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ABSTRACT 
The measurement of physico-chemical characteristics including pH, turbidity and dissolved oxygen in water bodies, is the 
conventional method for determining the water quality. It may vary depending on environmental conditions, however, 
adjustments to these characteristics may affect the water bodies. The main objective of this research study is to 
understand the water quality of both the rivers- Song and Suswa at  Dehradun, Uttarakhand. The  routine assessment 
needs of several water quality factors have increased during the last few decades for effective monitoring of various 
rivers' water quality.  In Dehradun, Suswa and Song Rivers' water quality was evaluated in terms of their physico-
chemical properties. Since September 2021 to August 2022, samples were taken monthly from four sampling sites. Four 
different sampling  sites were used for each river, for a total of 48 water samples. The annual assessment of several 
variables viz., temperature, velocity, turbidity, conductivity, TDS, pH, total alkalinity, total hardness, free CO2, DO, BOD, 
phosphate, and nitrate was performed. During the course of present study, minor alterations in the physical and 
chemical qualities of the water sampled from examined regions were observed.  
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INTRODUCTION 
Water is a vital natural resource that supports millions of aquatic species by serving as their home and a 
lifeline. The rivers serve as the most valuable supply system of freshwater for human beings. Typically 
flowing towards the ocean, lake or another river, rivers are naturally occurring streams of water flowing 
in one direction. The availability and distribution of freshwaters found in riverine systems have greatly 
influenced social, economic and political development. Rivers have had significant roles played in the 
evolution of human civilization. Further, the rivers contribute in the agricultural, industrial and urban 
sectors as well as the communities that live in the basin, yet indiscriminate activity puts a lot of pressure 
on the environment and the natural resources (25).The majority of rivers in the Garhwal area are glacier-
fed, and their physicochemical and biological makeup varies with distance from glaciers. Their 
biodiversity reduces in comparison to non-glacial rivers since the former's temperature is influenced by 
the quantity of snowmelt and local climate regimes (20). As the populations and industrial centers have 
grown and intensified with the passage of time, the water quality of river systems deteriorated 
badly(3).Water quality of various effluents have shown that anthropogenic activities have a significant 
detrimental influence on the water quality in the downstream parts of the majorrivers(19). Aquatic 
habitat has gone under ecological stress since a few decades ago because of anthropogenic activities like 
rapid urbanization and industrialization, which either directly or indirectly poses immense danger to 
human health. The biomonitoring technique is used to assess how aquatic populations respond to 
anthropogenic stresses such as energy sources, water quality, habitat quality, flow regimes, and 
interactions between abiotic and biotic factors(22). Due to the multiple anthropogenic activities, the 
aquatic ecosystem frequently serves as a mirror for how the environment is changing. In recent years, 
human stress on inland aquatic resources such as lakes, reservoirs, estuaries, rivers and their floodplains, 
has increased significantly. Current information on the concentration of different solutes at a certain 
location and time is provided by water quality parameters (16). These factors serve as the foundation for 
determining whether water is suitable for its intended usage and for enhancing current circumstances. 
Many renowned limnologists, both from India and elsewhere  (11); (10); (13); (15);(23); (27), have 
contributed significantly in the area of physicochemical characteristics of water. 
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The Song river emerges from several little rivulets in Dhanolti mountain range. It crosses Sahastradhara 
streams and then runs south through Doon valley basins before joining the Ganga close to Raiwala. The 
river Song, which is located at 30o28' latitude and 78o8' longitude, is immensely important to the people 
of Lachhiwala, Doiwala, Chiddarwala and Raiwala. It is so because of being the only trustworthy source of 
water across a distance of 42.5 Km. Another river-  Suswa, running through Dehradun, is densely and 
badly  impacted by urbanisation led enormous drainage of domestic and municipal wastes in it. Further, it 
is expected to become worse in the future ahead. These situational realisations provided sufficient 
background for conducting research studies to assess the water quality of this river. Urban garbage, 
swimming, washing of vehicles and clothes and dumping of sewage are the primary factors for river 
contamination and pollution. Furthermore, untreated sewage, hospital garbage and ordinary trash are 
dumped into this river from many sources. Considering the probable harmful effects of all these 
consequences, the physicochemical parameters including temperature, velocity, total solids, total 
dissolved solids, turbidity, pH, dissolved oxygen, free CO2, BOD, COD, alkalinity, Nitrate and conductivity 
of Song and Suswariver were studied. The outcomes of specific monitoring activities, defining the 
physicochemical qualities, are what determine how accurately the water quality is being assessed which 
may be whether in relation to the needs of intended water uses or to ascertain the effects of an activity on 
the water resource. 
The objective of current study was to monitor seasonal fluctuations and their impacts on  water quality 
measures in order to find any limiting factors that may adversely affect the productivity of the plants, 
animals and fish in this important river. 
 
MATERIAL AND METHODS 
Study Area 
The state of Uttarakhand is located in northern India and its capital is Dehradun. The outer Himalayas, 
also known as the Shivalik hills, and the lesser Himalayas, often referred to as the Mussoorie range, are 
two sporadic Himalayan ranges that border Doon valley. It is surrounded by mountains from all sides 
with the northern range extending south from Ponta Sahib in the west to Haridwar in the east, and the 
southern range running towards south from Kalsi in the west to Muni Ki Reti (Rishikesh) in the east with 
Mussoorie at the centre in a semi-circular arch.The Yamuna and the Ganga, two of India's most formidable 
rivers, border Dehradun, which is located in the Doon Valley. 
Song  is a river in Dehradun district that drains the central and eastern part of Doon valley. Dehradun is 
between latitudes 30°01' N and 31°2'N and longitudes 77°34' E and 78°18'E. Song river originates from 
the base of Himalaya near Mussoorie (around  Uniyalgaon) in Garhwal region of 30.180N; 70.140E.With a 
length of 190 Km (120 mi), Song is one of the biggest rivers draining to Doon valley. Its tributaries include 
Kali Gad, Bindal and Rispana rivers. 
 River Suswa originates in the midst of the clayey depression near the source of Asan, towards     the east 
of the Asarori Dehradun road. Suswariver drains the eastern part of Dehradun city and merges with Song 
river before emptying into Ganga river. Song and Suswa rivers are the two main tributaries of Ganga. 
Sampling Sites: Song river 
Site 1-This study site is near Guthu village.  
Site 2-This study site is near Maldevta temple, Shirpur. 
Suswariver 
Site 3-This syudy site is in Dudhali village. 
Site 4-This study site is near Satyanarayantemple. 
Water sample collection and processing 
Water samples were taken from the study river at monthly interval over a period of one year (September 
2021- August 2022). The standard procedures for the sampling and analysis of physicochemical qualities 
of the river under investigation, were followed as adopted by (28), (7), (21), (8),(14) and (1), (2), (29). 
Water samples for dissolved oxygen were collected in BOD (Biochemical oxygen demand) bottles and 
fixed on the sampling site. Pre-winter (September–November), Winter (December–February) , summer 
(March–May), and the rainy season (June–August), were the four different seasons during which water 
samples (about 1000 ml  each) were taken. 
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Analytical methods 
 

Table 1. Methods of determination of physicochemical parameters 
Parameters Analytical Methods 
Temperature (° C)      Thermometer 
Water depth(m)  Meter scale 
Velocity (m s-1 ) Float method BIS; IS 1194(1959) 
pH (at 250C) IS 3025 (Part-11) 1983, RA 2017, Electrometric 

 Method 
Turbity,(NTU) IS 3025 (Part-10) 1984, RA 2017, Nephelometric Method 
Total Hardness as CaCO3 IS 3025 (Part-21) 2009, RA 2019, (a) Ethylenediamine tetra acetic acetate acid 

(EDTA)  
 Method 

Alkality as CaCO3 

 
IS 3025 (Part-23) 1996, RA 2019, Titramatric 
 Method 

Total dissolve solids (mg/l) IS 3025 (Part-16) 1984, RA 2017, Gravimetric 
 Method 

Nitrate as NO3 IS 3025 (Part-34) 1988, RA 2019,(a)Chromotropic acid  Method 
BOD (3 Days at 270C), 
(mg/l) 

IS 3025 (Part-44) 1993, RA 2019  
 

DO (mg/l) SI 3025 (Part-38) 1989 RA 2019, titrimetric 
 Method 

Phosphate as PO4 APHA 23rd Edi 2017.4500 P D Stannous Chloride Method 
Free CO2(mg/l) Warburg’s titrimetric method. 

 Conductivity, (µmho/cm) 
 

IS 3025 (Part-14) 1984, RA 2019,  

 
RESULT AND DISCUSSION 
The physicochemical analysis and seasonal variation in physicochemical parameters have been presented 
in Table 1. Depending on the season of year and the study site, the physicochemical properties of a 
natural water body may change. These changes are caused by the human activity and the direct impact of 
sewage on the river.Temperature, pH, hardness, alkalinity, chloride, total dissolved solids, dissolved 
oxygen, and BOD all varied significantly (9). Same obesevation has been recordedamong 4 sites over the 
course of several months.. By comparing the estimated values of physical and chemical characteristics 
with the equivalent standard established for drinking water by the WHO, the water samples are evaluated 
for contamination. Anthropogenic sources are the main causes of surface water pollution and degradation 
in water quality, including untreated industrial effluents, inadequately disposed of household trash, and 
agricultural runoff (26).Very contaminated activities are present in the rivers Suswa and Song's 
catchment basins. Other human activities that release trash into waterways include household debris and 
agricultural waste. A 12-month water quality analysis has shown that the River Suswa is a contaminated 
river.The study explains the physico-chemical features of the Suswariver's monthly change. The water 
quality where the sample was obtained is impacted by human activity.Rising concentration levels of 
physical and chemical parameters a warning sign of contamination in suswa river (6). Significant threats 
are posed by this polluted water to the ecosystem, aquifers, people, aquatic life, and animal life. 
In a well-established system, the water's temperature regulates the speed of all chemical processes and 
has an impact on aquatic life's development and reproduction. The Highest temperature recorded in 
summers and minimum in winters. Badola and Singh have seen a tendency in the river Alaknanda that is 
somewhat similar (4). 
Temperature 
Seasonal and daily variations in water temperature are possible. The variable time of collection and the 
seasonal impact may be held accountable for the variance in water temperature (18). The results showed 
that the temperature changed steadily from month to month, peaking in the summer and falling to its 
lowest level in the winter.From winter to summer, the water temperature trended upward; from summer 
to monsoon season, it trended downward. a finding that others have also made that is more or less 
comparable (12). Out of the two rivers sampled during the research period, At Suswa river sampling site-
1, the highest temperature (20.33±0.446) was recorded and at Song river sampling site-2, itwas found the 
lowest (17.625±0.948). Altitude and latitude also affect the water temperature. 
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The table below presents river-specific observations for Physicochemical parameters(Mean±SEM). 
 

Table 2: Physico-chemical characteristics of Song River and Suswa rivers 
Parameter 
 

Song River Suawa River 
S1 S2 S1 S2 

Temperature (° C) 18.35±0.912 17.625±0.948 20.33±0.446 19.75±0.5018 
pH (at 250C) 7.407±0.0299 7.3617±0.02458 7.025±0.0756 7.5±0.0386 
Turbidity (NTU) 1.725±0.3436 1.2±0.297 42.175±1.324 0.65±0.3326 
Total Hardness as CaCO3 401.544±12.744 417.5608±3.8034 283.59±14.689 245.895±2.495 
Alkality as CaCO3 

 172.87±4.0657 
128.2608±1.217 164.108±13.3288 199.889±2.719 

Total dissolve solids 590.916±7.588 545.167±12.279 540±9.059 350.75±7.68 
Nitrate as NO3 2.2767±0.1027 3.1±0.136 2.100±0.102 1.414±0.094 
BOD (3 Days at 270C), (mg/l) 1.8325±0.1916 3.119±0.1849 25.4025±0.566 2.061±0.2135 
DO (mg/l) 7.365±0.1949 8.03±0.2308 2.438±0.131 4.49±0.1815 
Phosphate as PO4 
 0.8325±0.178 

0.758±0.191 1.8±0.1269 0.866±0.2021 

Free CO2,(mg/l) 

 0.7467±0.1649 
0.6167±0.18478 2.538±0.1996 1.34±0.2012 

Conductivity, (µmho/cm) 
 709.167±8.54 

650.1667±9.949 667.08±11.213 462±9.9347 

 
pH 
One of the key characteristics in determining the quality of water is pH, since it regulates the majority of 
chemical activities that take place in water. It reveals the acidity or basicity of water. It is one of the most 
important variables examined to determine the chemistry of water. pH represent the intensity of acidity or 
alkalinity of water. It plays a limiting role in the growth of flora and fauna of aquatic body(5).The ratio of H+ 
ions to OH- ions in water is measured by the pH value.  The pH of the water under investigation indicated 
the highest pH (7.5±0.0386) at site 2 in Suswa river and its minimum (7.025±0.0756) at site 1. Further, 
Site 1 in Song river has the highest pH (7.407±0.0299) and the lowest pH (7.3617±0.02458). 
Turbidity 
The turbidity of the water in Song river was highest at site 1 (1.725±0.3436) and lowest(1.2±0.297)  at 
site 2. The turbidity in Suswariver varied between sites 1 and 2 having the highest (42.175±1.324) and 
lowest (0.65±0.3326) values. Turbidity in water is caused by a variety of factors, including plankton and 
other microscopic organisms, suspended materials like clay and silt, finely divided organic and inorganic 
detritus, soluble colored compounds and the suspended material. 
Total Hardness 
At site 2, the overall hardness value was the highest (417.5608±3.8034) whereas, it was at its lowest 
(401.544±12.744)at site 1. The overall hardness was highest at site 1 (283.59±14.689) and lowest at site 
2 (245.685±2.495)Suswa river. Its total hardness is determined by the concentration of alkaline earth 
metal cations that are present in it. The key cations that affect hardness are calcium and magnesium. 
Total alkalinity 
High levels of free carbonates indicate that the water is alkaline. Alkalinity of  refers to its capacity to 
counteract a strong acid. Most naturally occurring fresh waters' primary factor in determining their 
alkalinity is carbonates and bicarbonates. The total alkalinity of the Song River varies between sites, with 
the minimum value (128.2608±1.217) at site 2 and the maximum value (172.87±4.0657) at site 1. In 
contrast, the total alkalinity of the Suswa River was found to vary between sites, with the minimum value 
(164.108±13.3288) at site 1 and the maximum value (199.889±2.719) at site 2. 
Total dissolved solids 
Solids in water are defined as the dissolved and suspended materials. They may be thought of as 
edaphically related characteristics that describe the chemical components of the water and are highly 
helpful in terms of productivity within the water body.The TDS of the sample may have increased due to 
the use of various pesticides and fertilizers on neighboring agricultural areas(24). The Maximum TDS 
(590.916±7.588) was reported at site 1 and minimum TDS (545.167±12.279) reported was at site 2 in 
Song River, whereas Suswa River was found to vary between sites, with the minimum value 
(350.75±7.68) at site 2 and the maximum value (540±9.059) at site 2. Increased total solids levels might 
make it more difficult for aquatic creatures to survive. 
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Nitrate 
The content of nitrate, which is the byproduct of the oxidation of nitrogenous materials, may be 
influenced by the nitrification and denitrification processes carried out by microorganisms (Sinha et al., 
2000).The study of the Song River found that the nitrate levels were highest at site 2 (3.1±0.136) and 
lowest at site 1  (2.2767±0.1027). The Suswa River's site II had the highest nitrate value (2.100±0.102l) 
and the lowest value at site 2 (1.414±0.094). 
Biological Oxygen Demand (BOD) 
 The BOD test measures the amount of oxygen stream water microorganisms utilise to decompose 
organic waste. The amount of dissolved oxygen in rivers and streams is directly influenced by BOD. BOD 
causes the rate of oxygen loss in the stream to accelerate. In the Song River, site 2 had the maximum BOD 
(3.119±0.1849) while site 1 had the minimum (1.8325±0.1916). The BOD of Suswa River fluctuated 
between sites 1 and 2, reaching a maximum of (25.4025±0.566) and a minimum of (2.061±0.2135), 
respectively. Higher aquatic life forms often have less access to oxygen. 
Dissolved oxygen 
One of the most crucial parameters is DO. DO is the measurement of the amount of free, non-compound 
oxygen in water or other liquids. The amount of oxygen that dissolves in the water controls the variety of 
aquatic life (17). Due to its impact on the organisms that live in a body of water, DO is a significant 
criterion in determining the quality of the water, second only to the water itself. Too much or too little 
dissolved oxygen in the water can damage aquatic life and affect its quality. At site 2 Song River, the 
highest  DO value was 8.03±0.2308, whereas site 1 Song River recorded the lowest value (7.365±0.1949). 
The highest DO value was found at site 2  ofSuswa River (4.49±0.1815) and the lowest at site 1 
(2.438±0.131). 
Phosphates 
The measurement of phosphate can be useful in identifying the water quality since it is a necessary plant 
nutrient and may serve as a limiting factor for all other essential plant nutrients (Dugan 1972). In the 
current study, the concentration of phosphate in Song River water was greatest at site 1 (0.8325±0.178) 
and lowest at site 2 (0.758±0.191), whereas the concentration of phosphate in Suswa River was highest at 
site 1 (1.8±0.1269) and lowest at site 2 (0.866±0.2021). 
CO2 
Water naturally contains different concentrations of free carbon dioxide (CO2), however a lot of CO2 
leads to acidic water conditions. Carbonic acid is produced when carbon dioxide dissolves in water 
(H2CO3). According to the observation, the value of CO2 was determined to be maximum  
(0.7467±0.1649) at site 1 in Song River and minimum (0.6167±0.18478) at site 2. At sampling site 1, CO2 
was maximum (2.538±0.1996) and minimum (1.34±0.2012). 
Conductivity 
The ability of a material or solution to conduct electric current is measured by its conductivity. 
Resistance's opposite is conductivity. Water conductivity is increased by salt pollution and waste water 
contamination. At site 1 of Song River, the conductivity was at its highest (709.167±8.54), whereas at site 
2, it was at its lowest (650.1667±9.949). Suswa River's conductivity was highest at site 1 (667.08±11.213) 
and lowest at site 2 (462±9.9347). 
 
CONCLUSION 
All water quality measurements were found to be within permissible norms, and the analysis showed that 
the Song River's water quality had gotten worse. This is a result of different contaminants getting into the 
water body. The increased pollution load is a concerning phenomenon, despite the fact that there were 
only minor differences in the physico-chemical parameters of the Song River at the two different sample 
locations. 
The study explains the physico-chemical features of the Suswariver's monthly change. Human activity has 
an influence on the water quality at the sample location. The primary causes of pollution in the river 
Suswa are sewage and municipal drainage from the city of Dehradun, poor disposal of solid waste, and 
runoff from farmland. The investigation discovered considerable variations in phyisico-chemical 
modifications at two different locations. The water of the Suswa River is not fit for human consumption. 
Additionally, the study offers baseline information for Suswa river water quality management. 
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