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CHAPTER-3 

MAHANANDA RIVER CASE STUDY 

3.1 Introduction: 

The R~ver Mahananda, a tributary of the mighty river Ganga, rises from springs in the 

Dow Hills forest also known as Mahanadi in the Darjeeling hills originating from the 

Mahaldiram range, near Chimli (Lat.26°.55'15"N an Long.88°28'5"E at an elevation at 

2060 metres)), below Darjeeling town falls in the spectacular cascade named 

Paglajhora near Kurseang (7407 ft) in to the sloping plains of southern Darjeeling district 

of Weat Bengal and fed by three other similar rivers the Mahanadi, the Balason and the 

Machi. It bifurcates into two channels at Barsoi in Bihar, one flow through Bihar by the 

name Fulhar and the other flows through West Bengal as Mahananda which runs a zig

zag course through Malda district into the Padma in Bangladesh. 

This river is a rain fed river. During summer or winter it has very low water level and 

during monsoon it carries large amount of rainwater often causing floods as well as 

erosion. The river meanders conspicuously through the lofty Himalayas, North Bengal 

plain (Distance 376 KM) and Bangladesh (36 KM).This river is perhaps the longest river 

in West Bengal. The upper catchment have been deforested and the clearing of the steep 

slopes have been used for the extension of settlement, agriculture, tea plantation, 

disrupting the overall ecological balance. As a result, during heavy and concentrated 

rainfall, innumerable land slides are caused carrying huge amount of sediments to the 

river, which is incapable of transporting the suspended solid efficiently under the present 

hydrological conditions, mainly along its lower reaches. Thus the river bed is rising at the 

many places in the plains, causing devastating floods during monsoon time. The 

important tributaries of this river are the Balason, Mechi, Kankoi, Panar,Dauk, Kalindri, 

Nagar,Tangon and Punarbhaba etc. The total catchment area is 25043 sq.km of 4500 

sq.km in Nepal, 6340 sq.km in West Bengal, 11100 sq.km in Bihar and 3103 sq.km in 
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Bangladesh. Some major places by the side of the river are Siliguri and Maida both in 

West Bengal, India. 

3.2 Mahananda catchments Area: 

A. Siliguri: 

Siliguri is a subdivision of the district Darjeeling, West Bengal. It is a major city of North 

Bengal and an important business town of North-Eastern part of India and importance 

comes from its strategic location near international and national borders. It is situated on 

the banks of the river Mahananda and spread around the foothills of Eastern Himalayas 

and the gateway to Sikkim and all other North Eastern States. Siliguri is a convenient 

base for travel to the Himalayan Hill stations like Darjeeling, Kalimpong and Gangtok. It 

is also foreign transit rout for Bangladesh, Bhutan, Nepal and Tibet (China) via Nathula. 

The ~evelopment of Siliguri started from British period when the English people started 

to spend summer in Darjeeling and extend their Territorial Domain activities in the North 

Eastern part of India, Bhutan and Nepal.Siliguri was first declared as a Municipal town in 

1950 with an area of 15.54 sq.km. This area was subsequently increased and in 1994 it 

reached to 41.90 sq.km and now it is upgraded to Siliguri Municipal Corporation (SMC) 

and the area is extended to about 120 sq.km, about 70% area falls under Jalpaiguri 

district. 

The population growth rate is much larger than average from less than 5,000 in 1931 to 

more than 5, 50,000 currently. The advantageous locqtion of Siliguri has made it an ideal 

place for immigration of people from the adjacent States and Countries. Though lots of 

communication systems viz, railways, roadways, airways are developed in rapid space in 

this area but the other important components as power, healthcare, sanitation, drinking 

water systems has not been developed yet to meet the demand. Presently some industries 

are also growing in this region. All these things have imposed environmental stress in this 

area. Non existence of proper drainage and sewage facilities is causing a great problem. 

A huge quantity of municipal sewage and other kinds of waste all of which pass through 

the open drain discharge in the Mahananda river. 

80 



RIVER MAHANANDA AROUND S~UGURI 

A ' ) 

INDEX 

Railway Line 

Road 

River 

9 Canal 

SCALE Sample Site I>- ; li 1.. c: 

Figure 3.2 

81 



·~) 
~· 

·~ 

B. Maida (English Bazar): 

English Bazar urban agglomeration comprises of Maida and En~lish Bazar. The town lies 

east of the confluence of the Mahananda and Kalindlj rivers. It is the district headquarters 

of Maida and it became a municipality in 1867. Greater part of Kaliachack, English Bazar 

and Manikchack P.S. is situated in between the Ganga and Mahananda. The Bhagirathi

Pagla in the southern part is completely at loss to find its direction and has cut across a 

loop of 24 KM contour to wander in the diara lands for a link up, with both Ganga and 

Mahananda. If the Mahananda is in spate, the water will flow into the Bhagirathi-Pagla 

towards the Ganga. On the other hand, if a spate comes down from upper reaches along 

the Ganga and the Mahananda does not receive much rain simultaneously, the flow in the 

Bhagirathi-Pagla will be reversed i.e. towards the Mahananda. The 4ischarge of 

pollutants from English Bazar Mahananda is heavy due to high density of population. 

The most alarming situation has developed because of large scale waterside defection. 

Due to rapid urbanization in this region the slums have grown up in and around English 

Bazar, where waste disposal into the adjoining watercourses have increased manifold. 

3.3 Location of Sample Sites: 

Most of the rivers in North Bengal area are flowing from North to South we denoted E 

for East river bank, M for middle of the river and W for the other side of the river bank. 

All the sample sites and other positions are pointed in the river and catchments area maps 

of the region under consideration. Photographs of the sample sites are also presented. 
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3.3.1 River Mahananda (Siliguri): 

The river MahanaQda flows through the heart of the Siliguri town. Three road bridges 

connect both parts of the town and about 5 Km of the river flows through the town. The 

first spot (A) is selected for collecting sample at the river bridge at Champasari; The river 

gorge in this location is about 40m in width and it varies seasonally from 30m to lOrn. 

The Champasari Market side riverbank is denoted by (W), and the other bank side is 

denoted by (E).The river from this spot enters the city area. The second location (B) has 

been taken at under the road bridge on Hillcart Road, Siliguri. The bank side (E) is 

denoted to the river bank in which Airview hotel is located. The other bank is denoted as 

location side (W). The river gorge in this area is about 50 m wide with a stream width 

varies from 10 ft to 50ft depending on the season. Understanding the importance of 

investigation of the water quality the third location (C) is taken at Mahananda Barrage. 

The mark (E) is used for the bank on the side where the pump house is located (Fulbari 

side) (W) marked off the side (Phansidaoa side) of the river bank. 

3.3.2 River Mahananda (English Bazar): 

River Mahananda flows through the western side of English Bazar town. The sample site

A is chosen at Mokadipur. This is the closest approachable site where the river enters the 

town area. Here the river is about 50 m wide and except the rainy season the width is 

revised to about 10m. Mission Ghat is selected as sample site B since it is in the middle 

of the river segment around the English Bazar area. Here the river is about 70m in width 

and varies about 20 m seasonally barring the rainy season. Here the town people reside 

on both side of the river. The third spot (C) is selected at Raipur Ghat as down steam 

location. Here the river is about 50m in width and varies about 20 m seasonally. 
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Figure 3.4 

Site map of Siliguri Municipal Corporation (SMC) (Not in Scale) 
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Figure 3.5 (ref.www.mapsofindia.com) 
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3.4 Data acquisition 

Water quality data were obtained from the library division of WBPCB, Salt Lake, 

Kolkata, office as accumulated in their published annual project report of various years. 

The water quality data were taken of Mahananda river at two important station named 

Siliguri and Maida (English Bazar).Only DO, BOD, COD and pH were taken into 

account as major water quality parameters. 

3.5 Selected water quality parameters of Mahananda river: 

A. Dissolved Oxygen 

Fish and other aquatic animals depend on dissolved oxygen (the oxygen present in water) 

to live. The amount of dissolved oxygen in streams is· dependent on the water 

temperature, the quantity of sediment in the stream, the amount of oxygen taken out of 

the system by respiring and decaying organisms, and the amount of oxygen put back into 

the system by photosynthesizing plants, stream flow, and aeration. Dissolved oxygen is 

measured in milligrams per liter (mg/1) or parts per million (ppm). The temperature of 

stream water influences the amount of dissolved oxygen present; less oxygen dissolves in 

warm water than cold water. For this reason, there is cause for concern for streams with 

warm water. 

Dissolved oxygen (DO) concentrations in streams and reservoirs are influenced by 

several factors. Among these are 

• water temperature that affects the solubility of oxygen 

• oxygen production via photosynthetic activity (primarily by algae) 

• oxygen depletion via respiration 

• the time of day the sample is collected 

• reaction rates (affected by turbulence, temperature, ice cover, exposed water surface 

area, and stratifi~ation) 

Because each of these factors is important in determining dissolved oxygen 

concentrations, this important parameter is particularly difficult to interpret. But of more 

importance than the concentration of dissolved oxygen is the percentage of saturation. 

According to Davis and Cornwell (1991) the depletion of DO and the effect of aeration 
can be 
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described as: d ( ° C) = kt L- ka (OC) 
dt 

where: 

OC= the change in oxygen concentration per unit time 
[mg L-1

], 

L =total oxygen consumption [mg L-1
] =ultimate OC, 

kt =deoxygenation coefficient constant [dai1
], 

ka =aeration coefficient [day-1
] derived from the method of DO determination by stirring 

the sample when using a probe to take DO measurements and, 

t =time [day]. 

DO and Water quality table: 

DO Concentration Mg/L River water quality River Ecosystem 
High 7-11 Excellent Healthy 
Medium 4-7 Good Borderline healthy 
Low 2-4 Poor Unhealthy 
Very Low 0-2 Very Poor Won't support life 

Table:3.1 

B. Biochemical Oxygen Demand (BOD) 

Biochemical oxygen demand (BOD) determinations measure the amount of oxygen that 

decomposing organisms require utilizing carbonaceous compounds under aerobic 

conditions. The BOD test is one of the important measurements to know the pollution 

strength of wastewater. It is basically a bioassay that measures the oxygen consumed by 

bacteria while utilizing the organic matter present in the sample. A quantifiable 

relationship exists between the amount of oxygen required to convert the organic matter 

to the end products of carbon dioxide, water, and ammonia. If we introduce an amount of 

organic matter into some water and monitor its decomposition, we would observe that the 

amount of organic material remaining would decrease exponentially with time. The 

amount of BOD which remains after some period of time is proportional to the remaining 

organic material. 

Natural organic detritus and organic waste from waste water treatment plants, failing 

septic systems, and agricultural and urban runoff, acts as a food source for water-borne 
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bacteria. Bacteria decompose these organic materials using dissolved oxygen, thus 

reducing the DO present for fish. Biochemical oxygen demand (BOD) is a measure of the 

amount of oxygen that bacteria will consume while decomposing organic matter under 

aerobic conditions. Biochemical oxygen demand is determined by incubating a sealed 

sample of water for five days and measuring the loss of oxygen from the beginning to the 

end of the test. Samples often must be diluted prior to incubation or the bacteria will 

deplete all of the oxygen in the bottle before the test is complete. The main focus of 

wastewater treatment plants is to reduce the BOD in the effluent discharged to natural 

waters. Wastewater treatment plants are designed to function as bacteria farms, where 

bacteria are fed oxygen and organic waste. The excess bacteria grown in the system are 

removed as sludge, and this "solid" waste is then disposed of on land. Chemical oxygen 

demand (COD) does not differentiate between biologically available and inert organic 

matter, and it is a measure of the total quantity of oxygen required to oxidize all organic 

material into carbon dioxide and water. COD values are always greater than BOD values, 

but COD measurements can be made in a few hours while BOD measurements take five 

days. 

If effluent with high BOD levels is discharged into a stream or river, it will accelerate 

bacterial growth in the river and consume the oxygen levels in the river. The oxygen may 

diminish to levels that are lethal for most fish and many aquatic. insects. As the river re

aerates due to atmospheric mixing and as algal photosynthesis adds oxygen to the water, 

the oxygen levels will slowly increase downstream. The drop .and rise in DO levels 

downstream from a source of BOD is called the DO sag curve. 

C. CHEMICAL OXYGEN DEMAND (COD) 

COD is a measure of the oxidation of reduced chemicals in water . It is commonly used 

to indirectly measure the amount of organic compounds in water. The measure of COD 

determines the quantities of organic matter found in water. This makes COD useful as an 

indicator of organic pollution in surface water. 

It does not differentiate between biologically available and inert organic matter, and it is 

a measure of the total quantity of oxygen required to oxidize all organic material into 

carbon dioxide and water. COD values are always greater than BOD values, but COD 

measurements can be made in a few hours while BOD measurements take five days. 
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COD test is used to measure the content of organic matter of both wastewater and natural 

waters. The oxygen equivalent of the organic matter that can be oxidized is measured by 

using a strong chemical oxidizing agent in an acidic medium. Potassium dichromate has 

been found to be excellent chemical for this purpose. The test is required to be performed 

at the elevated temperature. A catalyst silver sulfate is used to break long chain 

compounds into simple fragments. 

The COD of the waste is higher than the BOD because more compounds can be 

chemically oxidized than can be oxidized biologically. 

D. pH 

pH indicates the acidity or alkalinity of any sample and it is a measure of the amount of 

free hydrogen ions in water. Specifically, it is defined as negative logarithm of the molar 

concentration of hydrogen ions. 

pH= -logw [H+] 

pH is measured on a logarithmic scale, an increase of one unit indicates an increase of ten 

times the amount of hydrogen ions. A pH of 7 is considered to be neutral. It is an 

indicator of acidification and is often used in the general characterization of water quality 

Acidity increases as pH values decrease, and alkalinity increases as pH values increase. 

Such changes in pH affect stream water chemistry. 

To construct mathematical model and statistical analysis the major water quality 

parameters viz BOD, COD, DO are being considered. 

3.6 STATISTICAL ANALYSIS OF WATER QUALITY 

The use ofstatistical techniques in aquatic environmental monitoring is a relatively new 

subject. Statistical tests are currently considered invaluable in the design and analysis of 

the results of monitoring programmes. Routine water quality monitoring programmes 

often serve many purposes, but are primarily aimed at assessing the environmental state 

of water and detecting trends. Often, monitoring programmes produce a wealth of long 

term time series data. Statistical tests are the principal means used in the analysis of these 

time series data to arrive at a deeper understanding of the causal mechanisms that 

generated it. 
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3.6.1 Arithmetic Mean: 

Arithmetic mean is commonly called as average. Mean or Average is defined as the 

sum of all the given elements divided by the total number of elements. 

Formula: 

Mean = sum of elements I number of elements 

3.6.2 Standard Deviation: 

Standard deviation is a statistical measure of spread or variability. The standard 

deviation is the root mean square (RMS) deviation of the values from their arithmetic 

mean. 

Formula: 

S= 
L(X-M)~ 

n-1. 

3.6.3Variance: 

The variance is the square of the standard deviation and it is a measure of the degree 

of spread among a set of values; a measure of the tendency of individual values to vary 

from the mean value. 

Variance = s2 
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Table 3.1: Statistical Analysis of water quality parameters of River Mahananda at 
Siliguri during 2005-2006 

Parameters DO BOD COD 

Season Dry Monsoon Dry Monsoon Dry Monsoon 

Mean 3.83 6.92 4.43 2.72 27.07 30.83 

Standard 
Deviation 1.42 2.04 3.09 1.31 7.68 8.87 

(SD) 

Variance 2.01 4.16 9.56 1.72 58.92 78.68 

Min 1.40 2.03 1.33 0.90 24.43 13.01 

Max 5.77 8.36 6.13 3.60 40.72 30.24 

All units are at mg/L and 26°C 
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Table 3.2: Statistical Analysis of water quality parameters of River Mahananda at 
Maida during 2005-2006 

Parameters DO BOD COD 

Season Dry Monsoon Dry Monsoon Dry Monsoon 

Mean 4.92 8.22 1.197 1.43 17.85 27.12 

S.D 1.05 2.44 0.81 0.69 10.22 11.62 

Variance 1.11 5.94 0.66 0.48 104.59 135.09 

Min 3.10 5.10 0.36 0.73 10.90 19.97 

Max 6.50 10.97 3.26 2.27 22.80 51.58 

All units are at mg/L and 26°C 
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3.6.4 Calculation of Correlation Coefficient (r) of selected Parameters: 

Definition of Karl-Pearson's Correlation Co-efficient: 

A measure of the strength of linear association between two variables which states that 

wheather the variables under study move in the same direction or in reverse direction .. 

Correlation will always between -1.0 and + 1.0. If the correlation is positive, we have a 

positive relationship between two variables if it is negative, then the relationship is 

negative. Actually correlation analysis helps in discussing the relationship i.e covariation 

between two variables. 

Formula: 

Correlation Co-efficient : 

Correlation(r) = NLXY- (LX)(LY) I Sqrt([NLX2
- (LX)2][NLY2

- (LY)2
]) 

where 

N = Number of values or elements 

X= First Score 

Y = Second Score 

LXY = Sum of the product of first and Second Scores 

LX = Sum of First Scores 

LY = Sum of Second Scores 

LX2 = Sum of square First Scores 

LY2 = Sum of square Second Scores 
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Between BOD and COD: 

Place SILIGURI 
Value of Sampling points 

Correlation A B 
Coefficient(r) 

0.7428 0.8343 

Between DO and BOD: 

Place SILIGURI 
Value of Sampling points 

Correlation A B 
Coefficient(r) 

0.7159 0.9916 

)Jetween DO and COD: 

Place SILIGURI 
Value of Sampling points 

Correlation A B 
Coefficient(r) 

0.7862 0.8978 

MALDA(English Bazar) 
Samplin~ points 

c A B c 

0.7270 0.3534 0.9957 0.2841 

MALDA(English Bazar) 
Sampling points 

c A B c 

0.7379 0.8330 0.1671 0.9173 

MALDA(English Bazar) 
Sampling points 

c A B c 

0.9610 0.0315 0.1416 0.0293 
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3.6.5 Regression Analysis: 

3.6.5.1 :Definition: 

The term 'regression' was first used by a British Biometrician Sir Francis Galton 

(1822-1911). 'Regression' stands for some sort of functional relationship between two or 

more related variables. The only fundamental difference, if any, between the problems of 

curve fitting and regression is that in regression, any of the variables may be considered 

as independent or dependent while in curve fitting, one variable cannot be dependent. 

Actually a regression is a statistical analysis assessing the association between two 

variables which is used to find the relationship between two variables and it measures the 

nature and extent of correlation. Also regression is the estimation or prediction of 

unknown values of one variable from known values of another variable. 

3.6.5.2 Linear regression lines: 

Simple linear regression is an important and commonly used parametric method for 

identifying monotonic trend in a time series model . It is used to describe the relationship 

between one variable with another or other variables of interest. It is often performed to 

obtain the slope coefficient of a water quality variable on time. The slope coefficient is 

tested under the null hypothesis that it is equal to zero. Regression has the advantage that 

it provides a measure of significance based on the hypothesis test on the slope or 

correlation coefficient; and also gives the magnitude of the rate of change. 

The regression is called linear when the points of the scatter diagram concentrate round a 

straight line and this straight line is known as the line of regression which gives the best 

fit in the least square sense to the given frequency. In case of n pairs (xi, yi); i = 1,2, ... ,n 

from a bivariate data then there is no reason or justification to assume y as dependent 

variable and x as independent variable. Either of the two may be estimated for the given 

values of the other. Thus it is desired to estimate y for given values of x, then the 

regression equation of the form y = a + bx, called the regression line of y on x. To 

estimate x for given values of y, then the regression line of the form x= A+ By, called the 

regression line of x on y. Thus it implies, in general, there are two lines of regression. In 

regression analysis the independent variable is called predictor or regresser or 
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explanatory and the dependent variable is called the predictant or regressed or explained 

variable. 

The regression line of y on x can be written as Y - Y = b yx (X - X) 

- aY 
Where X and y are the mean values and b yx - T a where r is the coefficient of 

X 

correlation and ax and aY are the standard deviations of x and y respectively. 

It can also be derived the regression line of x on y as X - X = b xy ( Y - Y) where bxy is 

the regression coefficient of x on y and is given by b xy 

have their usual meanings. 

3.6.5.3 Regression Formula: 

Regression Equation(y) = a+ bx 

Slope(b) = (NLXY- (LX)(LY)) I (NLX2
- (LXi) 

Intercept( a) = (LY - b(LX)) IN 

where 

x and y are the variables. 

b = The slope of the regression line 

(J'x 

r a where the terms 
y 

a = The intercept point of the regression line and the y axis. 

N =Number of values or elements 

X = First Score 

Y = Second Score 

LXY = Sum of the product of first and Second Scores 

LX = Sum of First Scores 

LY = Sum of Second Scores 

LX2 =Sum of square First Scores 
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In the field of environmental preservation and planning especially the projection of water 

pollution scenario of river is of great use. 

3.6.5.4 Linear regression lines between DO and BOD: 

If X is taken as DO and Y is taken BOD value at Siliguri then the regression line is 

(Table 3.3) 

Location A : Y = 0.14X+l.02 

Location B Y = 0.13X+ 1.68 

Location C Y = 0.29X+l.30 

If X is taken as DO and Y is taken BOD value at Maida then the regression line is (Table 

3.4) 

Location A : Y = 0.12 X+ 0.72 

Location B : Y = 0.15X + 1.09 

Location C : Y = 0.14 X+ 0.73 

3.6.5.5 Linear regression lines between DO and COD: 

If X is taken as DO and Y is taken COD value at Siliguri then the regression line is 

(Table 3.3) 

Location A : Y = 2.78X+ 11.46 

Location B Y = 3.32X+10.55 

Location C Y = 3.92X+12.84 
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If X is taken as DO and Y is taken COD value at Maida then the regression line is (Table 

3.4) 

Location A : Y = 1.82 X+ 12.98 

Location B Y = 1.80 X+ 12.84 

Location C Y = 1.94 X+ 14.04 

3.6.5.6 Linear regression lines between BOD and COD: 

If X is taken as BOD and Y is taken COD value at Siliguri then the regression line is 

(Table 3.3) 

Location A Y=5.58X+19.08 

Location B : Y=5.83X+20.80 

Location C : Y=7.46X+12.61 

If X is taken as BOD and Y is taken CQD value at Maida then the regression line are as 

follows (ref.Table 3.4) 

LocationA : Y=10.11X+13.76 

LocationB Y=7.95X+11.14 

Location C Y=9.97X+15.72 
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3.6.6 'C' Program to fit a regression line between DO & BOD; DO & 

COD ; BOD & COD values: 

3.6.6.1 Algorithm for linear regression: 

1. Read n 

2. sumx ~o 

3. sumxsq ~ 0 

4. sum y~ 0 

5. sumxy ~o 

6. for i = 1 to n do 

7. Read x, y 

8. sum x ~ sum x + x 

9. sum xsq ~sum xsq +x2 

10. sum y ~ sum y + y 

11.sum xy ~ sum xy + x y 

end for 

12.denom ~ n x sum x sq- sum x xsum x 

13.a~ (sum y x sum x sq-sum x x sumxy)/denom 

14.b~(n x sum xy-sumx x sum y)/denom 

15.write b,a 

16.stop 
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3.6.6.2 Program: 

/* PROGRAM TO IMPLEMENT LEAST SQUARE FIT OF A REGRESSION LINE 

OFYONX*/ 

#include<stdio.h> 

# include<conio.h> 

# include<math.h> 

void main() 

{ 

int data,i; 

float x[lO] , y[lO], xy[lO],x2[10],z; 

float suml=O.O, sum2=0.0, sum3=0.0, sum4=0.0; 

clrscr ( ); 

printf("ENTER THE NUMBER OF DATA POINTS:"); 

scanf("%d" ,&data); 

for (i= 1 ;i<data;i++) 

{ 

printf("VALUE OF x%d:",i+ 1); 

scanf("%f' ,&x[i]); 

} 

printf("\n ENTER THE VALUE OF f(x):\n"); 

for(i=O; i<data;i++) 

{ 

printf("Value of f(x%d):",i+ 1); 

scanf("%f' ,&y[i]); 

} 

For(i=O;i<data;i++) 

xy[i]=x[i]*y[i]; 
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x2[i]=x[i]*x[i]; 

suml +=xy[i]; 

sum2 +=x2[i]; 

sum3 +=x[i]; 

sum4 +=y[i]; 

sum3 =sum3 /2; 

sum4=sum4 /2; 

//printf("%.2f %.2f %.2f' suml,sum2,sum3,sum4); 

suml=(suml/sum2); 

z=(suml *sum3)-sum4; 

printf("\t\t\t y=%.2f *x-(%.2f)",suml,z); 

getche( ); 
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3.7 Graphical models of DO, BOD and COD at different sampling 
stations: 

A. River Mahananda around Siliguri (Last four year data) 

Year Location pH DO COD BOD 

A 6.52 7.47 52.47 1.53 

2001-2002 B 6.48 6.45 44.25 1.79 

c 6.49 5.50 43.33 2.83 

A 6.48 7.37 23.43 2.55 

2002-2003 B 6.33 6.19 30.64 2.59 

c 6.69 4.62 20.38 2.36 

A 6.43 6.64 21.50 1.43 

2004-2005 B 6.30 6.11 19.67 2.36 

c 6.87 3.83 18.48 2.04 

A 6.50 6.36 20.79 2.20 

2005-2006 B 6.31 4.45 20.78 2.76 

c 7.17 3.08 27.90 2.30 

A= Sample site at Champasari Road bridge. 
B= Sample site near Mahananda Road bridge on Hili Cart Road 
C= Sample site at Mahananda Barrage (Fulbari). 

DO,COD &BOD (26uC) in mg!L 

Table-3.3 
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DO variation at Location B of SILIGURI 
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Figure-3.7 (DO unit is mg/L) 
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DO variation at location C of SILIGURI 
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Figure-3.8 (DO unit is mg/L) 
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Figure-3 .14 
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B.River Mahananda around English Bazar, Malda (Last four year 
data) 

Year Location pH DO COD BOD 

A 6.06 6.70 43.08 1.58 

2001- B 6.28 6.05 37.00 3.16 
2002 

c 6.38 6.52 43.19 1.67 

A 6.75 7.25 17.03 1.71 

2002-
B 6.82 6.92 22.65 1.81 2003 

c 6.80 7.40 19.48 1.87 

A 6.50 5.98 17.54 1.13 

2004- B 6.50 5.82 15.19 1.27 
2005 

c 6:90 5.86 '17.83 1.05 

A 6.65 6.94 17.83 1.34 

2005- B 6.79 6.69 17.42 1.55 
2006 

c 7.08 6.63 22.24 1.68 

A= Sample site at Mokadipur, Old Maida (Up Stream). 
B= Sample site near Mission Ghat (Middle Stream) 
C= Sample site at Raipur Ghat 

DO,COD &BOD (26°C) in mg/L 

Table 3.4 

113 



DO variation at A of E.Bazar(Malda) 

8 

:::r6 
........ 
C') 

E 4 .._. I-+- Series 1 I 
0 
c 2 

0 

2001- 2002- 2004- 2005-
02 03 05 06 

Year 

Figure-3.15 
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Figure-3.16 (DO unit is mg/L) 
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Figure-3.18 (BOD unit is mg/L) 
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Figure-3.19 (BOD unit is mg/L) 
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Figure-3.20 (BOD unit is mg/L) 
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Figure-3.21 (COD unit is mg/L) 
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COD variation at B of E.Bazar(Malda) 
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Figure-3.22 (COD unit is mg/L) 

121 



--~-r , . -
COD at C of E.Bazar{Malda) 

50 

c 40 
30 0 

0 20 ~ ~--+--- Series11 4z 
10 

0 
·~ 

2001- 2002- 2004- 2005-
02 03 05 06 

Year 

-::; 
----,::- Figure-3.23 (COD unit is mg/L) 

·\._ 

'--+ 

122 



3.8 Biochemical Oxygen Demand (BOD) and its modeling as a First

Order Reaction (FOR): 

Biochemical oxygen demand (BOD) determinations measure the amount of oxygen that 

decomposing organisms require utilizing carbonaceous compounds under aerobic 

conditions. 

The initial value of BOD will be the total oxygen requirement to oxidize the organic 

material. The quantity is called the ultimate BOD or BODL or L0 • It is assumed that the 

rate of decomposition of organic wastes is proportional to the amount of waste available. 

If 4 represents the amount of oxygen demand left after time t, then, assuming first order 

reaction, we can write 

dLr = -K L 
d t d t -------------------------------------------------------3.1 

where l«J = BOD rate constant I time which indicates the rate of biodegradation of wastes 

or oxygen consumption rate and it depends upon the nature of waste, bacterial population 

and temperature of water. 

Now the solution of the above equation is Lt=Lo exp(-l«J.t) --------------3.2 

Where Lo =ultimate carbonaceous oxygen demand. 

ultimate carbonaceous oxygen demand is the sum of the amount of oxygen consumed by 

the waste in the first t days i.e (BOD)t, plus the amount of oxygen remaining to be 

consumed after time t, i.e 

------------------------------------------------------3.3 

From 2 and 3 the following result i.e equation (3.4) is obtainable 

(BOD)t= L0 (1- exp( -l«J.t)) 
... 
" 

-----------------------------------------------3.~ 
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The above results can be presented graphically as shown below: 

Lo 

time {days}--)

(a) 

fig.l.2 

Lo 

fig 1.3 
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