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Abstract: To understand the consequences of intensive agricultural land use and industrial activities on 
water resources is necessary for better management of water quality and environmental improvement. 
This study mainly focuses on the application of Multiple Linear Regression analysis to evaluate water 
quality of Banbana talab at Nagda, Ujjain, M.P (India) due to anthropogenic activities. Water samples 
were collected from four study pointswhere human and animal activities were negligible. A total of 63 
samples were analyzed for 6 chemical parameters temperature, pH, Alkalinity, DO, TH, TDS, and 
Chloride, during Monsoon, winter and summer seasons of 2016-17. The total data points were analysed 
by multiple correlation regression analysis. Pearson’s correlation coefficient (r) value is determined 
using windows xlstat software to identify the highly correlated and interconnected water quality 
parameters. The outcome point out that the mean values of all the calculated physico-chemical 
parameters of pond water are within the acceptable limit set by ICMR/BIS. Therefore, water is found to 
be potable after some primary treatment. The correlation matrix studies are helpful to regulatory bodies 
to identify individual factors responsible for deteriorating water quality and thus to execute control 
measures for the water body. 
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Introduction: The accessibility of water governs the location and activities of humans in a particular 
area. Our ever-increasing population is usingunlimited demands upon natural fresh water resources. 
Fresh water scarcities in many areas witnessed in India due to rising demand, unequal distribution and 
increasing pollution of existing water supply. The major sources of drinking water in India are frequently 
polluted by the actions of the neighboring populations and industrial formations [1] [2] [3] [4] [5] [6] [7] [8]. Our 
earlier 8 years of published research clearly discovered that water quality of Chambal River and 
surrounding ponds was deteriorating due to industrial and municipal waste discharges. Prediction of 
representative variable in water quality monitoring program is very important and difficult due to 
seasonal and temporal variations.Hence, a consistentassessment of the physico chemical quality 
parameters is necessary in water quality assessment programs. The use of several multivariate statistical 
techniques, like correlation and regression analysis helps in the authentication of complex data matrices 
to better understand the water quality and ecological status of the freshwater eco systems. It also 
permits the detection of possible sources that control water systems and offers an essential tool for 
reliable management of water resources. 

[8] 

 
The use of correlation/regression analysis is found to be a highly useful tool for comparing different 
parameters of water quality to establish the nature of the relationship between the variables and thereby 
provides a mechanism for prediction or forecasting. 

[9] 
The technique for statistical analysis of results 

could be tedious, time consuming and tense with drawbacksparticularly when outcomes are needed. 
The aim of this study therefore, is to determine the levels of some pollution indicators and to study the 
statistical relationships between them.  
 
Banbani talab (pond) is natural pond and located in Banbana village of Nagda Tehsil of Ujjain district in 
Madhya Pradesh, India. It is located 6km away from sub-district headquarter Nagda and 55km away 
from district headquarter Ujjain. Until now, this pond is untouched in terms limnological study. 
Anthropogenic activities like swimming, washing of cattle and vehicles are common near the banks of 
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the pond. Therefore, the present study was aimed to study the water quality parameters of the pond on 
annual basis. Therefore, is imperative to examine the water quality to define its appropriateness for 
drinking, domestic, industrial, agricultural uses. Seven water quality parameters namely, Temperature, 
transparency, pH, Dissolved Oxygen, (DO), Total alkalinity, Total Dissolved Solids (TDS), Total 
hardness (TH) and chloride content were determined for one year on seasonal basis. 
 
Materials and Methodology: Banbani talab (pond) is natural and small pond in Banbana Village. It is 
located in Banbana village of Nagda Tehsil of Ujjain district in Madhya Pradesh, India Fig.1 (Latitude 23° 
26' 31.67" N to 23° 27' 22.02"N Longitude 75° 23' 55.16"E to 75° 24' 51.83"E). The local people used this 
fresh water reservoir for mainly in drinking, irrigation and fishing purposes. Henceforth, anthropogenic 
interference is sufficient to affect the quality of water. 
 
Selection of Sampling Sites: For the present study, three geographically and ecologically varied 
stations were selected. The selection of sampling site was decided by the various uses of water and by 
their location, relative magnitude and importance. The chance of accidental pollution was also 
considered for sampling. Several other factors like chances of variation in fecal contamination from the 
landmass, silt and sewage discharge through the rivulets of rivers, possibility of variation in 
hydrographic and physico-chemical parameters, depth of the water etc. were also taken into account 
while the selection of sampling sites. 
 
Study Station I: Center point: This is the point represent the general water quality of the pond. Human 
activities are reduced here for bathing and fishing. This station was taken as the reference station 
(control) owing to the absence of sewage discharge into the reservoir from households. 
 
Study Station II: The inlet point: This is the point where the feeder opens in the lake. This station is 
located at northern part of Nagda town. Domestic and agricultural waste is drained into this station. 
Motor vehicles are constantly washed.  
 
Study station III: The outlets point: This is the place where the overflows and outflow occurs. 
 
Sample Collection: Sub surface water samples were collected from three different study stations of 
reservoir on three monthly (quarterly) basis in triplicate in morning hours between 7:00 to 9:30AM, in 
one-liter plastic bottles at the depth of 0.5 to 0.7 m, which were formerly cleaned with dilute HNO3 and 
detergent followed by distilled water. Collection was done in the beginning of June to September 2016 
(Monson), November-December, 2016 (winter) and March-May 2017(summer) to reflect seasonal 
influence and the results were expressed on seasonal basis. All the chemicals used were of AR grade. The 
natures of correlations between parameters were determined based on the correlation coefficient 
obtained. Data obtained from chemical analysis compared with ICMR/BIS

 [10] [11] 
procedure. 

 
Water samples were maintained by keeping in refrigerator at 4°C and adding 3 – 4 drops of conc. HNO3 
to minimize the pH below 2 to avoid precipitation or degradation of dissolved and suspended metallic 
elements. Analysis was carried out for most water quality influencing 7 parameters. The decisive 
parameters were tested on the same day while other parameters were tested with in their time limit. 
Temperature and pH of the water samples were measured at the site during sampling. Other samples 
like Dissolved oxygen (DO), transparency, Total alkalinity, Total dissolved solids (TDS), Total hardness 
(TH) and Chloride content were determined using the standard method of APHA (1998) [12] within 24 
hours of sample collection. Statistical calculations of multiple linear regressions (MLR) were madeby 
using XLSTAT 2010 Excel addin Window software. [13]  

 
Results and Discussion: The statistical analysis of result with respect to range, mean, SD and SE values 
for surface water quality parameters are summarized in Table.1.  Significant variations in water quality 
parameters were observed among the seasons because of the occurrence of different hydrographic 
environment in different seasons. Few of the parameters shown significant correlation, while the others 
exhibited are not. This is possibly due to highly variable nature of chemical concentrations in industrial 
and municipal effluents as in the past. 
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Surface water Temperature: Both reproductive schedules and metabolic activities of aquatic 
organisms are regulated by water temperature. In general, metabolic activity enhances with an increase 
in temperature, thus increasing demand for oxygen to aquatic organisms. Nevertheless, an increase in 
rivulet temperature also causes a decrease in DO, detaining the amount of oxygen available to these 
aquatic organisms. With an inadequate amount of DO available, the fish and other living organisms in 
this system will become stressed out.  Besides, an increase in temperature can also provide conditions 
for the growth of pathogenic organisms. In this study, we recorded significant seasonal fluctuations in 
surface water temperature during the study period. The surface water temperature of all study stations 
was ranged in between 19.4 to 31.21°C.  The minimum temperature was recorded 19.4°C in December 
2013 at Station 1 and the highest temperature was 31.21°C recorded in summer 2013 at Station 2. As 
expected, we noticed low water temperatures in winter seasons whereas high temperatures were 
recorded during the summer months at all the sites. We noticed a difference of 10-11°C difference in the 
surface water temperature between summer and winter seasons but not much varied among the study 
stations.  
 
Transparency: Assessment of water transparency is a valuable indicator of water quality or 
productivity and is widely used to identify long-term changes in the water quality and 
eutrophication of fresh water ecosystems.In the present study, the values of transparency are ranged 
between 12.8 cm to 28.2cm, which indicates productive nature of this pond. The minimum transparency 
value was recorded 12.6cm in winter season at Station 2 while maximum value was noted as 28.2 cm in 
December 2016 at Station 1 (Control). Significant seasonal fluctuations in transparency values were 
found throughout the study period. Station-3 showed the second highest with a value of 21.2 cm in 
Monsoon. In this study, transparency values are comparatively low in monsoon all study stations in 
both the years. This may be due to the excess inflow of debris, soil erosion and addition of mud, which 
prevented the penetration of light. Results clearly shown that lowest Secchi depth was found during the 
pre monsoon in all stations and the highest Secchi depth was found at Control (Station 1) during the 
winter months and the lowest value was noticed at the Station 3.  
 
pH: pH is a mathematical term that indicates the extent to which water is acidic or alkaline. It is a size 
of the amount of free hydrogen ions in water. Specifically, pH is the negative logarithm of the molar 
concentration of hydrogen ions. pH is an important parameter in water body since most of the aquatic 
organisms are adapted to an average pH. The normal range for pH in surface water systems is 6.5 to 
8.5 and for groundwater systems 6 to 8.5(ICMR, BIS) [10] [11]. Above 8.5 pH values alters the taste of water 
more salty and causes eye irritation and dermal disorders. However, pH in the range between 3.5–4.5 
affects the aquatic life. 
 
The pH of surface water in all 3-study stations at Banbani pond showed a neutral or slightly alkaline 
tendency during all the seasons of study period might be due to geology of catchments area and 
buffering capacity of water. The variations in pH are relatively small. The pH of water disturbs the 
solubility of many toxic and nutritive chemicals. Consequently, the accessibility of these ingredients to 
aquatic organisms is affected. In acidity, most metals become more water soluble and more toxic. 
Toxicity of cyanides and sulphides also increases with a decrease in pH (increase in acidity). Ammonia 
becomes more toxic with only a slight increase in pH. The results of the present study clearly shown that 
pH of water all the three ranged in between 6.7 to 7.5 and found to be within the permissible limits of 
CPCB and BIS

[10] [11]
.The pH was recorded minimum of 6.7 in May at Station 1. The highest values of pH 

were of 7.5 in the winter month at Station 3. The rise in pH during pre and post-monsoon pointed out 
high pollution due to the addition of sewage and other wastes particularly when water flow was low. 
Statistical analysis clearly revealed a significant positive correlation of pH with all physicochemical 
parameters.  
 
Total Alkalinity: The alkalinity of water is mainly due to presence of carbonate ion and bicarbonate 
ion.The standard desirable limit5 of alkalinity in potable water is 120 mg/L. The maximum permissible 
level is 600 mg/L. The details of total alkalinity of surface water of five different study stations and in 
different seasons are presented in Table 7 and Fig 7. Results clearly reveal that alkalinity exhibited 
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seasonal fluctuations variation. All of the water samples of study stations revealed permissible limits of 
alkalinity and hence can be used for domestic use. The values of alkalinity of present study were ranged 
between 76 to 112 mg/l during monsoon, 122 to 145 during winter season and 101 to 184 mg/L in summer 
months. Alkalinity of drinking water has not been reported to be harmful but generally, 100 mg/l is 
desirable for drinking water. In the present study, the values of total alkalinity were higher in summer 
seasons followed by sudden fall in monsoon, which may due to dilution of rain water.  
 
Dissolved Oxygen (DO): Aquatic animals totally depend on dissolved oxygen for its survival. The 
amount of dissolved oxygen (DO) in fresh water is dependent on the water temperature, the amount of 
remains in the reservoir, the sum of oxygen taken out of the system by respiring and decaying 
organisms, and on the sum of oxygen put back into the system by green plants. In the present study, the 
DO values were ranged between 6.1 to 8.1 mg/L in different seasons. The lowest amount of DO was 
noted in the month of August (6.1 mg/L) at station 1 and maximum at S2 in December (8.1 mg/L) and at 
station 3 in summer months. The overall mean during the entire study period was 7.1 mg/L. The DO of 
water of all study stations was high in monsoon months and comparatively lower during monsoon and 
lowest concentration of DO was recorded in the summer months. Results also confirmed that dissolved 
oxygen showed an inverse trend against the temperature.  
 
Total Dissolved Solids (TDS): Assessment of Total dissolved solids (TDS) is a measure of the collective 
material of all inorganic and organic substances enclosed in a liquid in molecular, ionized or micro 
granular suspended form. The acceptable limit of TDS of drinking water is 500 mg/l. The results of the 
present study clearly shows that the TDS values of different study stations during the study period are 
within the permissible range of ICMR/BIS. High concentration of TDS in drinking water may result as 
incidence of cancer, arteriosclerotic heart diseases and cardiovascular diseases.

 [14]
 The total dissolved 

solids (TDS) of the present study ranged from 72.1 to 126.14 mg/L in different ponds and in different 
seasons which was found to be within the prescribed limit of 500 mg/L. Site S3 recorded higher values in 
all seasons as compared to other sites. It may be may be due to agricultural runoff, sewage discharges 
and anthropogenic activities along the banks at these study stations. The highest value of TDS was 
evidenced in all ponds during monsoon. However, values of TDS never exceeded the permissible limits 
in all seasons.Results also revealed that TDS showed a considerable negative relationship with chloride. 
Although the range of chloride value (5.06 to 61.6 mg/l) was more or less similar in winter, post 
monsoon. In the present study, it was found that all water samples have less TDS values than the 
prescribed standards (BIS/ICMR) [10] [11] and is fit for drinking purposes.  
 
Total Hardness; (TH mg/L): Hardness of water can be explained as the inhibition of soap action in 
water due to presence of magnesium and calcium salts. It can be temporary or permanent. Water 
hardness has no identified adverse effects but some available facts indicate its role in heart diseases, 
nervous system defect and prenatal mortality. 

[15]
 Hard water is unsuitable for domestic use and it is a 

measure of the calcium and magnesium content, customarily expressed as the equivalent of calcium 
carbonate. In the present study, the total hardness is rangedbetween 54 mg/L to 159 mg/L, which is 
higher than standard limits of BIS, and CPCB. The lowest value of 54 mg/L at station 1 during winter at 
Station 1. However, the highest of 159 mg/L obtained in at Station 3 during summer months. We 
observed a significant difference in hardness (P<0.05) among seasons with higher value in summer and 
lower in winter. However, gradual decreases in the hardness of surface waters were noticed in e 
monsoon months to winter at all stations. TH of water is due to weathering of carbonates minerals such 
as calcium and magnesium. Elevated levels of TH observed during summer period when compared with 
other seasons may be due to dissolution of minerals by infiltration of infantile groundwater into the 
aquifer system. Total hardness showed a strong positive correlation with temperature, alkalinity and 
phosphate.  
 
Chloride (Cl-): Chloride is an extensively scattered element in all types of rocks in one or the other 
form. Its affinity towards sodium is high. Hence, its amount is high in ground waters, where the 
temperature is high and rainfall is less. Soil porosity and permeability also has a key role in the chlorides 
concentration. The estimation of chloride content in fresh water serves as an indicator of pollution by 
sewage. Individuals’ habituated to high chloride in water is subjected to laxative effects. 

[16]
According to 
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ICMR/BIS, maximum acceptable limit for chloride in drinking water is 250mg/l. The values of chloride 
observed in all study stations during monsoon months were low and are within the permissible limits of 
ICMR and BIS.Whereas the chloride value observed in S2 in summer months was slightly above the 
standard desirable limits. Chloride concentration in the present study varied between 98 mg/L to 254 
mg/L in different seasons and among different study stations.The lowermost amount of chloride was 
recorded in the month of July at station 1 with a value of 98 mg/L, and maximum in May 2017 (259 
mg/L) at station-2 during the summer months. However, water samples of monsoon season were found 
to be in the range of 97 mg/L -128 mg/L. Higher chloride concentration in summer months may be due 
to the usage of washing, bleaching and dyeing process adopted by local people. Further, the unprocessed 
domestic effluents are discharged into the reservoir which leachates and joins the reservoir. The 
presence of chloride in slightly higher amounts in S2 may be due to natural geological processes or it 
may be awarningsign of pollution from domestic use and agricultural runoff.  
 
Correlation Matrix Analysis:  
a) Monsoon: Water temperature (Temp) showed significant positive correlation with pH (0.57655), TDS 

(0.576557) and TH (0.090). But it is negatively correlated with transparency (-0.57656), DO (-
0.66637) and Chloride (0.05241). Transparency and TDS has shown significant negative correlation (-
0.86603) while pH shown to positive correlation with all parameters studied except alkalinity (-
0.38486). DO shown positive correlation with alkalinity (0.812706), TDS (0.812706), TH (0.682048) 
and chloride (0.779525). TDS and TH are positively correlated (0.866025) and also correlated with 
chloride content (0.989743). 

b) Winter: During winter, the temperature is positively correlated with transparency (0.998625) and 
pH (0.327327) while it is significantly negatively correlated with all other water parameters. Ph is 
positively correlated with TDS (0.666474), TH (0.355386) and chloride (0.266541) but negatively 
correlated with DO and alkalinity. DO is negatively correlated with temperature (-0.57656), TDS and 
TH. As in monsoon, TDS and TH are positively correlated (0.933716) and also correlated with 
chloride content (0.99563). 

c) Summer: In summer months, the water temperature is highly significant (0.9) with all parameters 
except transparency (0.99629). The values of transparency also followed similar trend. Both pH and 
Alkalinity displayed significant positive correlation (0.9) with all parameters. DO also show 
significant positive correlation with TDS (0.97995285), TH (0.997964) and chloride (0.88602). As 
usual and again, TDS and TH are positively correlated (0.9799) and also correlated with chloride 
content (0.9137). 

Our studies are in agreement with many workers of past and present. [17] [18] [19] [20] [21] [22] [23] [24]   
 
Conclusion: The correlation matrix regression analysis has been found to be a functional technique 
towards the drinking water quality management. The results of present study conclude that from 
correlation matrix analysis reveals the minimum interference of anthropogenic activities in the pond. It 
is also noticed that the dissolved oxygen (DO) and TDS are important physicochemical of drinking 
water quality parameters, because they are correlated with most of the water quality parameters. The 
outcome point out that the mean values of all the calculated physico-chemical parameters of pond water 
are within the acceptable limit set by ICMR/BIS. Therefore, water is found to be potable after some 
primary treatment. The correlation matrix studies are helpful to regulatory bodies to identify individual 
factors responsible for deteriorating water quality and thus to execute control measures for the water 
body. 
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Fig.1: Showing The Study Location 

Table 1: Range, mean and S.E. of Water Quality Parameters at Different Locations of 
Banbani Pond During 2016-17 

 Monsoon Winter Summer 

Stations 
Parameters 

S1 S2 S3 S1 S2 S3 S1 S2 S3 

Temp 
20.01± 

0.2 
20.11± 

0.3 
20.01± 

0.1 
20.41±0.11 19.81±0.13 20.01±0.14 29.44±.1 30.21±.17 31.01±.19 

Trans 
13.2± 
0.11 

12.8± 
0.12 

13.2± 
0.13 

28.2± 1.11 
18.4± 
0.90 

21.2± 1.12 17.8± 1.1 15.2±0.9 13.2±0.8 

pH 
7.1± 
0.11 

7.2± 
0.12 

7.1± 
0.14 

7.4±.0.13 7.3± 0.12 7.5± 0.11 
6.74± 

8.9 
6.85± 

7.6 
6.92± 
10.2 

Alkalinity 
76± 
5.1 

81± 3.1 
112± 
3.0 

124± 7.14 145± 7.17 122± 6.15 101± 3.1 172± 3.0 
184± 
7.14 

DO 
6.1± 
0.2 

6.8± 
0.3 

7.1± 
0.3 

7.8±.0.13 8.1±.0.14 7.7± 0.11 7.4± 0.3 7.8±.0.13 8.1±.0.14 

TDS 
119.1± 

3.3 
124.1± 

2.4 
119.1± 

3.4 
72.10±2.14 87.10±3.14 119.1±6.12 76.1± 0.2 

116.9± 
0.3 

126.3± 
0.2 

TH 
56± 
0.9 

60± 
2.2 

58± 
3.2 

54± 4.14 
86±3.13 

 
104± 4.14 108.1±2.8 

140.1± 
3.8 

159.1± 
4.2 

Chloride 
98± 
3.1 

146± 
4.1 

128± 
3.3 

109± 4.3 159± 5.2 178± 3.5 107± 5.1 259± 2.8 252± 3.2 

± S.E = Standard Error 
Correlation Matrix Analysis: Monsoon: 

  Temp Trans pH Alkalinity DO TDS Th Chloride 

Temp 1        

Trans -0.57656 1       

pH 0.576557 -1 1      

Alkalinity -0.97602 0.384858 -0.38486 1     

DO -0.66637 -0.22502 0.225018 0.812706 1    

TDS 0.576557 -1 1 -0.38486 0.225018 1   

TH 0.090784 -0.86603 0.866025 0.128191 0.682048 0.866025 1  

Chloride -0.05241 -0.78571 0.785714 0.268555 0.779525 0.785714 0.98
9743 

1 
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Winter: 

 
Temp Trans pH Alkalinity DO TDS Th Chloride 

Temp 1 
       

Trans 0.998625 1 
      

pH 0.327327 0.27735 1 
     

Alkalinity -0.70222 -0.66393 -0.9026 1 
    

DO -0.57656 -0.53294 -0.96077 0.986583 1 
   

TDS -0.4863 -0.53143 0.666474 -0.28062 -0.43355 1 
  

TH -0.7669 -0.79948 0.355386 0.081613 -0.0822 0.933716 1 
 

Chloride -0.82348 -0.85209 0.266541 0.174333 0.011232 0.896201 0.99563 1 

 
Summer: 

 
Temp Trans pH Alkalinity DO TDS Th Chloride 

Temp 1 
       

Trans -0.99629 1 
      

pH 0.990406 -0.99863 1 
     

Alkalinity 0.920875 -0.95102 0.965915 1 
    

DO 0.995648 -0.99997 0.998974 0.953198 1 
   

TDS 0.936744 -0.9634 0.976125 0.99908 0.965285 1 
  

TH 0.987677 -0.99748 0.999829 0.970542 0.997964 0.979979 1 
 

Chloride 0.838958 -0.88269 0.906112 0.984734 0.88602 0.976366 0.913789 1 

 
 
 
 

*** 
  


