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Abstract: The present study was designed to demonstrate the seasonal variations in 

physico-chemical parameters of River Narmada water for a period of two years from 

Nov. 2010- Oct. 2012. Water samples were collected on seasonal basis and analyzed for 

the estimation of water temperature, air temperature, pH, Dissolved oxygen; total 

dissolved solids, electrical conductivity, free CO2, alkalinity, total hardness, calcium 

hardness, magnesium hardness, chloride, nitrate nitrogen and phosphate were also 

recorded. These parameters were compared with water quality standards to indicate 

probable pollution in the River Narmada. The overall water quality of the study sites 

remained within the safe limits throughout the study period. An attempt has been made to 

explain the effect of seasonal changes on physico-chemical characteristics of river 

Narmada water. 
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INTRODUCTION 

The rapid urbanization and industrialization causes a great pollution in surface and ground waters .Due to 

increase in population people start migrating from rural to urban areas and hence has also increase in 

domestic effluents. There occurs an increase in industrial effluents due to the development of new 

industries. Fresh water has become a scare commodity due to overexploitation and pollution
1-3

. Pollution 
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is caused when a change in the physical, chemical or biological condition in the environment harmfully 

affect the quality of human life including other animal and plant life
4, 5

. 

In order to determine the state of pollution in rivers, a continuous monitoring of water quality is essential. 

Rivers are utilized by mankind over the centuries, to the extent that very few, if any are now in a natural 

condition
6
. Water quality provides current information about the concentration of various solutes at a 

given place and time. Water quality deals with the physical, chemical and biological features in relation to 

all other hydrological properties. 

There would be a great loss in the biodiversity of aquatic ecosystems than for the terrestrial ecosystems
7
. 

Entering of sewage and storm water runoff into rivers are two common ways that causes a pollution in 

rivers as well as in aquatic ecosystems
8,9

. In India various workers have done a lot of work in the 

evaluation of water quality
10-19

. If the chloride, bicarbonate alkalinity and PH are present in sufficient 

quantity, it means that animal waste, sewage and industrial effluents directly discharge into the river 

Narmada as described by Okendro and Mahanta
20

. With the help of continuous regimes, it is possible for 

us to mitigate the effect of human societies on natural sources, Belligham
21

. Present study was therefore, 

to assess the present quality of water in river Narmada and the level to which Narmada water resources is 

polluted, some physico- chemical parameters which include Dissolved oxygen (DO), pH, Temperature, 

Electrical conductivity (EC) , Total dissolved solids (TDS), Total alkalinity, Total phosphate (TP), Total 

nitrate (TN) and Total chloride (TC), were determined. The mean values of these parameters were 

compared with National standard for drinking water quality (NSDWQ) and US Environmental Protection 

Agency (USEPA) Standards cited in Zeba et al.
22

. 

MATERIAL AND METHODS 

Surface water samples were collected in the morning from the upstream, midstream and downstream of 

Sethanighat in the river Narmada on seasonal basis, viz., and winter, summer, monsoon and post 

monsoon during 2010-2012. The air temperature, water temperature, pH,  and electrical conductivity were 

measured on the field itself and other parameters were analyzed in the laboratory within 48 hours 

following the methods as given in Adoni (1985) and APHA (1995)
23,24

. Mercury thermometer was used 

for measuring air and water temperature. Standardized digital laboratory grip pH meter was used for 

recording the pH of water. Do was estimated by the azide modification of Winkler’s method. Total 

dissolved solids was measured by TDS meter by immersing the electrodes of it in a well-mixed sample. 

Electrical conductivity was measured by Grip conductivity meter. Free co2, alkalinity, total hardness, 

calcium and magnesium hardness were measured by titration method. Chloride was determined by 

Argenometric method using potassium chromate as an indicator. Nitrate nitrogen was measured 

spectrophotometrically. Phosphate phosphorus content of water sample was determined by stannous 

chloride method. 

RESULTS 

The results of physico-chemical parameters of water on the seasonal basis were tabulated in (Table 1). 

Temperature is considered to be the most important factor in the aquatic environment. On an average 

seasonal basis, the minimum atmospheric temperature (26.3
0
C) in the post monsoon season and 

maximum (41
0
C) in the summer season with a mean value of 1520 C was recorded in the river Narmada. 

The water temperature on an average seasonal basis in river Narmada was recorded a minimum value of 
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(20.3
0
C) in the winter season to a maximum value of (28 

0
C) in the summer season with a mean value of 

24.15
0
C .The water temperature has been found to increase correspondingly with the increasing 

atmospheric temperature. In general, temperature peaks were seen during warmer months while dip was 

recorded during colder months in river Narmada.  

Table 1: Physico-chemical parameters or river Narmada during Nov. 2010- Oct. 2012. 

S.no. Parameters Minimum Maximum Mean 

1 Air temperature (°C) 26.3 41 152 

2 Water temperature (°C) 20.3 28 24.15 

3 pH units 7.6 8.6 8.1 

4 Total dissolved solids (mg/l) 135 200 167.5 

5 Electrical Conductivity (µS/cm) 143 180 161.5 

6 Dissolved Oxygen (mg/l) 5.9 7.9 6.9 

7 Chloride (mg/l) 21.67 47 34.33 

8 Nitrate Nitrogen (mg/l) 0.13 0.30 0.215 

9 Total phosphorous (mg/l) 0.1 0.4 0.25 

10 Free CO2 (mg/l) 0 9.1 4.55 

11 Total alkalinity (mg/l) 129 234 181.5 

12 Total hardness (mg/l) 140 198 169 

13 Calcium hardness (mg/l) 96 145 120.5 

14 Magnesium hardness (mg/l) 22.67 84.67 53.67 

The present observation of surface water temperature in river Narmada agrees with the observations of 

that surface water temperature
25

 usually remains close to the air temperature. Due to the shallowness of 

sampling stations the water temperature has shown a tendency to follow closely the atmospheric 

temperature. pH is one of the very significant chemical characteristic of all waters, which explains certain 

significant biotic and abiotic ecological characteristics of aquatic systems in general. Most ecosystems are 

sensitive to changes in pH and the industrialized countries
21

. The pH of surface water in river Narmada 

was ranged from (7.6 units) in the winter season and maximum (8.6 units) in the summer season with a 

mean value of 8.1 units. The pH was low in the winter may be due to the low photosynthetic activity of 

autotrophs. The pH was high in the summer season because of high metabolic activities of autotrophies, 

because in general they utilize the co
2
 and liberate o

2
 thus reducing H

+ 
ion concentration

25
. Hence the pH 

of river Narmada was alkaline in nature. This alkaline pH value was also witnessed due to the presence of 

alkaline earth metals that interact with soluble co
2
 forming carbonates and bicarbonates, which then 

results in the shifting of the pH up over 7. Total dissolved solids further indicate the salinity behavior of 

the river. TDS content of the river water was in the range of 135mg/l (summer) to 200mg/l (monsoon) 

with a mean value of 167.5. Appreciable TDS values were observed at all sampling sites indicating the 

mixing of pollutants in river from anthropogenic activities in and around the river including the washing 

of clothes, mixing of sewage and garbage dumping which are some common activities at the river bank in 

this area. After finding out these values, which indicates the river water is most polluted in this area. 
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Increasing order of TDS was observed from upstream to the midstream, reaching maximum at midstream 

then starting again decreasing towards the downstream. It is expected that the value would reduce due to 

the self-cleaning and turbulence of natural waters. Higher TDS value depletes the DO of surface waters 

by increasing the BOD and COD demand. Dwivedi and Sonar reported
26

 total dissolved solids of 150mg/l 

in a small reservoir in eastern Himalayan state of Arunachal Pradesh in India. Electrical conductivity in 

waters is due to the ionization of dissolved inorganic solids and is a measure of total dissolved solids
27

 

and salinity. Lowest value of electrical conductivity (143µs/cm at 25
0
C) to the highest value of (180 

µs/cm at 25
0
C) with a mean value of 161.5 in the monsoon and winter season was measured. The lowest 

value may be attributed due to the high rainfall and the highest value of conductivity may be due to the 

low water renewal rate which could be related to the higher trophic status. Dissolved solids affect the 

quality of water used for irrigation or drinking. They also have a critical influence on aquatic biota, and 

every kind of organism has a typical salinity range that it can tolerate. Dissolved oxygen is the sole source 

of oxygen for all the aerobic aquatic life and hence it is considered as an important measure of purity for 

all waters. Oxygen tends to be less soluble as temperature increases. DO varied from a minimum value of 

(5.9mg/l) in the monsoon season to a maximum value of (7.9mg/l) in the summer season with a mean 

value of 6.9. This is due to the fact that DO concentration is high due to the high photosynthetic activities 

of the phytoplankton at this period. Minimum is due to the mixing of impurities from the surrounding 

areas. The quality of the water in terms of DO content is always of primary importance, because at the 

waste discharge points in the river, the DO is required for the aerobic oxidation of the wastes. At the 

sampling sites, where the concentration of DO is less, more would be the pollution. Also, Zeba et al.
22

, 

explained that DO levels are important in the natural self-purification capacity of the river. The chloride 

on an average seasonal basis recorded maximum value of (47.0mg/l) in the monsoon season to a 

minimum value of (21.67mg/l) in the winter season with a mean value of 34.33. The highest value may be 

attributed  due to the presence of large amounts of organic matter
28

.The reduction in the levels of chloride 

concentration during colder seasons was possibly due to dilution caused by rainwater and snowfall. 

Excess chloride ions in water indicate degree of pollution and in natural waters the chloride ions are 

usually found associated with Na, K, Ca and chloride ions produce salty taste when concentration is 

100mg/l
29

. Nitrates are essential nutrients for many photosynthetic autotrophs. The nitrate nitrogen on an 

average seasonal basis recorded the minimum value of (0.13 mg/l) to the maximum value (0.30 mg/l) 

with a mean value of 0.215mg/l during winter and post- monsoon seasons. If the nitrate level will be over 

10mg/l in natural waters normally indicate man made pollution, but the measured values in the study were 

within the limit range. Man-made sources include fertilizers, livestock, urban runoff, septic tanks and 

waste water discharge. The concentration of nitrate was minimum during winter because in this season 

there were less pollution in the river and higher concentration is on the account of increase in 

anthropogenic pressure by the way of agricultural intensification in the paddy fields which lie close to the 

river ecosystem. Phosphate occurs almost soley as phosphates in natural waters. All forms of phosphate 

such as Orthophosphate, condensed phosphates and organically bound phosphates are found in waters. 

Phosphate is the nutrient considered to be the critical limiting nutrient, causing eutrophication of the fresh 

water system
30

. Phosphate concentration of river Narmada on an average seasonal basis recorded the 

lowest value (0.01mg/l) to the highest value (0.04 mg/l) with a mean value of 0.25 during winter and 

summer seasons. Phosphate content of 0.05 to 0.1mg/l is the threshold of it as a nutrient for natural 

waters. But in the present study, the water body with phosphate concentration more than 0.1mg/l 

represents a fresh water body of meso- eutrophication status. The highest concentration of the phosphate 

is due to the organic pollution and may also be attributed to the fact that river receives huge amount of 
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domestic sewage, municipal sewage and solid waste from the Hoshangabad market. High levels of both 

phosphate and nitrate can lead to the eutrophication, which increases algal growth and ultimately reduces 

DO levels in water
31

. It is widely assumed that nitrate concentration in fresh waters are negligible
32,33

, and 

the world wide average concentration has been estimated to be 1mg of nitrate/l
34

. Free CO2 is essential for 

the photosynthesis and its concentration affects the phytoplankton, and its productivity. Excess of it gets 

dissociated into carbonic acid. Increase in CO2 indicates increase in pollution load
35

. CO2 recorded a 

maximum value of (7.0mg/l and 9.1mg/l) with a mean value of 4.55 in the monsoon seasons. Free CO2 

was higher during the monsoon which may be attributed to the heavy inflow of organic waste from the 

surrounding human settlements and the Hoshangabad town. Free CO2 was absent in the winter season, 

because no photosynthetic activity can take place, sunlight was not so bright and photoperiod was less. 

Sharma and Mathur
36

 noted maximum free CO2 in the monsoon and minimum in the winter in north 

Indian waters. Total alkalinity is caused by bicarbonates, carbonates, OH ions, borates, silicates and 

phosphates. Alkalinity is important for aquatic life, because it equilibrates the pH changes that occur 

naturally and as a result of photosynthetic activity of phytoplankton
37

. The alkalinity of river Narmada 

was recorded from lowest value of (129mg/l) in the monsoon season to the highest value of (234mg/l) in 

the winter season with a mean value of 181.5. The increase in alkalinity during winter months may be 

attributed due to the accumulation of bicarbonate ions in these months as the rate of their uptake is 

declined in river Narmada. The decrease in the alkalinity in monsoon months is due to the fact that there 

is decrease in bicarbonate ions and in warm months because of its use by luxuriant growth of 

phytoplankton in river Narmada. Total hardness fluctuated from 140mg/l to 198mg/l in the winter and 

monsoon seasons respectively with a mean value of 169 mg/l. Total hardness is governed by the contents 

of calcium and Magnesium and the major contribution to hardness is usually calcium. It may be due to 

other ions such as Fe++ ion, practically hardness is a measure of the capacity of water to precipitate soap. 

Low concentration in the winter season is due to the less pollution, which results in less concentration of 

carbonates and bicarbonates of calcium. High concentration in monsoon season is due to the regular 

addition of large quantities of sewage and detergents in the water body from the nearby villages as there is 

high population pressure. Garg observed a difference in hardness between seasons in river Mandakini, 

Chitrakoot
38

. The source of calcium in natural waters is basically leaching from calcium rich mineral 

rocks such as lime stone or mineralization of organic matter by the bacteria. The average seasonal 

calcium hardness in river Narmada fluctuated from a minimum value of 96.0 mg/l to a maximum value of 

145 mg/l with a mean value of 120.5 mg/l in the post monsoon and monsoon season. Lowest value may 

be attributed due to the consumption of calcium by phytoplankton and zooplankton. Decrease of calcium 

in water is attributed due to the photosynthetic activity of macrophytes attaining their peak growth and 

production during the season
25

. Increase in calcium concentration in the monsoon season may be due to 

the low water level and additional amount of detergents added by human activities and by domestic waste 

into the ecosystem. The average seasonal Magnesium hardness content in the river Narmada fluctuated 

from 22.67mg/l to 84.67 mg/l in the winter and monsoon seasons with a mean value of 53.67mg/l. Lowest 

value of Magnesium is due to the lowest activities take place in the ecosystem and may be due to the less 

pollution. Laluraj et al.,
39

 found that in Kayamkulam estuary the Magnesium content varied from 637-

1158 mg/l and there the Magnesium and calcium generally reached the maximum during pre-monsoon. 

Highest value of Magnesium in the monsoon may be due to the human activities in the catchment area 

which lead to the entry of domestic waste into the wetland. The highest magnesium may be due to the 

flow of ions from the surrounding areas. 
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