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ABSTRACT

A study was conducted to interpret the interdependency between coliform counts and other hydrological parameters of
the Narmada River. Water samples were collected every month from the river Narmada in Maheshwar from the
centre and from both left and right catchment areas, recording high human activities between September 2023 and
September 2025. These samples were analysed for 12 water quality variables, including physical, chemical and
bacterial parameters. A correlation study was conducted, and the correlation coefficient “r” was determined using a
correlation matrix to identify the highly correlated and interrelated physicochemical parameters with coliform count.
Regression models were developed to test the significance of r’. Regression analysis was carried out using SPSS 16.
The comparison of the observed and predicted values of different parameters using the regression equation suggested
that the regression model provides a useful means of rapid and easier monitoring of the water quality of a river in a
region.
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INTRODUCTION

Water is undoubtedly the most precious natural resource that exists on our planet. Although we recognize
this fact, we disregard it by polluting our rivers, lakes and oceans. It is the basic duty of every individual
to conserve water resources (Jothivenkatachalam et al., 2010; Vega et al., 1998). The availability of water
determines the location and activities of humans in an area and our growing population is placing great
demands upon natural fresh water resources. At the source of a river, the water is relatively pure as it
flows downstream, riverine systems are getting polluted day by day (Rehman et al., 2013).

The Narmada River is situated in the central part of India and is the fifth-largest river in the Indian
subcontinent. It forms the traditional boundary between North India and South India and flows
westwards over a length of 1,312 km (815.2 mi) before draining through the Gulf of Cambay (Khambat)
into the Arabian Sea, 30 km (18.6 mi) west of Bharuch city of Gujarat.[1] It is one of only three major
rivers in peninsular India that runs from east to west (the largest west-flowing river), along with the Tapti
River and the Mahi River. It flows through the states of Madhya Pradesh (1,077 km (669.2 mi)),
Mabharashtra (74 km (46.0 mi)) - (35 km (21.7 mi)) border between Madhya Pradesh and Maharashtra
and (39 km (24.2 mi) border between Madhya Pradesh and Gujarat and Gujarat (161 km (100.0 mi)).
The Narmada basin, hemmed between Vindya and Satpuda ranges, extends over an area of 98,796 km2
(38,145.3 sq mi) and lies between east longitudes 72 degrees 32' to 81 degrees 45' and north latitudes 21
degrees 20' to 23 degrees 45', lying on the northern extremity of the Deccan Plateau. The basin covers
large areas in the states of Madhya Pradesh (86%), Gujarat (14%) and a comparatively smaller area (2%)
in Maharashtra. In the river course of 1,312 km (815.2 mi) explained above, there are 41 tributaries, out
of which 22 are from the Satpuda range and the rest on the right bank are from the Vindhya range.

The present paper deals with determining river water quality by measuring the concentration of some
physicochemical parameters and coliform count, comparing them with drinking water standards (WHO).
Regression models were developed to test the significant correlation coefficient of overall water quality
relative concentration of various pollutants in water, to provide a necessary clue for the implementation
of rapid water quality management.

To study the correlation between various water quality parameters, the regression analysis was carried out
using the computer software SPSS, version 16. The regression coefficient measures the degree of
association that exists between two variables, with coliform count taken as the dependent variable. The
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greater the value of the regression coefficient, the better the fit and the more useful the regression variables
(Fernandes et al, 2023).

The procedure for statistical analysis of results could be tedious, time-consuming and fraught with pitfalls,
especially when results are needed urgently in cases like an outbreak of contagious water-borne disease.
However, models can be designed which will provide a simple, economic and precise means of
interpreting results leading to satisfactory findings (Uddin et al, 2021). The aim of this study, therefore,
is to determine the levels of some pollution indicators and to study the statistical relationships between
them. Regression equations will also be established in order to provide an idea of the levels of pollution
by the parameters investigated and possibly proffering a preventive measure prior to detailed investigation
of the Narmada River.

MATERIAL AND METHODS
Selection of sampling station
Maheshwar
Maheshwar is a small town in the Khargone district of Madhya Pradesh state in central India. It is located
91 km away from Indore, the commercial capital of the state. The town lies on the north bank of the
Narmada River with its latitude 22°10’, 60” N and longitude 75°34’60” E.
Sampling station is selected based on its importance in anthropogenic or socio-biological activities in the
catchment areas. The station is situated near a municipal town where the population wholly depends
upon the river water to fulfil all their daily life activities as well as ritual activities. Apart from this, it is
also a famous historical place with forts and ancient temples. Tourists from throughout the world visit
here to perform various recreational activities such as swimming, boating, etc.
Sampling Method
The water samples were collected every month from September 2010 to September 2012 from the
sampling station Maheshwar. The collection of water samples has been done from selected stations in a
horizontal manner, i.e., from both sides of the catchment areas and just from the centre of the River every
month during the study period. Water samples were collected in air-tight, autoclaved, sterile black bottles.
Analysis of the water sample
American Public Health Association (APHA), New York, in 1980, in its 15th edition, presented standard
methods for the examination of water and wastewater to determine the physical, chemical and biological
examination of water. Results obtained were subjected to regression statistical analysis using Statistical
Package for Social Sciences (SPSS) 16th version.
Statistical screening
The regression analysis was used to estimate two water quality parameters to describe realistic groundwater
situations. In addition, this analysis attempts to establish the nature of the relationship between the
variables and thereby provides a mechanism for prediction or forecasting (Kumar and Sinha, 2010;
Agarwal and Sexena, 2011; Mulla et al., 2007). To find the relationship between two parameters X and
Y, Karl Pearson’s correlation coefficient, r, is used, and it is determined as follows:
r= ny(dxdy)-Ydx¥dy (1)

VT dx? -Edx)?)(nEdy? - dy)?)
where, n = number of data points; x = values of X-variable; y = values of Y-variable.
To evaluate the straight line by linear regression, the following equation of a straight line can be used:
y=aX+b (2)
where, Y = dependent variable ; X = independent variable ;
a = slope of line; b = intercept on y-axis
For good correlation, the value of r should be between 1<r < 1.

RESULT AND DISCUSSION
Table 01: Calculated values of water quality parameters and WHO-prescribed limits
Parameters |Unit Maheshwar Maheshwar Maheshwar [WHO limit
(Right Catchment |(left Catchment (Centre) (2005)
Area) Area)
Mean & SD Mean & SD Mean & SD
Temperature [°C 23.724+3.39 23.15+3.34 23.27+3.41 |
pH units 8.2224+0.34 8.31+0.38 7.98+0.30 6.5-8.5
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Transparency |cm 32.84+13.00 30.85+13.62 33.58414.33
Alkalinity mg/lit 171.88+39.27 166.38+39.22 160.275+£34.514
Chloride mg/lit 35.004+8.55 38.54+8.80 29.76+6.21 250
Free CO2 mg/lit 2.63+1.96 2.42+1.69 1.76+1.31
Hardness mg/lit 155.8431.42 174.15+39.62 131.33+19.90 [500
DO mg/lit 7.712+0.64 7.06+0.72 8.025+0.39 ¢
BOD mg/lit 2.872+0.48 3.08+0.52 2.495+0.54
COD mg/lit 41.08+5.52 42.54+5.35 34.25+4.70 |
Nitrate mg/lit 3.738+1.29 3.10£1.20 2.105+0.81 |10
Phosphate  |mg/lit 1.8136+0.33 2.61+£0.79 1.745+0.58 |
TDS mg/lit 202.78+46.31 219.92+48.15 211.06+33.98 (1000
T. Coliform MPN/100 [842.32+424.20 567.69+421.55 471.26+199.1810
ml
F. Coliform [MPN/100 [31.84+17.89 49.31+£22.04 15.425+6.40
ml

*SD- Standard Deviation

The value of different physicochemical parameters and coliform count, standard deviation and WHO-
prescribed limits are presented in Table 01. The physicochemical parameters were found to be within the
WHO limits, but the coliform count exceeded the limit, showing the unhygienic water quality to be used
for drinking and domestic purposes. The water quality of the Narmada River is under the pressure of
dam construction, water extraction and climate change, thus becoming unsuitable for use by mankind.
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Table 02b: Comrelations between different parmmeters of Narmads River water collected from the Centre flowing River @ Mabediwar
Temperature| pH rn-pnnylmcmmlw DO |BOD | COD [Nitrate Phosphate| TDS | Total | Feacal
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Sig (2
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Tabbe 02¢: Correlations between different parametars of Narmsada River water collected from the Left Catchment area of Mabeshwar
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Table 02 a, b, c represents the correlation among different parameters taken under consideration at three
different sampling sites of Maheshwar. For the right catchment site, the correlation of coliform count was
found to be significantly positive with temperature and chloride content at the 0.01 level. For a 0.05 level,
the relationship between coliform count and phosphate and free CO2 was highly correlated. Similarly,
for both the centre and left catchment sites, the correlation of coliform count was highest with
temperature, chloride content, and DO. The metabolism carried by the coliform for their growth and
division increases the temperature of the water, so with an increase in coliform count, there is a gradual
increase in temperature. An increase in nutrient levels in water due to different anthropogenic activities
is responsible for increasing the bacterial count.

In the present study, the coliform count was maximum during pre-monsoon. This may be attributed to
an increase in the rate of organic decomposition during which CO2 is liberated. The increased coliform
during pre-monsoon was due to the concentration of nutrients in the water. The decrease was due to
dilution caused by the rainwater after the monsoon.

Table 03a: Statistical regression analysis data (Right catchment area)

Dependent Variable Independent variable Regression Equation

Coliform count Temperature Coliform= 3.519 (Temperature) - 51.649
Coliform count pH Coliform= 18.247(pH) -118.191
Coliform count Transparency Coliform=-0.371(Transparency) + 54.903
Coliform count Alkalinity Coliform= -0.227(Alkalinity) +70.826
Coliform count Chloride Coliform= 1.703 (Chloride) -27.759
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Coliform count Free CO2 Coliform= 1.037 (Free CO2) + 29.113
Coliform count Hardness Coliform= 0.326 (Hardness) - 18.970
Coliform count DO Coliform=-6.447 (DO) + 81.560
Coliform count BOD Coliform= 6.985 (BOD) + 11.779
Coliform count COD Coliform= 0.872 (COD) -3.990
Coliform count Nitrate Coliform= 3.588 (Nitrate) + 18.428
Coliform count Phosphate Coliform= 8.368 (Phosphate) + 16.664
Coliform count TDS Coliform= 0.201 (TDS) - 8.906

Table 03b: Statistical regression analysis data (Centre)

Dependent Variable | Independent variable | Regression Equation

Coliform count Temperature Coliform= 3.439 (Temperature) - 37.722
Coliform count pH Coliform= 8.610 (pH) -27.179

Coliform count Transparency Coliform= -0.896(Transparency) + 73.454
Coliform count Alkalinity Coliform= -0.289(Alkalinity) +95.071
Coliform count Chloride Coliform= 2.052 (Chloride) -31.859
Coliform count Free CO2 Coliform= 0.693 (Free CO2) + 42.476
Coliform count Hardness Coliform= 0.337 (Hardness) - 11.190
Coliform count DO Coliform=-14.200 (DO) + 150.723
Coliform count BOD Coliform=-7.168(BOD) + 65.811
Coliform count COD Coliform= 1.884(COD) -34.484
Coliform count Nitrate Coliform=-0.776 (Nitrate) + 47.264
Coliform count Phosphate Coliform= 17.430 (Phosphate) + 5.774
Coliform count TDS Coliform= 0.343 (TDS) - 26.824

Table 03a: Statistical regression analysis data (Left catchment area)

Dependent Variable Independent variable Regression Equation

Coliform count Temperature Coliform= 1.504 (Temperature) - 19.501
Coliform count pH Coliform= 5.502 (pH) -28.374

Coliform count Transparency Coliform=-0.092(Transparency) + 18.431
Coliform count Alkalinity Coliform= -0.080(Alkalinity) +28.186
Coliform count Chloride Coliform= 0.603 (Chloride) -3.315
Coliform count Free CO2 Coliform=- 0.566 (Free CO2) + 16.355
Coliform count Hardness Coliform= 0.190(Hardness) - 9.539
Coliform count DO Coliform=-2.542 (DO) -4.975

Coliform count BOD Coliform= 4.416(BOD) + 4.407
Coliform count COD Coliform= 0.759(COD) -10.553
Coliform count Nitrate Coliform= 3.995 (Nitrate) + 7.004
Coliform count Phosphate Coliform= 2.711 (Phosphate) + 10.603
Coliform count TDS Coliform= 0.078 (TDS) - 1.029

The regression analysis was carried out to relate coliform count with different physicochemical
parameters. A good correlation was obtained between coliform count with chloride content and
temperature. Good correlation was also obtained for Coliform/nitrate and coliform/phosphate; however,
the correlation between coliform and nitrate, though within the acceptable range in catchment areas, but
the deviation is large in the centre, indicating poor correlations between them.

BOD tests only measure the biodegradable fraction of the total potential DO consumption of a water
sample, while COD tests measure the oxygen demand created by toxic organic and inorganic compounds
as well as by biodegradable substances. High BOD levels indicate a decline in DO, because the oxygen
available in the water is being consumed by the bacteria, leading to the inability of fish and other aquatic
organisms to survive in the river. Since coliform count can be measured in situ, the regression equations
y=6.985x+ 11.779 and 0.872 x-3.990 can be used to estimate the values of BOD and COD, respectively.
This will also ease the calculations of BOD/COD ratios in order to predict the biodegradability of the
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water, since high BOD/COD ratios indicate that the water is polluted and is relatively biodegradable.

REFERENCES

o Agarwal A, Sexena M (2011). Assessment of pollution by physicochemical parameters using regression analysis: A case study
of Gagan River at Moradabad-India. Adv. Appl. Sci. Res. 2 (2):185-189.

o Ali M, Salam A, Ahmed N, Bakhtyawar AK, Khokhar MY (2004). Monthly Variation in Physico-Chemical Characteristics and
Metal Contents of Indus River at Ghazi Ghat, Muzaffargarh, Pakistan. Pak. J. Zool. 36(4):295-300.

e APHA (2005). Standard methods for the examination of water and wastewater. American Public Health Association,
Washington D.C. (21st edn).

¢ Brion M (1973). The influence of environmental factors on the distribution of freshwater algae in an experimental Study. The
role of pH, Carbon dioxide, and the biocarbonate system. J. Ecol. 6(1):157.

e Jain CK, Sharma MK (2000). Regression analysis of groundwater quality data of Sagar District, Madhya Pradesh. Indian J.
Environ. Health 42(4):159-168.

e Jawale AK, Patil SA (2009). Physico-chemical characteristics and phytoplankton abundance of Mangrul Dam Dist-Jalgaon,
Maharashtra. J. Aqua. Biol. 24(1):7-12.

e Joarder M A, Raihan F, Alam ] B, Hasanuzzaman S (2008). Regression analysis of Groundwater quality data of Sunamjang
District, Bangladesh. Int. J. Environ. Res. 2(3):291-296.

o Jothivenkatachalam K, Nithya A, Chandra Mohan S (2010). Correlation analysis of drinking water quality in and around Perur
block of Coimbatore District, Tamil Nadu, India. Rasayan J. Chem. 3(4):649-654.

e Khuhawar MY, Leghari SM, Bozdar RB, Mastoi GM, Jahanger TM (2000). Variation in water quality: Assessment of River
Indus from Kotri Barrage to Arabian Sea. Proc. National Seminar on Drainage in Pakistan, Mehran University of Eng. Tech.
Jamshoro August 16-18.

e Kumar N, Sinha DK (2010). Drinking water quality management through correlation studies among various physicochemical
parameters: a case study. Int. ]. Environ. Sci. 1(2):253-259.

e Mehta KV (2010). Physicochemical characteristics and statistical study of groundwater of some places of Vadgam taluka in
Banaskantha district of Gujarat state (India). J. Chem. Pharm. Res. 2(4):663-670.

o Mulla JG, Farooqui M, Zaheer A (2007). A correlation and regression equation among water quality parameters. Int. J. Chem.
Sci. 5(2):943-952.

e Obiefuna GI, Orazulike DM (2010). Physicochemical characteristics of groundwater quality from Yola Area, Northeastern
Nigeria. J. Appl. Sci. Environ. Manage. 14(1):5 - 11.

e Pathak H, Limaye SN (2011) Interdependency between physicochemical water pollution indicators: A case study of river Babus,
Sagar, M.P., India. J. Seria Geo 21(1):23-29.

e Patil VT, Patil PR (2010). Physicochemical analysis of selected groundwater samples of Amalner town in Jalgaon district,
Maharashtra, India. Electron. J. Chem. 7(1):111-116.

o Patil VT, Patil PR (2011). Groundwater quality of open wells and tube wells around Amalner town of Jalgaon, district,
Maharashtra, India. Electron. J. Chem. 8(1):53-78.

e Rahman AU, Chughtai MO (2014). Regional interpretation of river Indus water quality data using a regression model. J, Afr.
Environ. Sc. & Tech.8(1):86-90.

e Sadia A, Feroza HW, Imran Q, Muhammad Hamid SW, Tirmizi SA, Muhammad AQ (2013). Monitoring of anthropogenic
influences on underground and surface water quality of the Indus River at district Mianwali-Pakistan. Turk. J. Biochem. 38(1):25-
30.

o Salve BS, Haware CJ (2006). Studies on water quality of Wanparakalpa Reservoir, Nagapur near Parli Vaijath, Dist Beed,
Marathwada region. J. Aquat. Biol. 21(2):113-117.

e Sami GD, Ahmed SW, Ahmed SB, Manal HO (2011). Linear correlation analysis study of drinking water quality data for
AlMukalla City, Hadhramout, Yemen. Int. J. Environ. Sci. 1(7):692-1701.

e Tassaduge K, Ali M, Salam A, Latif M, Zahra T (2003). Study of the Seasonal Variations in the Physico-Chemical and Biological
Aspects of the Indus River, Pakistan. Pak. J. Biol. Sci. 6(21):1795-1801.

e Uddin MG, Nash S, Olbert Al (2021). A review of water quality index models and their use for assessing surface water quality.
Ecol. Indic., 122 (2021), Article 107218, 10.1016/].ECOLIND.2020.107218

e Vega M, Prado R, Barrado E, Deban L (1998). Assessment of seasonal and polluting Effects on the quality of river water by
exploratory data analysis. Water Res. 32 (2):3581- 3592.

o Wetzel RG (1983). Limnology. Second Edition. Edited by Wetzel, LG. Michigan State University. CRS College Publishing,
Philadelphia, New York, Chicago. p. 789.

e Fernandes ACP, Fonseca AR, Pacheco FAL, Sanches Fernandes LA (2023) Water quality predictions through linear regression
- A brute force algorithm approach, MethodsX, Volume 10, https://doi.org/10.1016/j.mex.2023.102153.

199


https://doi.org/10.1016/J.ECOLIND.2020.107218
https://doi.org/10.1016/j.mex.2023.102153

