly alkaline quality of the beel water (Islam, Suravi and Meghla, 2010).  

 

Total dissolved solid (TDS) 

 

A constant level of minerals in the water is necessary for aquatic life; changes in the amounts of dissolved 

solids can be harmful because the density of total dissolved solids determines the flow of water in and out 

of an organism’s cells. Concentrations that are too high or too low may limit the growth and may lead to 

the death of many fish or reefs (Weber-Scannell and Duffy, 2007). The highest and lowest TDS was found 

at St-2 (248 mg/L) and St-4 (56 mg/L) in pre-monsoon and post-monsoon season, respectively (Figure 5). 

Mean TDS contents were found 128.40, 103 and 85.39 mg/L in pre-monsoon, monsoon and post-monsoon 

season, respectively (Table 2). The standard level of TDS for aquatic environment or fisheries is 500 mg/L 

(EQS, 1997) and the results depict that river water had low TDS level. The mean values of total dissolved 

solids (TDS) at the different sites in the Chalan Beel were 158.64, 217.56 and 176.62 mg/L in the Gumani, 

Katagang and the Baral River, respectively (Sayeed et al. 2015). In the dry season, the TDS value ranged 

from 207 to 276 mg/L in the studied area which was higher than wet season and exceeded the standard 

limit in the Ashulia Beel (Islam, Suravi and Meghla, 2010). The mean highest TDS 80.5 mg/L was found 

in post-monsoon and the lowest TDS 44.5 mg/L was observed in monsoon season in the Kaptai Lake 

water (Islam et al., 2021).  

 

Table 2: Water quality parameters along with Trophic State Index (TSI) in Chalan Beel 

Parameters Seasons (mean ± SD) 

Pre-monsoon Monsoon Post-monsoon 

Temperature (ºC) 23.54±1.07 31.70±0.74 21.34±0.44 

Transparency (cm) 41.50±35.72 22.15±24.04 54.30±55.64 

TDS (mg/L) 128.40±67.43 103.00±7.81 85.39±21.84 

pH 8.06±0.27 7.76±0.49 6.79±0.16 

DO (mg/L) 6.04±1.18 7.06±0.24 6.34±0.49 

EC (µS/cm) 173.40±21.51 187.40±11.61 134.80±14.49 

Alkalinity (mg/L) 105.20±45.41 100.00±28.48 122.01±22.93 

Hardness (mg/L) 66.60±15.01 73.20±5.59 76.00±12.81 

NH3 (mg/L) 0.02±0.01 0.02±0.01 0.02±0.01 

NO3 (mg/L) 21.40±5.25 13.98±5.25 18.08±11.15 

NO2 (mg/L) 0.12±0.05 0.15±0.07 21.34±0.44 

PO4 (mg/L) 2.62±1.46 3.58±2.19 54.30±55.64 

SO4 (mg/L) 24.00±12.02 28.40±8.02 85.39±21.84 

Chlorophyll a (µg/L) 1.36±0.34 1.31±0.49 0.99±0.17 

TSI (SD) 75.91±10.01 86.60±11.98 73.09±11.21 

TSI (CHL) 33.40±2.35 32.81±3.30 30.35±1.84 
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Figure 5: The TDS concentrations at various sampling stations during different seasons 

 

Dissolved oxygen (DO) 

 

The lowest DO (4.0 mg/L) was found at St-1 during pre-monsoon and the highest DO (7.40 mg/L) was 

found at St-1 during monsoon season (Figure 6). Usually, the highest DO (7.06 mg/L) was found in 

monsoon and the lowest DO (6.04 mg/L) was observed in pre-monsoon season (Table 2). When dissolved 

oxygen becomes too low, fish and other aquatic organisms cannot survive (Islam et al., 2017). Nahian et 

al. (2018) found their study in Gowain River the mean concentration of DO was 4.86, 5.18 and 4.42 mg/L 

in pre-monsoon, monsoon and post-monsoon season, respectively. Adequate DO is needed to maintain 

good water quality, aquatic organism endurance, and microorganism putrefaction of waste (Islam, Suravi 

and Meghla, 2010; Rahman et al., 2012). For fisheries, the optimal DO concentrations ranged from 4 to 6 

mg/L (Boyd, 1998), below which most aquatic species will perish. In Dhaleswari River, the lowest value 

of DO was observed 4.9 mg/L in monsoon and 4.1 mg/L in post-monsoon season, suggesting that the 

concentration of DO was higher in monsoon than in post-monsoon and pre-monsoon seasons (Islam et al., 

2012). However, the present investigation disclosed that the obtained results of DO were within the 

permissible limit (5 mg/L) for aquatic environment established by ECR (1997). The range of investigated 

DO was 1.1 to 2.1 mg/1 during the wet and 0.5 to 2.0 mg/1 during the dry season indicated that observed 

DO content was much lower than the desired limit and the Ashulia Beel water quality was not suitable for 

fisheries and aquatic organisms (Islam, Suravi and Meghla, 2010). During the study period, the averages 

DO of the different stations all through the seasons ranged from 6.35 to 7.21 mg/L in the Kaptai Lake 

water (Islam et al., 2021).  

 

Electrical conductivity (EC) 

 

The lowest EC value 109 µS/cm was found at St-3 during post-monsoon and the highest EC 199.0 µS/cm 

was found at St-4 during pre-monsoon (Figure 7). On an average, the mean highest EC 187.40 µS/cm was 

found in monsoon and the lowest EC 134.80 µS/cm was observed in post-monsoon (Table 2). For inland 

surface water EC contents 800 to 1000 μS/cm is suitable for aquatic environment (ECR, 1997) and the EC 

contents of Chalan Beel was very lower than the standard. The EC contents of Turag River water ranged 

from 691 to 822 μS/cm, 618 to 1334 μS/cm and 155 to 276 μS/cm in post monsoon, pre-monsoon and 

monsoon season, respectively, and in the monsoon season, the flow of the river increases that may cause 
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the dilution of the salinity of the water, while in dry season, the flow of the river decreases resulting into 

an increase of EC (Meghla et al., 2013). The higher values of conductivity were obtained during low 

rainfall months and low conductivity values were obtained during the high rainfall months (Kabir et al., 

2020). In wet season the range of EC was 130 to 310 μS/cm, and in dry season the range of EC was 341 to 

442 μS/cm in the Ashulia Beel water (Islam, Suravi and Meghla, 2010). Usually, the highest EC of 141.24 

μS/cm was found in post-monsoon and the lowest of EC 82.50 μS/cm was observed in monsoon season in 

the Kaptai Lake water (Islam et al., 2021).   

 

 
Figure 6: The DO contents in different season at different sampling station 

 

 

 
Figure 7: The EC contents in different season at different sampling station 
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Total alkalinity 

 

The lowest alkalinity 55 mg/L was found at St-1 during post-monsoon and highest alkalinity 156 mg/L 

was found at St-3 during pre-monsoon season (Figure 8). On an average, the highest alkalinity of 122.01 

mg/L was found in post-monsoon and the lowest alkalinity of 100.0 mg/L was observed in monsoon 

season (Table 2). According to Nahian et al. (2018), the mean alkalinity was 279.30, 163.95 and 188.16 

mg/L in pre-monsoon, monsoon and post-monsoon season, respectively. According to Rahman (1992), 

standard value of alkalinity is >100 mg/L for fresh water and most of the water samples. Mobin et al. 

(2014) determined the minimum alkalinity 109.98 mg/L at Ashulia Beel in monsoon season and maximum 

411.10 mg/L at Abdullapur in pre-monsoon season of the Turag River. In monsoon, post-monsoon, and 

pre-monsoon seasons, the concentration of alkalinity in Dhaleshwari River was found to vary from 126 to 

200, 150 to 595 and 450 to 640 mg/L, respectively (Islam et al., 2012). The highest alkalinity 137.5 mg/L 

was found in post-monsoon and the lowest alkalinity 62.5 mg/L was observed in monsoon season in the 

Kaptai Lake water (Islam et al., 2021). The concentration of alkalinity was found 30 to 63 mg/L in wet 

and from 90 to 115 mg/L in dry season in the Ashulia Beel water (Islam, Suravi and Meghla, 2010).  

 

 
Figure 8: The total alkalinity contents in different season at different station 

 

Total hardness 

 

The most important impact of hardness on fish and other aquatic life seems to be the effect the presence of 

these ions has on the other more toxic metals such as lead, cadmium, chromium and zinc. Generally, 

harder the water, lower the toxicity of other metals to aquatic life (Islam et al., 2015). The lowest hardness 

43 mg/L was found at St-1 during pre-monsoon and highest hardness 95 mg/L was found at St-1 during 

post-monsoon (Figure 9). The average highest hardness 76.01 mg/L was found in post-monsoon and the 

lowest hardness 66.60 mg/L was found in monsoon season (Table 2). Hardness of water is due to the 

presence of chloride, sulfate, carbonate and bicarbonate (Rahman et al., 2012). Accordingly, the water of 

the Chalan Beel may be regarded as slightly hard (Rahman, Rahman and Asaduzzaman, 2010). The 

optimum hardness for aquatic organism is 123 mg/L (Huq and Alam, 2008), and this study revealed that 
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hardness contents were more or less suitable for fisheries. The average hardness in Tista river water of wet 

and dry seasons was found 98.48 and 102.46 mg/L, respectively (Islam et al., 2015), which is closely 

analogous to the present investigation. The value of hardness was found to vary from 30.0 to 91.3 mg/L in 

wet and from 115 to 127 mg/L in dry season in the Ashulia Beel water (Islam, Suravi and Meghla, 2010). 

The average highest hardness 71.25 mg/L was found in pre-monsoon and the lowest hardness 43 mg/L 

was found in monsoon season in the Kaptai Lake water (Islam et al., 2021).  

 

 
Figure 9: The total hardness contents in different season at different station 
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highest concentration of NO3 (1.625 mg/L) was recorded during post-monsoon while the lowest 

concentration (1.25 mg/L) was found during pre-monsoon season in Kaptai Lake water. According to 

Kamal et al. (2007) in Mouri River showed the maximum NO3 concentration as 1.85 mg/L in St-2, and 

varied from 0.57 to 1.85 mg/L.  

 

Table 3: Dissolved nutrient concentrations in water of Chalan Beel 
DN 

(mg/L) 

Pre-monsoon Monsoon Post-monsoon 

St-1 St-2 St-3 St-4 St-5 St-1 St-2 St-3 St-4 St-5 St-1 St-2 St-3 St-4 St-5 

NH3 0.01 0.02 0.01 0.03 0.01 0.01 0.01 0.03 0.02 0.01 0.02 0.01 0.02 0.03 0.04 

NO3 20.40 15.20 18.10 25.10 28.20 10.3 8.20 18.10 5.10 28.20 17.80 15.20 18.10 4.10 35.20 

NO2 0.07 0.15 0.09 0.10 0.18 0.11 0.20 0.11 0.08 0.25 0.10 0.09 0.21 0.20 0.28 

PO4 5.20 1.80 2.10 2.30 1.70 7.20 4.10 2.50 2.20 1.90 4.20 1.50 2.15 2.20 1.80 

SO4 12 40 15 20 33 25 40 24 20 33 22 10 13 25 40 

Note: DN = Dissolve Nutrients. 

 
Figure 10: Concentration of NH3 in different season at different station 
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Figure 11: Concentration of NO3 in different season at different station. 

Nitrite (NO2) 
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NO2 (0.12 mg/L) was found during pre-monsoon (Table 3). Islam et al. (2021) found that the mean 

highest concentration of NO2 (0.025 mg/L) was recorded during monsoon while the lowest concentration 

of NO2 (0.02 mg/L) was found during pre-monsoon and post-monsoon season in Kaptai Lake. The mean 

highest concentration of NO2 (0.025 mg/L) was recorded during monsoon while the lowest concentration 

of NO2 (0.02 mg/L) was found during pre-monsoon and post-monsoon season in Sundarbans mangrove 

water (Nion et al., 2020).  

 

 
Figure 12: Concentration of NO2 in different season at different station 
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Phosphate (PO4) 

 

The lowest concentration 1.50 mg/L was found at St-2 during post-monsoon and highest concentration 

5.20 mg/L was found at St-1 during pre-monsoon (Figure 13). On average the highest concentration of 

PO4 (3.58 mg/L) was recorded during monsoon while the lowest concentration of PO4 (2.37 mg/L) was 

found during post-monsoon (Table 3). Phosphate is one of the limiting nutrients for floral growth in 

freshwater bodies that regulate phytoplankton production (Pal and Chakraborty, 2014). In a study the 

phosphate level was recorded in the winter season 0.225 mg/L and 0.825 mg/L in the summer season 

(Sarwade and Kamble, 2014). Manohar (2018) found the mean monthly lowest and highest amount of 

total phosphorus 329.21 and 1246.38 mg/L, respectively, at two different sampling stations, whereas the 

average value of phosphorus was 796.66 mg/L. The highest concentration of PO4 (1.81 mg/L) was 

recorded during monsoon, while the lowest concentration (1.13 mg/L) was found during post-monsoon 

season in the Kaptai Lake water (Islam et al., 2021). 

 
Figure 13: Concentration of PO4 in different season at different station 

 

Sulphate (SO4) 
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in both the seasons were much below this range, except at Subolong in dry season (Karmakar et al., 2011). 

The highest concentration of SO4 (69.75 mg/L) was recorded during post-monsoon while the lowest 
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The highest Chlorophyll a was found 2.12 µg/L at St-4 during monsoon and the lowest 0.70 µg/L was 

found at St-1 during post-monsoon season (Figure 15). The mean highest Chlorophyll a of 1.63 µg/L was 

found in monsoon and the lowest 0.99 µg/L was in post-monsoon season. The mean highest Chlorophyll a 

(1.60 μg/L) was found in monsoon and the lowest (0.98 μg/L) was found in post-monsoon season in the 

Kaptai Lake water (Islam et al., 2021). The concentrations of chlorophyll a ranged from 0.611 to 0.840, 

0.217 to 1.168 and 0.180 to 1.75 mg/L during high tide, and 0.638 to 0.883, 0.218 to 1.189 and 0.69 to 

1.88 mg/L during low tide over pre-monsoon, monsoon and post-monsoon season, respectively in the 

Sundarbans mangrove water (Nion et al., 2020). 

 

 
Figure 14: Concentration of SO4 in different season at different station 

 

 

 
Figure 15: The context of Chlorophyll a in different season at different station 
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Estimation of Trophic State Index (TSI) 

 

Chlorophyll a TSI 

 

The highest Chlorophyll a TSI 37.97 was found at St-4 during monsoon and the lowest Chlorophyll a TSI 

27.14 was found at St-1 during post-monsoon season (Figure 16). However, on average the highest 

Chlorophyll a TSI 33.40 was found in pre-monsoon and the lowest Chlorophyll a TSI 30.35 was found in 

post-monsoon season. Khondker et al. (2010) recorded Chlorophyll a TSI 41.24 in Bogakain Lake of 

Bandarban, Bangladesh. According to Yang et al. (2012), on the basis of Chlorophyll a TSI, the Beel is 

oligo-mesotrophic (30<TSI≤40). The highest Chlorophyll a TSI (34.56) was found in pre-monsoon and the 

lowest Chlorophyll a TSI (29.71) was found in post-monsoon season in the Kaptai Lake water (Islam et al., 

2021).   

 

 
Figure 16: The status of Chlorophyll a TSI in different season at different sampling station 

 

Secchi disc TSI 

 

The highest Secchi disc TSI (96.05) was found at St-5 during monsoon and the lowest Secchi disc TSI 

(53.86) was found at St-2 during post-monsoon season (Figure 17). On average the highest Secchi disc TSI 

(86.60) was found in monsoon and the lowest Secchi disc TSI (73.09) was found in post-monsoon season. 

The Secchi disc TSI of Kaptai Lake recorded 48.19 in pre-monsoon and 53.00 in post-monsoon season 

(Rahman et al., 2014). The average TSI (SD) was found 89.80, 107.83 and 100.73 in pre-monsoon, monsoon 

and post-monsoon season, respectively, in Kaptai Lake (Islam et al., 2021). Results of the study found that 

according to Yang et al. (2012) on basis of Secchi disc TSI the Beel has middle eutrophic (60<TSI≤70) 

condition. 
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indicates a perfect relationship between the variables, and −1 indicates perfect relationship, but the 

variables vary inversely, and a zero value means no relationship between the variables (Shil, Singh and 

Mehta, 2019). For statistical analysis, the real values of the variables (temperature, transparency, pH, EC, 

TDS, DO, alkalinity, hardness, ammonia, nitrate, nitrite, phosphate, sulphate and chlorophyll a) were used 

(Table 4). The correlation matrix (Table 4) showed the actual Pearson’s correlation coefficient values. 

Significant positive correlations exist between Trans.-TDS, Trans.-pH, TDS-pH, pH-SO4 and NO2-SO4 

during the pre-monsoon season. The analysis showed a significant positive association between EC-TDS 

and Temp.-NO2 during the monsoon season (Table 4). This indicates that the variables are changing in a 

direct proportional relationship. However, strong positive correlation between PO4-Hardness, SO4-NH3 

and pH-Chlorophyll a were also observed throughout the post-monsoon seasons (Table 4). A reasonable 

and considerable negative correlation was also identified for pH-DO, showing that they change in an 

inverse proportionate manner. 

 
Figure 17: The status of Secchi disc TSI in different season at different sampling station 

 

Table 4. Pearson correlation coefficients (r) among physicochemical parameters, dissolved nutrients and 

Chlorophyll a in Chalan Beel water 
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Para-

meter 

Temp. Trans. TDS pH DO EC Alkal. Hard. NH3 NO3 NO2 PO4 SO4 Chlor. a 

NO2   .427 .467 .467 .738 .484 .016 .245 .390 -.025 .311 1    

PO4  .030 -.401 -.428 -.742 -.920
*
 -.434 -.636 -.828 -.279 -.105 -.702 1   

SO4  .056 .805 .799 .929
*
 .395 -.240 .387 .528 .186 -.044 .901

*
 -.660 1  

Chlor. a  -.024 -.276 -.379 -.202 .473 .760 -.588 .352 .614 .817 .117 -.176 -.048 1 

Monsoon 

Temp. 1              

Trans.  .363 1             

TDS   -.197 -.810 1            

pH -.288 .117 -.550 1           

DO   -.097 -.100 .532 -.909* 1          

EC  -.333 -.948* .951* -.321 .320 1         

Alkal.  -.247 -.538 .255 -.280 .288 .382 1        

Hard -.003 -.440 .877 -.823 .807 .688 .074 1       

NH3   -.806 -.321 .036 .719 -.441 .236 -.128 -.280 1      

NO3  .437 -.446 .124 .295 -.614 .278 .100 -.200 -.019 1     

NO2   .879* .296 -.428 .088 -.463 -.420 -.065 -.405 -.584 .652 1    

PO4  .257 .100 .502 -.768 .736 .213 -.364 .837 -.451 -.398 -.233 1   

SO4  .863 .734 -.643 .067 -.339 -.746 -.456 -.404 -.600 .226 .843 .033 1  

Chlor. a -.443 .165 -.388 .024 .196 -.301 .634 -.357 .034 -.492 -.239 -.448 -.239 1 

Post monsoon 

Temp. 1              

Trans.  .016 1             

TDS   -.109 .570 1            

pH .409 .649 -.007 1           

DO   .379 -.289 -.327 -.413 1          

EC  .465 .232 .343 -.198 .748 1         

Alkal.  -.697 .632 .639 .135 -.667 -.264 1        

Hard. -.787 -.543 .006 -.852 -.049 -.273 .241 1       

NH3   .759 -.633 -.449 -.151 .554 .278 -.962** -.240 1      

NO3  .475 -.197 .426 -.010 -.250 .060 -.196 -.131 .455 1     

NO2   .694 -.573 -.562 .175 .136 -.169 -.827 -.346 .870 .480 1    

PO4  -.589 -.489 .117 -.970** .302 .154 .093 .907* -.091 -.114 -.397 1   

SO4  .766 -.521 -.165 -.258 .608 .508 -.859 -.208 .947* .571 .705 .033 1  

Chlor. a .561 .521 -.174 .972** -.227 -.118 -.095 -.915* .057 -.018 .342 -.990** -.077 1 

 

Conclusions 
 

The study concluded that physiochemical parameters of Chalan Beel such as transparency, pH, EC, total 

hardness, total alkalinity, NH3, SO4 and NO2 concentrations were in favor of fisheries. The mean 

concentration of PO4, NO3, DO, TDS and temperature exceeded the recommended value for fisheries 

throughout the study period. Presence of excessive amount of TDS in the reservoir is at most alarming 

condition. Results of the study revealed that wetland was in mesotrophic condition and positive 

relationships exist between Chlorophyll a and trophic state index (TSI). Despite receiving trash from 

various anthropogenic sources, the water quality of Chalan Beel is still good. The current study is a 

baseline investigation of the Chalan Beel's seasonal variation of physicochemical characteristics, which 

will provide useful information for wetland ecosystem management and conservation.  
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