



The effect of freshwater quality parameters on the physiological processes of fish
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ABSTRACT 

	In this paper, the factors affecting water quality including like temperature, dissolved oxygen, pH, conductivity and turbidity have been analyzed. Risks in drinking water are primarily caused the combined physical, chemical, and microbial contamination present in the water. These parameters have a significant impact on the physiological activities of fish. When variation in these parameters is observed then these parameters leave a negative impact on aquatic life. All such parameters play important roles in fish production. Analysis has been carried out regarding its effects on the physiological processes of fish.

These water parameters show that the fish are cold-blooded but their body temperatures fluctuate in response to their environment. Due to which their metabolism and physiology is affected and temperature affects or is completely responsible for the productivity of fish. As the temperature increases, the solubility of oxygen in water decreases and the level of ammonia in water also increases, which has a direct impact on the aquatic life and economy of such a country. For the growth of a healthy fish, the amount of oxygen in the water should be as close to air saturation as possible i.e. the oxygen level should be up to 4 mg/litre. Hypoxia is a condition in which the tissues of fish do not contain the necessary amount of oxygen to support their body functions and is caused by low dissolved oxygen levels.
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1. INTRODUCTION 

Water is a type of chemical that is an essential substance for life on our planet. This basic resource is so important because no living creature can survive without water or rather it is impossible to imagine life without water. Therefore, there is a demand for clean, pollution free water in adequate supply for life. As a result, a condition for sustainable development will be to ensure that rivers, streams, lakes and oceans are not polluted. Increasingly, human activities are threatening the water source on which we all depend, including animals and plants. Water fulfills the most basic and basic needs of our daily life.
Aquatic life completely depends on water and that too clean without pollution. It accounts for about 70% of the body weight of almost all living organisms. It is found in three states: solid, liquid and gas. It acts as a medium for both chemical and biochemical reactions and it also acts as an internal and external medium for organisms such as fish. Parameters that are often sampled or monitored for water quality include temperature, dissolved oxygen, pH, conductivity, and turbidity. Risks in drinking water are primarily due to the combined physical, chemical, and microbial contamination present in the water. Such parameters have a significant impact on the physiological activities of fish. When variation in these parameters is observed then these parameters leave a negative impact on aquatic life. All such parameters play important roles in fish production.
Fish are cold-blooded but their body temperature fluctuates in response to their environment, affecting their metabolism and physiology and temperature is responsible for affecting the productivity of fish. As the temperature increases, the solubility of oxygen in water decreases and the level of ammonia in water also increase. The amount of oxygen in the water should be as close to air saturation as possible for a healthy fish to grow. If oxygen levels drop below 4 mg/litre, the fish may stop eating, become stressed and suffer from electrolyte loss. Fish require constant monitoring of dissolved oxygen levels.
Hypoxia is a condition in which the tissues of fish do not contain the necessary amount of oxygen to support their body functions and is caused by low dissolved oxygen levels. Temperature plays a major role in affecting the growth and production of fish. Understanding and monitoring water quality parameters is important to maintain the health, productivity, growth and welfare of fishes in aquatic environments. All these issues can lead to fish kills and ultimately impact yields. The presented paper explains in detail the factors affecting water quality and its impact on the physiological processes of fish.
2. material and methods

In this paper, an attempt has been made to adopt more accurate and simple methods for each investigation. In the sampling site, we selected the beginning, middle and end of Govind Sagar Dam which is in Lalitpur district of Uttar Pradesh for sampling. Samples of stagnant water were taken from morning to afternoon in every season for one year continuously. Some samples were collected using an ordinary fishing boat. The fishes were collected from various fishermen involved in fishing business around Govind Sagar Dam and Lalitpur district. Fish traders of Lalitpur were also questioned regarding the fish being landed from Govind Sagar Dam. This revealed the availability and fishing patterns of various fish species and species available in Govind Sagar Dam. The details of the method of collecting fish fauna were adopted as described by Talwar, Jhingran (1991) and the methods prescribed in APHA (1998).
Sampling
A total of 27 water samples were collected from four sampling stations at the selected sampling site of Govind Sagar Dam during the study period. For the year (2021-22), samples were collected seasonally during pre-monsoon and post-monsoon seasons. Samples were collected in sterile lidded containers, following the methods set out in APHA (1998). Sampling bottles were stored in ice boxes at 4 °C and transported to the laboratory within 6 h for analysis. The global reference of each site location was recorded via Global Positioning System (GPS).
3. results and discussion

The samples were analyzed for twelve water quality parameters including pH, DO, TH, TDS, Chloride, FC, BOD, Nitrate, Phosphate, Turbidity and TS. Table 1 shows the methods used to analyze these parameters.
Table 1.	Water quality parameters, units and analytical methods for analysis of water quality
	Parameter
	Unit
	Instrument/Method

	pH
	-
	pH meter

	Temperature 
	°C
	Thermometer

	TH
	Mg/I
	EDTA titration

	TDS Mg
	Mg/l
	Gravimetric method

	Chloride
	Mg/l
	Argentometric titration

	DO
	Mg/l
	Winkler’s method

	Fecal Coliform
	MPN
	Multiple tube fermentation

	BOD
	Mg/l
	3 days incubation at 28 °C

	Nitrate
	Mg/l
	Spectrophotometer

	Phosphate
	Mg/l
	Spectrophotometer

	Turbidity
	NTU
	Turbidity meter

	TS
	Mg/l
	Oven/Gravimetric




National Sanitation Foundation Water Quality Index methodology was used to determine the water quality of Govind Sagar Dam. It is based on 9 parameters such as: BOD, DO, Nitrate, Total Phosphate, Temperature Change, Turbidity, Total Solids, pH and Fecal Coliform. The parameters have been given weightage according to their importance in water quality as shown in bar graph and table 2.
Table 2.   NSFWQI parameters and their relative weights 
	Parameters
	Weights

	pH
	0.11

	DO (% saturation)
	0.17

	BOD
	0.11

	Temperature change
	0.10

	Turbidity 
	0.08

	Total solid
	0.07

	Fecal coliform
	0.16

	Nitrate 
	0.10

	Phosphate
	0.10


In this study, eight parameters were considered to determine WQI except temperature change. If fewer than 9 tests are performed, the overall WQI can be estimated by adding the results and then adjusting the number of tests. If concentrations of some parameters are not available, then first we can calculate the q-values of those parameters whose concentrations are available and then those q-values are multiplied by their respective weighting factors. The sum of these values, divided by the sum of the weighting factors of the available parameters, can yield the WQI (Basin, 2001).
The weight score (Wi) was multiplied by the Sub-index value of each parameter. Sub-index value for each parameter was obtained by NSF-WQI Online calculator (www.waterresearch.net). Finally, the WQI was calculated by using following equation:

Where Wi is the weight of ith water quality parameter. Qi is the sub index value for ith water quality parameter N is the number of water quality parameters. NSF-WQI score was identified by the classification criteria (Table 3)
Table 3.   NSFWQI water quality classification
	
	Water quality criteria

	0-25
	Very Bad

	26-50
	Bad

	51-70
	Medium

	71-90
	Good

	91-100
	Excellent



Figure 1. Showing the Standard water quality criteria


Statistical analysis 
One-way analysis of variance (ANOVA) was used to examine the difference between the two seasons for various physicochemical parameters and water quality index. A probability level of p < 0.05 was considered statistically significant.
Table 4. Descriptive statistics of physicochemical parameters in pre monsoon and post monsoon
	Parameters
	
	Pre Monsoon
	
	
	Post Monsoon
	

	
	Minimum
	Maximum
	Mean
	Minimum
	Maximum
	Mean

	pH
	7.2
	7.9
	7.6
	9.4
	8.3
	8.2

	Temperature
	28.8
	35.9
	30.5
	16.4
	19.8
	20.2

	Total hardness
	110
	280
	180.9
	130
	340
	209.9

	Total dissolved solids
	288
	1008
	570.2
	357
	1232
	598.7

	Chloride
	22.7
	260
	150.2
	39.2
	312.7
	165.9

	Nitrate
	1.3
	51
	12.9
	1.5
	10.50
	6.25

	Sulphate
	5.8
	111.5
	25.5
	48.9
	270.5
	89.8

	Phosphate
	3.09
	27.16
	11.9
	0.05
	0.9
	0.29

	Fecal Coliform
	8000
	220000000
	19793438
	160000
	95000000
	10959375

	Biological oxygen demand
	13.3
	75.8
	42
	14.10
	65.10
	35.2

	Dissolved oxygen
	0.02
	2.2
	0.5
	0.87
	3.05
	2.02

	Total Solids
	405
	1594
	690.8
	370
	1725
	829.2



Descriptive statistical summary of hydrochemistry of water of Govind Sagar Dam post monsoon and pre monsoon season is given in Table 5.
pH
pH is an important physicochemical parameter of water quality. Fish living in water are affected by this in many ways. Its excessive value affects not only fish but also humans. Apart from its biological effects, extreme values of pH increase the solubility of various compounds making toxic elements more mobile. This increases the risk of absorption by fish. With a decrease in pH, acidity increases, this increases the toxicity levels of cyanide and sulfide. However, ammonia becomes more toxic with only a slight increase in pH.
The average value of pH in this study varies from 7.6 to 8.2 in pre-monsoon and post-monsoon respectively, which indicates the slightly alkaline nature of Govind Sagar Dam water. The slight increase in pH at some places may be due to industrial and domestic waste water from the city. It has been found that the pH varies significantly between the two seasons.
Table 5.    ANOVA values showing seasonal variation of physicochemical parameters
	Parameters
	Sum of Squares
	df
	Mean Square
	F
	Signification 

	pH
	1.186
	1
	1.172
	17.646
	0.000

	Temperature
	1795.075
	1
	1695.005
	466.278
	0.000

	TH
	3249.031
	1
	3549.088
	1.226
	0.319

	TDS
	12203.125
	1
	13223.115
	0.430
	0.635

	Chloride
	458.133
	1
	468.136
	0.255
	0.815

	Nitrate
	221.663
	1
	281.663
	3.226
	0.092

	Sulphate
	33401.432
	1
	35401.432
	22.334
	0.000

	Phosphate
	905.985
	1
	935.985
	36.016
	0.000

	FC
	4.922E20
	1
	4.922E19
	0.393
	0.592

	BOD
	492.980
	1
	498.980
	1.873
	0.229

	DO
	9.236
	1
	9.226
	15.475
	0.000

	TS
	153081.125
	1
	153281.125
	1.143
	0.293



Table 6.  ANOVA values representing site wise variation of the physicochemical parameters
	Parameters
	Sum of Squares
	df
	Mean Square
	F
	Signification 

	pH
	0.501 7
	7
	0.072
	0.609
	0.743

	Temperature
	49.917
	7
	7.131
	0.097
	0.998

	TH
	50681.969
	7
	7240.281
	1.026
	0.019

	TDS
	1612816.500
	7
	230402.357
	45.254
	0.000

	Chloride
	193610.060
	7
	27658.580
	12.139
	0.000

	Nitrate
	269.560
	7
	38.509
	0.409
	0.887

	Sulphate
	15103.646
	7
	2157.664
	0.822
	0.578

	Phosphate
	376.619
	7
	53.803
	1.006
	0.452

	FC
	1.292E16
	7
	1.845E15
	1.164
	0.359

	BOD
	2072.790
	7
	296.113
	0.908
	0.51

	DO
	3.159
	7
	0.451
	0.451
	0.860

	TS
	3297553.500
	7
	471079.071
	12.884
	0.000



Temperature
Temperature can affect the physicochemical properties of water. Temperature affects the metabolic rate and biological activity of fish. This can not only increase the solubility of toxic elements but also affect the tolerance limit of fish. The average temperature of Govind Sagar Dam in pre-monsoon and post-monsoon seasons varies from 30.5 °C to 20.2 °C respectively, showing statistically significant difference (Table 6).
Total Hardness
Total hardness in water is due to the presence of cations such as calcium and magnesium and anions such as carbonate, bicarbonate, chloride, and sulfate. Many fish can only thrive in certain levels of water hardness, and if levels are outside of acceptable parameters, it can cause stress and death. Hardness of water of Govind Sagar Dam The average total hardness concentration was found to vary from 188.9 to 209.9 mg/litre in pre-monsoon and post-monsoon seasons respectively. Variation between the two seasons was not statistically however, there exists statistically significant variation among various sites (Table 6).
Total dissolved solids
Concentrations that are too high or low can affect the fish's growth or cause death. A level of 400 ppm is recommended for most freshwater fish. TDS is the measure of the total amount of dissolved solids in the water. The extent of TDS is proportional to the degree of pollution. The average value of TDS is 583.2 mg/l for the pre-monsoon season and 598.7 mg/l for post-monsoon. The seasonal variation of TDS is found to be statistically insignificant (Table 5). However, a slightly higher value of TDS in post-monsoon is contributed by the dissolution of salts and surface runoff by rainwater. Spatial variation was found to be statistically significant (Table 6).
Nitrate
Nitrate is known to have many adverse effects on the water quality. Excess nitrate levels in the stream can induce eutrophication and ultimately lead to anoxia. Higher nitrate and sulfate values show the anthropogenic stress on the dem water.  Seasonal and spatial variation of nitrate was found to be statistically insignificant. In the present study mean nitrate value is 11.7 mg/l for pre-monsoon and 6.35 mg/l for post-monsoon season. Higher nitrate values during the pre-monsoon may be due to an increase in the degradation of organic matter by microbial activities.
Biological oxygen demand 
In present study, Seasonal variation in BOD does not exist (p=.203). The average concentration of BOD in the study ranges from 41 mg/l to 35.8 mg/l in pre monsoon and post monsoon season respectively. The highest value of BOD in both seasons is due to large amount of municipal sewage waste and industrial run off.
Dissolved oxygen: 
In the present study, average DO values vary from 0.8 to 1.91 mg/l in pre-monsoon and post-monsoon respectively. This variation is found to be statistically significant (p=.001). DO value decreases in pre-monsoon due to the high temperature and high rate of decomposition of organic matter. However, DO values in both seasons are found to be much below the permissible limit, indicating that the dem water is deprived of supporting any life forms. When dissolved oxygen becomes too low, fish and other aquatic organisms cannot survive.
Conclusion 
The present study's analytical results of the physicochemical analysis indicated that most of the parameters deviate from their guideline value. Results of one-way analysis of variance showed that there exists a statistically significant difference in the water quality of Govind Sagar dem concerning seasons. pH, temperature, nitrate, sulfate, phosphate, and DO are the parameters responsible for the seasonal variation in the water quality. TDS, TS, TH, and chloride are the parameters showing statistically significant spatial variation. WQI calculated in this study reveals that water quality varies from bad to very bad category in pre-monsoon. However, in post-monsoon, water quality shifts from very bad too bad at downstream sites. When the atmospheric oxygen becomes too low, fishes and other aquatic organisms cannot survive. Adequate oxygen levels in the water at all times not only ensure growth, but also promote the health, appetite and general well-being of the fish. Oxygen also helps reduce the effects of temperature-induced stress in fish. Increase in temperature increases the metabolic rate in most fish species, which affects the fish and its economic growth. High water temperatures can cause hypoxia in many fish.

4. Conclusion

The present study's analytical results of the physicochemical analysis indicated that most of the parameters deviate from their guideline value. Results of one-way analysis of variance showed that there exists a statistically significant difference in the water quality of Govind Sagar dem concerning seasons. pH, temperature, nitrate, sulfate, phosphate, and DO are the parameters responsible for the seasonal variation in the water quality. TDS, TS, TH, and chloride are the parameters showing statistically significant spatial variation. WQI calculated in this study reveals that water quality varies from bad to very bad category in pre-monsoon. However, in post-monsoon, water quality shifts from very bad too bad at downstream sites. When the atmospheric oxygen becomes too low, fishes and other aquatic organisms cannot survive. Adequate oxygen levels in the water at all times not only ensure growth, but also promote the health, appetite and general well-being of the fish. Oxygen also helps reduce the effects of temperature-induced stress in fish. Increase in temperature increases the metabolic rate in most fish species, which affects the fish and its economic growth. High water temperatures can cause hypoxia in many fish.
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