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Abstract  The present study investigates the suitability 

of Jirimukh as an optimal site for sustainable and advanced 

fish culture. The research specifically focuses on the water 

quality parameters at Jirimukh, located at the confluence of 

the Jiri and Barak Rivers in Manipur. The key 

physicochemical parameters assessed to determine the 

optimal conditions for fish growth and survival include 

chloride ion concentration (Cl⁻), total dissolved solids 

(TDS), total alkalinity (TA), pH, turbidity, total hardness 

(TH), dissolved oxygen (DO), biochemical oxygen 

demand (BOD), temperature (Temp), and flow rate. The 

results indicate a sub-alkaline pH range (6.9–7.5) 

throughout the year, with dissolved oxygen (DO) levels 

being highest during the winter months, exhibiting 

minimal seasonal variations. All recorded values fall 

within the ideal ranges for aquaculture, supporting the 

survival of oxygen-demanding fish species. However, 

increased BOD levels during the monsoon season, 

primarily due to runoff from agricultural and livestock 

activities, pose a challenge by promoting eutrophication. 

Additionally, seasonal fluctuations significantly impact 

stream flow rates and other water quality parameters. The 

findings underscore the importance of maintaining water 

quality within the optimal ranges for sustainable fish 

farming. The study highlights the need for an integrated 

aquaculture management approach, alongside continuous 

monitoring of water quality, to ensure the sustainability of 

fish culture in Jirimukh, Jiribam. 

Keywords Jirimukh, Water Quality, Pisciculture, 

Flow Rate, Biological Oxygen, Demand (BOD) 

1. Introduction

Water is an essential factor for sustaining life in the 

ecosystem, as well as being a primary natural resource. 

Water is key for carbon-based lifeforms, Pyrococcus, in 

particular, and originates in rivers, lakes, glaciers, 

rainwater, and aquifers [1]. Although exotic 

compound-solvent pairings could exist under rare 

conditions in parts of the universe, liquid water and 

carbon-based molecules work the best for promoting life. 

Life’s origins have long been linked to interactions 

between carbon molecules, water and hot rocks that require 

liquid water to carry them out. Apart from consumption, 

water resources are crucial for agriculture, hydropower, 

fisheries, and forestry sectors. Urbanization, 

industrialization, and population growth, however, 

threaten not just the quality but also the quantity of surface 

and groundwater. Sustainability in development requires 
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the monitoring and analysis of the physical, chemical, and 

biological properties of water bodies. 

Water quality monitoring is crucial for ecological health 

assessments and resource management, which are 

connected and critical for people who depend on liveliness 

[2]. Water quality is an important factor for aquatic 

ecosystems that directly affect fish health and growth. 

Formation of the best water condition is important for each 

stage of the life cycle of the fish [3], and even more 

importantly, it is significant to promote biodiversity and 

nutrient cycling at river confluences where deposition of 

sediments emerges. One of the aspects of water quality, 

which is crucial for aquatic ecosystems, especially through 

fish productivity, directly refers to the condition of the 

ecosystem [4]. They are numerous and serve as the key 

indicators of ecosystem health, influencing aquatic 

biodiversity [5], [6], [7], one of their habitats and also 

ecology [8]. The most sensitive species may indicate this, 

as aquatic life is largely affected by changing water 

parameters. Assessments of water quality are critical to 

resource savings and sustaining uses like drinking water, 

agriculture, and fisheries. The fish diversity is indicative of 

the health of the aquatic ecosystem [9], [10]. 

Jirimukh, a unique riverine system at the confluence of 

the Jiri and Barak Rivers in Jiribam of Manipur has 

ecological and socioeconomic significance. A major river 

system for Northeast India, the Barak River, flows through 

all of the five states, enhancing biodiversity, local 

livelihoods, and ecosystem services. Confluences are 

dynamic mixing zones where local water quality can vary 

tremendously influencing everything from the health of the 

ecosystem to aquatic biodiversity to the livelihoods of 

communities that depend on fishing and agriculture. 

Seasonal changes including anthropogenic activities and 

upstream influences on Jirimukh produce impacts on water 

quality, which are detrimental to sustaining aquatic life. 

Pollution due to agricultural runoff, urbanization, and 

industrial discharge further strengthens the importance of 

implementing integrated water resource management and 

conservation approaches. The present study aims to 

provide an estimation of some of the water quality 

parameters at Jirimukh and reveal seasonal and spatial 

variations. The study of the physical and chemical 

characteristics of water seeks to expose ecological 

processes at this intersection and their influence on 

biodiversity and human livelihoods. Results will help 

ensure sustainable management practices and conservation 

strategies to preserve the study area. 

2. Methodology

Jirimukh, the study site, is located at the merging point 

of the Jiri and Barak rivers on the border of Assam and 

Manipur. It is located about 15 km southwest of Jiribam 

proper at 24°04'38.6" north latitude and 93°04'38.6" east 

longitude. The study area is approximately 5 to 6 km in 

length, including 3 km upstream and 3 km downstream of 

the Jirimukh (Figure 1). 

2.1. Analysis of Physicochemical Properties of Water 

For physical and chemical tests water samples were 

collected in biochemical oxygen demand (BOD) bottles in 

the morning, and all samples were properly labeled and 

brought to the laboratory for analysis. The physical and 

chemical parameters evaluated were chloride ion (Cl-), 

total dissolved solids (TDS), total alkalinity (TA), the 

potential of hydrogen (pH), turbidity, total hardness (TH), 

dissolved oxygen (DO), BOD, temperature, and flow rate. 

Dissolved oxygen (DO) has been measured in situ using a 

dissolved oxygen meter (Lutron A20 DO5509) and 

manually in the laboratory following Winkler's protocol 

[11]. Cl¯, TDS, TA, and TH were determined manually, 

following the standard protocol of APHA [12], [13]. The 

nephelometric method is used to record the values of 

turbidity. In this method solution A and solution B were 

prepared. Solution A is made up of 1% hydrazine sulfate 

and solution B is prepared of 10% 

hexamethylenetetramine. 5 ml of both solutions are made 

up to 100 ml in a volumetric flask and using the 

nephelometer the value of the sample is recorded after 

calibration [13]. 

2.2. Biochemical Oxygen Demand (BOD) 

The water samples were collected from the study site in 

a BOD bottle as stated earlier without creating air bubbles. 

To the water sample, 2 ml of manganese sulfate and 2 ml of 

alkali azide reagent were added. After that, the samples 

were allowed to settle to the bottom. 2 ml of H2SO4 was 

added to the bottle, and the precipitate was allowed to 

dissolve and kept for 5 days. After 5 days 50 ml of sample 

water was titrated against 0.025 N sodium thiosulfate until 

it became yellow [13]. The BOD was calculated by using 

the following formula. 

BOD (mg/L) = (DO – D5) 

Where, DO = initial reading of DO in the sample. 

D5 = reading of DO after 5 days of incubation. 

2.3. Measurement of River Flow Rate 

The flow rate of the stream was measured with the float 

method [14], [15]. The float method involves allowing a 

low-density object to float in a stream for a predetermined 

amount of time. The time taken by the float allows for the 

calculation of water speed. The water flow in the stream is 

calculated using the cross-sectional area and the speed of 

the water [16]. To avoid errors, 5–10 floats were recorded, 

and the data was presented as mean of recorded data. 

2.4. Statistical Analysis 

Statistical analysis was done with the help of SPSS 21.0 

(IBM Corp., Armonk, New York) and the experimental 

data were presented as the Mean ± SD. 
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Figure 1.  The study site, showing the sampling sites (S1-S10). The study site covers 2 km upstream (S1-S4), 3 km downstream (S6-S10), and S5 is the 

confluence point 

3. Results

3.1. Physico-Chemical Parameters 

The physicochemical parameters of the study site were 

monitored to check water quality suitable for fish survival 

and growth and to observe the correlation between the 

chemical and physical parameters. The water quality 

parameters are ideal for fish survival and growth, with 

chloride, TDS, alkalinity, pH, hardness, DO, and BOD 

meeting the standards. However, the temperature (19.3 °C) 

is below the optimal range of 25–30 °C, and turbidity (9.6 

NTU) is lower than the recommended 20–30 NTU, 

potentially affecting fish metabolism and food availability. 

The high flow rate (163.2 m³/s) indicates good water 

circulation. Overall, the water quality is favourable, 

requiring minor adjustments in temperature and turbidity. 

The results are shown in Tables 1 and 2. 
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Table 1.  Seasonal variation of water parameters in different sampling sites i.e. upstream, confluence point, and downstream at Jirimukh 

Parameters 

Upstream Confluence point Downstream 

winter Pre-monsoon monsoon 
Retreating 

monsoon 
winter Pre-monsoon Monsoon 

Retreating 

monsoon 
winter Pre-monsoon monsoon 

Retreating 

monsoon 

Temperature (°C) 10.2±1.00 15.63±1.00 32.00±3.00 23.63±2.00 10.6±1.00 14.83±2.00 21.50±4.00 22.00±2.00 10.2±0.40 17.37±4.00 31.00±0 .00 21.93± .00 

Cl (mg/L) 63.7±6.00 73.33±5.00 59.29±4.00 76.29±2.00 55.1±9.00 77.17±1.00 57.33±4.00 83.33±8.00 83.0±6.00 79.03±5.00 63.53±0.00 84.53± .00 

TDS (mg/L) 97.3±2.00 108.88±2.00 139.17±15.00 152.17±12.00 93.5±6.00 97.00±8.00 142.50±13.00 165.67±17.00 96.9±2.00 120.10±14.00 149.17±6.00 134.87± 6.00 

Total alkalinity 

(mg/L) 
84.6±2.00 89.92±4.00 92.08±6.00 89.79±5.00 83.1±3.00 89.00±6.00 94.33±8.00 86.83±3.00 87.9±2.00 91.40±3.00 93.33±0.00 90.47± .00 

pH (at 25°C) 7.66±0.10 7.55±0.10 7.26±0.10 7.39±0.10 8.05±0.10 7.83±0.10 7.62±0.10 7.60±0.20 7.78±0.20 7.56±0.20 7.30±0.20 7.49± .20 

Total hardness 

(mg/L) 
89.25±4.00 92.83±7.00 111.46±5.00 90.50±13.00 87.50±2.00 87.17±13.00 113.17±6.00 99.83±12.00 90.4±1.00 99.03±8.00 115.00±7.00 95.97± .00 

Turbidity (NTU) 6.67±0.20 8.78±0.30 12.54±3.00 11.46±3.00 7.08±0.30 9.00±1.00 11.65±2.00 12.02±3.00 6.62±0.30 7.93±1.00 11.24±0.00 10.59± .00 

DO (mg/L) 9.01±0.10 8.64±0.20 7.94±0.30 8.03±0.70 9.32±0.30 8.72±0.10 8.38±0.20 8.80±0.30 8.96±0.10 8.53±0.40 8.66±0.40 8.12± .30 

BOD (mg/L) 3.44±0.20 3.82±0.40 4.40±0.20 4.15±0.50 3.43±0.40 4.10±0.10 4.35±0.10 3.97±0.20 3.79±0.10 4.12±0.20 3.95±0.10 4.31± .10 

Flow rate of water 

(m3/s) 
54.62±31.00 48.13±30.00 346.87±182.00 209.79±105.00 52.68±32.00 48.84±30.00 340.14±183.00 206.50±114.00 54.9±32.00 49.79±32.00 340.80±184.00 205.07± 10.00 
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Table 2.  Comparison of physicochemical parameters to the standards of water quality suitable for fish survival and growth 

Parameters General Average Conclusion: Suitable for fish survival Standards for water quality 

Temperature 19.3 No 25°C – 30°C [18]. 

Cl (mg/L) 71.3 Yes >100 [18]. 

TDS (mg/l) 124.8 Yes < 500 [18]. 

Total Alkalinity (mg/l) 89.4 Yes 50–300 [18]. 

pH (at 25°C) 7.6 Yes 6–9 [18]. 

Total Hardness (mg/l) 97.7 Yes 30–180 [18]. 

Turbidity (NTU) 9.6 No 20–30NTU [18]. 

DO (mg/l) 8.6 Yes ≥ 4 [18]. 

BOD (mg/l) 4.0 Yes 3 – 20 [18]. 

Flow rate of water (m3/s) 163.2 _ _ 

3.1.1. Temperature 

In the upstream, the water temperature was recorded as 

10.25±1.00°C in winter 15.63±1.00°C in pre-monsoon, 

32.00±3.00°C in monsoon, and 23.63±2.00°C in retreating 

monsoon with the average value of 20.38±9.00°C (Table 1; 

Figure 2 i). The water temperature recorded at the 

confluence point was 10.67±1.00°C in winter, 

14.83±2.00°C in pre-monsoon, 21.50±4.00°C in monsoon, 

22.00±2.00°C in retreating monsoon with the average 

value of 17.25±5.00°C. The water temperature recorded at 

downstream was 10.23±0.40°C in winter, 17.37±4.00°C in 

pre-monsoon, 31.00±3.00°C in monsoon, and 

21.93±1.00°C in retreating monsoon with the average 

value of 20.13±8.00°C (Table 1). 

3.1.2. Chloride Ion 

The concentration of chlorides is an important parameter 

for the assessment of water quality and indicates the 

salinization process from both natural and anthropogenic 

pollution. Levels in winter at downstream and confluence 

points increase, whereas during pre-monsoon, the increase 

is pronounced. The monsoon brings water levels down 

with its torrential rains and river flows. Downstream in the 

river system, levels persistently increase due to salt added 

from upstream and tributary sources. The recorded value of 

chloride ion upstream was 63.79±6.00 mg/L in winter 

73.33±5.00 mg/L in pre-monsoon, 59.29±4.00 mg/L in 

monsoon, and 76.29±2.00 mg/L in retreating monsoon 

with an average of 68.18±7.00 mg/L (Table 1; Figure 2 ii). 

The value recorded for chloride ion at the confluence point 

was 55.17±9.00 mg/L in winter, 77.17±1.00 mg/L in 

pre-monsoon, 57.33±4.00 mg/L in monsoon, and 

83.33±8.00 mg/L in retreating monsoon with the average 

value of 68.25±13.00 mg/L. The value recorded for 

chloride ion downstream was 83.00±6.00 mg/L in winter, 

79.03±5.00 mg/L in pre-monsoon 63.53±2.00 mg/L in 

monsoon 84.53±3.00 mg/L in retreating monsoon with an 

average of 77.53±9.00 mg/L. The Chloride ion 

downstream in the retreating monsoon was recorded with a 

maximum value of 84.53±3.00 mg/L whereas the lowest 

was found in the winter season at the confluence point with 

a value of 55.17±9.00 mg/L. It was also further observed 

that there were little variations in chloride ions in the 

remaining seasons or at the sampling sites (Table 1). 

3.1.3. Total Dissolved Solids (TDS) 

Total dissolved solids in the upstream were 97.38±2.00 

mg/L in winter, 108.88±2.00 mg/L in pre-monsoon, 

139.17±15.00 mg/L in monsoon, and 152.17±12.00 mg/L 

in retreating monsoon with an average of 124.40±24.00 

mg/L (Table 1; Figure 2 iii). TDS observed in the 

confluence point was 93.50±6.00 mg/L in winter, 

97.00±8.00 mg/L in pre-monsoon, 142.50±13.00 mg/L in 

monsoon and 165.67±17.00 mg/L in retreating monsoon 

with an average of 124,67±33.00 mg/L. TDS observed 

downstream was 96.97±2.00 mg/L in winter, 

120.10±14.00 mg/L in pre-monsoon, 149,17±6.00 mg/L in 

monsoon, and 134.87±16.00 mg/L in retreating monsoon 

with the average value of 125.28±21.00 mg/L. Except for 

monsoon, TDS levels were observed to be progressively 

increasing at the upstream, confluence point and 

subsequently decreasing downstream. In contrast, low 

winter TDS levels are followed by slow build-up 

pre-monsoon, a steep rise during monsoon, and a slight 

drop during retreating monsoon, probably due to dilution 

by monsoon rains, suggesting increased run-off and 

dissolved solids. 

3.1.4. Total Alkalinity 

The total alkalinity value upstream was found to be 

84.63±2.00 mg/L in winter, 89.92±4.00 mg/L in 

pre-monsoon, 92.08±6.00 mg/L in monsoon, and 

89.79±5.00 mg/L in retreating monsoon with an average of 

89.10±3.00 mg/L (Table 1; Figure 2 iv). The total 

alkalinity value observed at the confluence point was 

83.17±3.00 mg/L in winter, 89.00±6.00 mg/L in 

pre-monsoon, 94.33±8.00 mg/L in monsoon and 

86.83±3.00 mg/L in retreating monsoon with the average 
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of 88.33±4.00 mg/L. The total alkalinity value downstream 

was found to be 87.92±2.00 mg/L in winter, 91.40±3.00 

mg/L in pre-monsoon, 93.33±7.00 mg/L in monsoon, and 

90.47±1.00 mg/L in retreating monsoon, with the average 

of 90.78±2.00 mg/L. The highest total alkalinity value was 

recorded to be 94.33±8.00 mg/L in the monsoon at S5, 

whereas the lowest value was 84.63±2.00 mg/L in the 

winter season in the upstream. 

3.1.5. Potential of Hydrogen (pH) 

In the present study, the pH value of water upstream was 

7.66±0.10 in winter, 7.55±0.10 in pre-monsoon, 7.26±0.10 

in monsoon, and 7.39±0.10 in retreating monsoon with an 

average of 7.47±0.20 (Table 1; Figure 2 v). The pH value 

found at the confluence point was 8.05±0.10 in winter, 

7.83±0.10 in pre-monsoon, 7.62±0.10 in monsoon, and 

7.60±0.20 in retreating monsoon with an average of 

7.78±0.20. The pH value downstream was 7.78±0.20 in 

winter, 7.56±0.20 in pre-monsoon 7.30±0.20 in monsoon, 

and 7.49±0.20 in retreating monsoon with an average of 

7.53±0.20. All the recorded values in different seasons at 

study sites have fluctuated between 7.26±0.10 to 8.05±0.10 

(at 25°C). Thus, the result stipulated sub-alkaline 

characters of water at study site around the year. 

3.1.6. Total Hardness 

The total hardness of water recorded upstream was 

89.25±4.00 mg/L in winter 92.83±7.00 mg/L in 

pre-monsoon, 111.46±5.00 mg/L in monsoon and 

90.50±13.00 mg/L in retreating monsoon with an average 

of 96.01±10.00 mg/L (Table 1; Figure 2 vi). The total 

hardness recorded at the confluence point was 87.50±2.00 

mg/L in winter, 87.17±13.00 mg/L in pre-monsoon, 

113.17±6.00 mg/L in monsoon, and 99.83±12.00 mg/L in 

retreating monsoon with an average of 96.92±11.00 mg/L. 

The total hardness downstream was recorded at 90.47±1.00 

mg/L in winter, 99.03±8.00 mg/L in pre-monsoon, 

115.00±7.00 mg/L in monsoon and 95.97±6.00 mg/L in 

retreating monsoon with the average of 100.12±10.00 

mg/L. The maximum and minimum total hardness of water 

recorded during the study was found to be between 

115.00±7.00 mg/L (in winter) and 87.50±2.00 mg/L (in 

summer). 

3.1.7. Turbidity 

Turbidity is the measure of water clarity that can indicate 

the presence of contaminants. The turbidity of water 

upstream was found to be 6.67±0.20 NTU in winter, 

8.87±0.30 NTU in pre-monsoon, 12.54±3.00 NTU in 

monsoon and 11.46±3.00 NTU in retreating monsoon with 

an average value of 9.86±2.00 NTU (Table 1; Figure 2 vii). 

The turbidity of water at the confluence point was found to 

be 7.08±0.30 NTU in winter, 9.00±1.00 NTU in 

pre-monsoon, 11.65±2.00 NTU in monsoon and 

12.02±3.00 NTU in retreating monsoon with the average of 

9.94±2.00 NTU. The turbidity of water downstream was 

found to be 6.62±0.30 NTU in winter, 7.93±1.00 NTU in 

pre-monsoon, 11.24±2.00 NTU in monsoon and 

10.59±3.00 NTU in retreating monsoon with the average of 

9.09±2.00 NTU. The observed values vary between 

6.62±0.30 NTU to 12.54±3.00 NTU. 

3.1.8. Dissolved Oxygen (DO) 

The dissolved oxygen of water recorded upstream was 

9.01±0.10 mg/L in winter 8.64±0.20 mg/L in pre-monsoon, 

7.94±0.30 mg/L in monsoon and 8.03±0.70 mg/L in 

retreating monsoon with the average of 8.41±0.50 mg/L 

(Table 1; Figure 2 viii). The dissolved oxygen of water 

recorded at the confluence point was 9.32±0.30 mg/L in 

winter, 8.72±0.10 mg/L in pre-monsoon, 8.38±0.20 mg/L 

in monsoon, and 8.80±0.30 mg/L in retreating monsoon 

with the average value recorded 8.80±0.40 mg/L. The 

dissolved oxygen of water recorded downstream was 

8.96±0.10 mg/L in winter 8.53±0.40 mg/L in pre-monsoon, 

8.66±0.40 mg/L in monsoon and 8.12±0.30 mg/L in 

retreating monsoon with the average of 8.57±0.30 mg/L. 

The observed value of DO at study sites ranges from 

7.94±0.30 mg/L to 9.32±0.30 mg/L, which is the optimum 

value for fish life. The highest recorded value was from the 

confluence point in the winter season and the lowest from 

upstream in the monsoon season. All the values recorded in 

every season and site was within the perfect ranges for fish 

life (Tables 1 and 2). 

3.1.9. Biochemical Oxygen Demand (BOD) 

The BOD level was increased from the winter to the 

monsoon and reached a maximum during the monsoon 

season. They are highest at intermediate levels (upstream), 

lowest in winter, and vary with mineralization due to 

different temperatures or low biological activity. The 

seasonal variations are based on the premature monsoon, 

pre-monsoon, monsoon, and re-monsoon periods; thus, the 

BOD levels are affected by seasonal variations. The BOD 

of water upstream was found to be 3.44±0.20 mg/L in 

winter, 3.82±0.40 mg/L in pre-monsoon, 4.40±0.20 mg/L 

in monsoon, and 4.15±0.50 mg/L in retreating monsoon 

with an average of 3.95±0.40 mg/L (Table 1; Figure 2 ix). 

The BOD of water at the confluence point was found to be 

3.43±0.40 mg/L in winter, 4.10±0.10 mg/L in 

pre-monsoon, 4.35±0.10 mg/L in monsoon, and 3.97±0.20 

mg/L in retreating monsoon with an average value of 

3.96±0.40 mg/L. BOD of water downstream was found to 

be 3.79±0.10 mg/L in winter, 4.12±0.20 mg/L in 

pre-monsoon, 3.95±0.10 mg/L in monsoon, and 4.31±0.10 

mg/L in retreating monsoon with the mean value of 

4.04±0.20 mg/L. 

3.1.10. Flow Rate of Water 

The flow rate of water upstream was found to be 

54.62±31.00 m3/s in winter, 48.13±30.00 m3/s in 

pre-monsoon, 346.87±182.00 m3/s in monsoon, and 

209.79±105.00 m3/s in retreating monsoon with the mean 
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value of 164.85±132.00 m3/s (Table 1; Figure 2 x). The 

flow rate of water at the confluence point was found to be 

52.68±32.00 m3/s in winter 48.84±30.00 m3/s in 

pre-monsoon, 340.14±183.00 m3/s in monsoon, and 

206.50±114.00 m3/s in retreating monsoon with the mean 

value of 162.04±129.00 m3/s. The flow rate of water at the 

confluence point was found to be 54.97±32.00 m3/s in 

winter, 49.79±32.00 m3/s in pre-monsoon, 340.80±184.00 

m3/s in monsoon, and 205.07±110.00 m3/s in retreating 

monsoon with the mean value of 162.66±129.00 m3/s. The 

recorded flow rate in the study site had observed a great 

variation with the lowest value of 48.13±30.00 m3/s in the 

pre-monsoon season upstream and the highest value of 

346.87±182.00 m3/s in the monsoon season at upstream. 
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Figure 2.  Line graphs represent different physio-chemical parameters of water. (i) temperature; (ii) chloride; (iii) TDS; (iv) Total alkalinity; (v) pH; (vi) 

Total hardness; (vii) Turbidity; (viii) DO; (ix) BOD; and (x) Flow rate 

3.2. Spearman's Correlation among Physicochemical 

Parameters 

Spearman’s correlation was performed to comprehend 

the correlation among physicochemical parameters. The 

result of Spearman’s correlation is illustrated in Table 3. In 

the present study dissolved oxygen and biochemical 

oxygen demand were found to be significant (p < 0.01) and 

the co-relation coefficient (ρ) was found as -0.977. The 

strong positive correlation was found between TA and 

TDS (ρ = 0.456, p > 0.05), Turbidity and TDS (ρ = 0.944, p 

< 0.01), TH and TDS (ρ = 0.594, p < 0.01), BOD and TDS 

(ρ = 0.876, p < 0.01), Temp and TDS (ρ = 0.883, p < 0.01), 

Flow rate and TDS (ρ = 0.879, p < 0.01), Turbidity and TA 

(ρ = 0.517, p < 0.01), BOD and TA (ρ = 0.541, p < 0.01), 

DO and pH (ρ = 0.890, p < 0.01), TH and Turbidity (ρ = 

0.648, p < 0.01), BOD and Turbidity (ρ = 0.924, p < 0.01), 

Temp and Turbidity (ρ = 0.820, p < 0.01), Flow rate and 

Turbidity (ρ = 0.830, p < 0.01), BOD and TH (ρ = 0.593, p 

< 0.01), Temp and TH (ρ = 0.459, p < 0.05), Flow rate and 

TH (ρ = 0.710, p < 0.01), Temp and BOD (ρ = 0.762, p < 

0.01), Flow rate and BOD (ρ = 0.716, p < 0.01), Flow rate 

and Temp (ρ = 0.852, p < 0.01). 

3.3. Multivariate Analysis 

The PCA biplot (Figure 3) illustrates (graph was made 

by using R-4.4.2) the spatial variation in water quality 

parameters across upstream, downstream, and confluence 

sites. The first two principal components (PCs), Dim1 and 

Dim2, explain 62.6% and 37.4% of the total variance, 

respectively, accounting for 100% of the dataset's 

variability. The PCA biplot (Figure 2X) illustrates the 

spatial variation in water quality parameters across 

upstream, downstream, and confluence sites. The first two 

principal components (PCs), Dim1 and Dim2, explain 

62.6% and 37.4% of the total variance, respectively, 

accounting for 100% of the dataset's variability. Dim1 

(62.6% variance) is positively correlated with several 

physicochemical parameters such as TDS, chloride, total 

hardness, and BOD which indicate ionic strength and 

organic load. Correlations are inverse where turbidity and 

pH are negatively loading on Dim1. Dim2 (37.4% var) is 

positively loaded on flow rate, temperature, and DO, 

confirming temporal or environmental variations. This 

biplot shows space segregation. Sites upstream of dams 

(blue squares) group upper right quadrant on Dim1 and 

Dim2 distance bases is characterized as sediment areas 
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(high flow rates do and DO) indicative of good conditions. 

Downstream sites (green triangles) in the lower right 

quadrant of the LR model have higher TDS, chloride, and 

BOD concentrations that indicate influences from 

anthropogenic or natural inputs. Confluence sites (red 

circles) were scattered in the negative quadrants of Dim1 

and Dim2, indicating high turbidity and low pH probably 

caused by water mixing and sediment resuspension. 

Our exploration emphasizes significant 

three-dimensional heterogeneity in the quality of water and 

categorises key parameters motivating the variations 

among parameters. The alignment of variables highlights 

the interrelationships of parameters. Turbidity and DO 

vectors along Dim1 indicate reduced DO with increased 

turbidity, often linked to organic pollution or sediment 

disturbance, while opposing TDS, chloride, and total 

hardness vectors proximity suggests mineral contributions. 

3.4. Linear Correlation Analysis 

The linear regression analyses among various water 

parameters were calculated and the results were illustrated 

in Table 4. In the present study, the significantly correlated 

parameters were TDS and TA (p < 0.05), TDS and BOD (p 

< 0.05), TA and DO (p < 0.01), TA and BOD (p < 0.01), 

TA and TDS (p < 0.05), Turbidity and Flow rate (p < 0.05), 

DO and BOD (p < 0.001), DO and TA (p < 0.01), BOD and 

TA (p < 0.01), and Flow rate and Turbidity (p < 0.05). 

Among all the parameters DO and BOD were associated 

closely with significance negative correlation. 

Table 3.  Spearman’s correlation among physical and chemical parameters of the study site 

Plot Cl TDS 
Total 

Alkalinity 
pH Turbidity 

Total 

Hardness 
DO BOD Temp 

Flow rate 

of water 

Cl (mg/L) 1 

TDS (mg/L) .146 1 

Total Alkalinity (mg/L) .042 .456* 1 

pH (at 25°C) .161 -.912** -.431* 1 

Turbidity (NTU) -.016 .944** .517** -.927** 1 

Total Hardness (mg/L) -.451* .594** .341 -.732** .648** 1 

DO (mg/L) -.077 -.908** -.461* .890** -.936** -.570** 1 

BOD (mg/L) .059 .876** .541** -.868** .924** .593** -.977** 1 

Temp (Degree Celsius). .126 .883** .268 -.827** .820** .459* -.836** .762** 1 

Flow rate of water (m3/s) -.110 .879** .268 -.880** .830** .710** -.779** .716** .852** 1 

**Correlation is significant at 0.01 level (2-tailed), *Correlation is significant at the 0.05 level (2- tailed). 

Figure 3.  Principal component analysis (PCA) multivariate biplot showing various physico-chemical parameters of different points 
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Table 4.  Linear regression analysis among physic-chemical parameters of water samples collected from the study site 

Parameters 
Regression coefficient 

Regression equation R square P value F value 
A B 

Cl− 

TDS .185 154.885 Cl−=154.885-0.185 TDS 67.00% .394 3.160 

Total Alkalinity .075 154.885 Cl−=154.885-0.075 TA 67.00% .886 3.160 

pH 4.945 154.885 Cl−=154.885-4.945 pH 67.00% .835 3.160 

Turbidity .910 154.885 Cl−=154.885-0.910 Turbidity 67.00% .641 3.160 

Total Hardness -.479 154.885 Cl−=154.885- (-0.479) TH 67.00% .110 3.160 

DO -9.339 154.885 Cl−=154.885-(-9.339)DO 67.00% .798 3.160 

BOD -8.402 154.885 Cl−=154.885-(-8.402)BOD 67.00% .834 3.160 

Temp .461 154.885 Cl−=154.885-0.461 Temp 67.00% .513 3.160 

Flow rate -.044 154.885 Cl−=154.885-(0.044) Flow rate 67.00% .096 3.160 

TDS 

Total Alkalinity 1.281 1084.938 TDS=1084.938-1.281 TA 93.70% .031 23.082 

pH -25.856 1084.938 TDS=1084.938-(-25.856) pH 93.70% .372 23.082 

Turbidity 4.074 1084.938 TDS=1084.938-4.074 Turbidity 93.70% .076 23.082 

Total Hardness .454 1084.938 TDS=1084.938-0.454 TH 93.70% .232 23.082 

DO -73.406 1084.938 TDS=1084.938-(-73.406)DO 93.70% .086 23.082 

BOD -92.898 1084.938 TDS=1084.938-(-92.898)BOD 93.70% .044 23.082 

Temp 1.362 1084.938 TDS=1084.938-1.362 Temp 93.70% .104 23.082 

Flow rate -.033 1084.938 TDS=1084.938-(-.033) Flow rate 93.70% .335 23.082 

Cl .283 1084.938 TDS=1084.938-0.283 Cl 93.70% .394 23.082 

Total Alkalinity 

pH .941 -518.920 TA=-518.920-.941 pH 71.70% .939 3.943 

Turbidity -.859 -518.920 TA=-518.920-(-.859) Turbidity 71.70% .395 3.943 

Total Hardness -.059 -518.920 TA=-518.920-(-.059) TH 71.70% .720 3.943 

DO 43.852 -518.920 TA=-518.920-43.852 DO 71.70% .009 3.943 

BOD 53.278 -518.920 TA=-518.920- 53.278 BOD 71.70% .003 3.943 

Temp -.310 -518.920 TA=-518.920- (-.310) Temp 71.70% .397 3.943 

Flow rate .010 -518.920 TA=-518.920- (.010) Flow rate 71.70% .475 3.943 

Cl .020 -518.920 TA=-518.920- .020 Cl 71.70% .886 3.943 

TDS .228 -518.920 TA=-518.920- (.228) TDS 71.70% .031 3.943 

pH 
Turbidity .001 9.270 pH= 9.270- .001 Turbidity 90.40% .949 14.703 

Total Hardness -.004 9.270 pH= 9.270- (-.004) TH 90.40% .320 14.703 
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Table 4 continued 

 

DO -.033 9.270 pH= 9.270- (-.033) DO 90.40% .938 14.703 

BOD -.178 9.270 pH= 9.270- (-.178) BOD 90.40% .698 14.703 

Temp -.008 9.270 pH= 9.270-(-.008) Temp 90.40% .295 14.703 

Flow rate .000 9.270 pH= 9.270- .000 Flow rate 90.40% .699 14.703 

Cl .001 9.270 pH= 9.270- .001 Cl 90.40% .835 14.703 

TDS -.002 9.270 pH= 9.270- (-.002) TDS 90.40% .372 14.703 

Total Alkalinity .000 9.270 pH= 9.270- .000 TA 90.40% .939 14.703 

Turbidity 

Total Hardness -.006 7.769 Turbidity= 7.769- (-.006) TH 93.70% .893 23.092 

DO -1.154 7.769 Turbidity= 7.769- (-1.154) DO 93.70% .819 23.092 

BOD 2.504 7.769 Turbidity= 7.769- 2.504 BOD 93.70% .651 23.092 

Temp -.161 7.769 Turbidity= 7.769- (-.161) Temp 93.70% .085 23.092 

Flow rate .009 7.769 Turbidity= 7.769- (.009) Flow rate 93.70% .011 23.092 

Cl .018 7.769 Turbidity= 7.769- .018 Cl 93.70% .641 23.092 

TDS .051 7.769 Turbidity= 7.769- .051 TDS 93.70% .076 23.092 

Total Alkalinity -.061 7.769 Turbidity= 7.769- (-.061) TA 93.70% .395 23.092 

pH .209 7.769 Turbidity= 7.769- .209 pH 93.70% .949 23.092 

Total Hardness 

DO 54.686 -450.125 TH= -450.125- 54.686 DO 85.00% .065 8.835 

BOD 60.834 -450.125 TH= -450.125- 60.834 BOD 85.00% .062 8.835 

Temp -.098 -450.125 TH= -450.125- (-.098) Temp 85.00% .874 8.835 

Flow rate .023 -450.125 TH= -450.125- .023 Flow rate 85.00% .336 8.835 

Cl -.359 -450.125 TH= -450.125- (-.359) Cl 85.00% .110 8.835 

TDS .222 -450.125 TH= -450.125- .222 TDS 85.00% .232 8.835 

Total Alkalinity -.161 -450.125 TH= -450.125- (-.161) TA 85.00% .720 8.835 

pH -20.023 -450.125 TH= -450.125- (-20.023) pH 85.00% .320 8.835 

Turbidity -.229 -450.125 TH= -450.125- (-.229) Turbidity 85.00% .893 8.835 

DO 

BOD -1.051 12.163 DO= 12.163- (-1.051) BOD 99.10% .000 168.475 

Temp -.001 12.163 DO= 12.163- (-.001) Temp 99.10% .777 168.475 

Flow rate .000 12.163 DO= 12.163- .000 Flow rate 99.10% .174 168.475 

Cl -.001 12.163 DO= 12.163- (-.001) Cl 99.10% .798 168.475 

TDS -.003 12.163 DO= 12.163- (-.003) TDS 99.10% .086 168.475 

Total Alkalinity .009 12.163 DO= 12.163- .009 TA 99.10% .009 168.475 
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Table 4 continued 

 

pH -.014 12.163 DO= 12.163- (-.014) pH 99.10% .938 168.475 

Turbidity -.003 12.163 DO= 12.163- (-.003) Turbidity 99.10% .819 168.475 

Total Hardness .004 12.163 DO= 12.163- .004 TA 99.10% .065 168.475 

BOD 

Temp .001 11.120 BOD= 11.120- .001 Temp 98.90% .879 134.227 

Flow rate .000 11.120 BOD= 11.120- .000 Flow rate 98.90% .078 134.227 

Cl .000 11.120 BOD= 11.120- .000 Cl 98.90% .834 134.227 

TDS -.003 11.120 BOD= 11.120- (-.003) TDS 98.90% .044 134.227 

Total Alkalinity .009 11.120 BOD= 11.120- .009 TA 98.90% .003 134.227 

pH -.062 11.120 BOD= 11.120- -.062 pH 98.90% .698 134.227 

Turbidity .006 11.120 BOD= 11.120- .006 Turbidity 98.90% .651 134.227 

Total Hardness .004 11.120 BOD= 11.120- .004 TH 98.90% .062 134.227 

DO -.870 11.120 BOD= 11.120- -.870 DO 98.90% .000 134.227 

Temp 

Flow rate .012 118.713 Temp= 118.713- .012 Flow rate 87.30% .267 10.728 

Cl .068 118.713 Temp= 118.713- .068 Cl 87.30% .513 10.728 

TDS .130 118.713 Temp= 118.713- .130 TDS 87.30% .104 10.728 

Total Alkalinity -.167 118.713 Temp= 118.713- (-.167) TA 87.30% .397 10.728 

pH -9.322 118.713 Temp= 118.713- (-9.322) pH 87.30% .295 10.728 

Turbidity -1.224 118.713 Temp= 118.713- (-1.224) Turbidity 87.30% .085 10.728 

Total Hardness -.019 118.713 Temp= 118.713- (-.019) TH 87.30% .874 10.728 

DO -3.952 118.713 Temp= 118.713- (-3.952) DO 87.30% .777 10.728 

BOD 2.345 118.713 Temp= 118.713- 2.345 BOD 87.30% .879 10.728 

Flow rate 

Cl -4.190 6833.210 Flow rate= 6833.210- (-4.190) Cl 90.80% .096 15.381 

TDS -2.028 6833.210 Flow rate= 6833.210- (-2.028) TDS 90.80% .335 15.381 

Total Alkalinity 3.591 6833.210 Flow rate= 6833.210- 3.591 TA 90.80% .475 15.381 

pH -88.929 6833.210 Flow rate= 6833.210- (-88.929) pH 90.80% .699 15.381 

Turbidity 43.227 6833.210 Flow rate= 6833.210- 43.227 Turbidity 90.80% .011 15.381 

Total Hardness 2.894 6833.210 Flow rate= 6833.210- 2.894 Total Hardness 90.80% .336 15.381 

DO -466.517 6833.210 Flow rate= 6833.210- (-466.517) DO 90.80% .174 15.381 

BOD -649.308 6833.210 Flow rate= 6833.210- (-649.308) BOD 90.80% .078 15.381 

Temp 7.505 6833.210 Flow rate= 6833.210- 7.505 Temp 90.80% .267 15.381 
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4. Discussion 

This study provides important information regarding 

spatial and temporal variation in the water quality of 

Jirimukh which may be, an ecological basis of sustainable 

fish culture. Chemical physical parameters such as 

dissolved oxygen, temperature, salinity, and potential 

hydrogen (pH). All these were in the optimum range for 

aquaculture but fluctuated significantly between seasons 

owing to natural and anthropogenic events. Sub-alkaline 

(6.9–7.5) pH was registered at all sites, congruent with 

studies conducted by Boyd [17] which is important for 

aquatic ecosystem stability that will survive fish pH. 

Dissolved oxygen (DO) levels recorded ranged from 7.94 ± 

0.30 mg/L in the winter to 9.32 ± 0.30 mg/L during the 

summer indicating higher values during winter. The result 

of our study validates the discoveries brought by 

Niyoyitungiye [18] who highlighted the obligation of DO 

for fish species with high oxygen demand. However, 

higher BOD levels were seen during the monsoon season, 

which peaked at 4.40 ± 0.20 mg/L at upstream, indicating a 

higher input of organic loads possibly by the runoff from 

nearby agriculture and sediment resuspension. Sutadian, et 

al. [2] also reported similar trends and related the observed 

rise in BOD levels to seasonal anthropogenic activities. 
The monsoon had the highest total dissolved solids 

(TDS) (165.67 ± 17.00 mg/L at the confluence point), 

attributable to runoff and urban waste inputs with dilution. 

These findings are in track with the study of Devi, et al. [3] 

who observed monsoonal dilution followed by nutrient 

loading in river systems. Chloride, with concentrations 

between 55.17 ± 9.00 mg/L to 84.53 ± 3.00 mg/L, differed 

seasonally, with the highest level being downstream during 

retreating monsoon. This also corresponds with findings by 

Mirza [9] in which chloride represents an indicator of 

salinization under the influence of natural sources as well 

as those of anthropogenic origin. The PCA analysis 

highlights notable spatial variability in water quality. Dim1 

(62.6% variance) was strongly associated with TDS, 

chloride, and BOD, which reveal ionic strength and 

organic load, meanwhile, Dim2 (37.4% variance) reflected 

differences in environmental variability including flow rate, 

temperature, and DO. These outcomes are reliable with 

Blabolil, et al. [7] emphasizing the effect of 

physicochemical influences on aquatic biodiversity. 

Confluence points were low pH and high turbidity due to 

the mixing of waters, while upstream sites were pristine, 

exhibiting high flow rates and DO. Unlike upstream sites, 

increased concentrations of TDS and BOD indicated 

anthropogenic activities downstream. Overall, the findings 

emphasize the dire necessity for a water management 

system at Jirimukh. Low-quality water impacts 

biodiversity and local livelihoods, so it is important to 

safeguard within a desired range of quality. These results 

are a basis for policy and conservation efforts, emphasizing 

the ecological value of river junctions, and their 

importance to the sustainable management of resources. 

Based on the water quality at Jirimukh, it is suggested 

that the fish species such as freshwater catfish and carp 

could be introduced sustainably and would be profitable. 

However, the major limitation for introducing such fish 

species is that the study site is lotic fresh water system. 

Moderate to high levels of dissolved oxygen, appropriate 

temperature ranges, and reasonable pH levels have been 

also recorded in the site during all seasons of the year. Our 

findings in the study site providing suitable ranges of 

physicochemical parameters that are important for the 

growth of these fishes. Well-adapted to these conditions, 

but native and often cultured common carp such as, Labeo 

sp., and Cirrhinus sp. can endure minor variations in water 

quality and occupy significant roles in polyculture systems. 

Similarly, catfish species like Silonia silondia, 

Ompokbimaculatus, and Sperata seenghalaare adaptable 

to changing levels of oxygen and seasonal changes, making 

them among the hardiest species in ecosystems. If stocking 

densities are carefully considered, these species could 

improve aquaculture productivity on-site without 

threatening ecological stability. Therefore, introducing 

these fish species may improve local economies. 

5. Conclusions 

This study ascertains the ecological importance of 

Jirimukh, the confluence point of the Jiri and Barak rivers, 

for sustainable fish culture. Water quality parameters, 

including pH, DO, BOD, TDS, and chloride were found to 

be in the standard ideal range for aquaculture, although 

some seasonal variation was evident. The biological and 

mineral loading due to monsoonal runoff affected the 

parameters, such as BOD and TDS, thereby indicating the 

effect of both natural and anthropogenic factors. PCA 

identified clear spatial heterogeneity between upstream 

sites representing pristine conditions, and downstream 

locations influenced by anthropogenic impacts. This study 

calls attention to continued monitoring and integrated 

water management of aquatic resources should be prepared 

to sustain biodiversity and indigenous livelihoods. The 

findings offer an important knowledge base for the 

conservation and policy-making aimed towards sustainable 

aquaculture practices at Jirimukh. This investigation also 

covers the way for future studies to investigate adaptive 

strategies to combat climate change and growing pollution 

threats. 
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