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Abstract Statistical analysis of water quality parameters
were analyzed at Harike Lake on the confluence of Beas and
Sutlej rivers of Punjab (India). Mean, median, mode, stan-
dard deviation, kurtosis, skewness, coefficient of variation,
regression lines, correlation coefficient, Hurst exponent,
fractal dimension and predictability index were estimated for
each water parameter. Monthly variation of water quality
index using month-wise and parameter-wise value of quality
rating and actual value present in water sample was calcu-
lated and compared with World Health Organization/
Environmental Protection Agency standard value of these
parameters. It was observed that Brownian time series
behavior exists of potential of hydrogen with total dissolved
solids, hardness, alkalinity, sulfate, chloride and conduc-
tance parameters; biochemical oxygen demand with total
dissolved solids, hardness, alkalinity, sulfate, chloride,
conductance and calcium parameters; dissolved oxygen with
total dissolved solids, hardness, alkalinity, sulfate, chloride,
conductance and calcium parameters; ferrous with total
dissolved solids, hardness, alkalinity, sulfate, conductance
and calcium parameters; chromium with total dissolved
solids, hardness, alkalinity, sulfate, chloride, conductance
and zinc parameters; zinc with total dissolved solids, hard-
ness, sulfate, chloride, conductance and calcium parameters;
fluoride with total dissolved solids, hardness, alkalinity,
sulfate, chloride and conductance parameters; nitrate with
total dissolved solids, sulfate and conductance parameters;
nitrite with potential of hydrogen, total dissolved solids,
hardness, alkalinity, sulfate, chloride, conductance and
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calcium parameters. Also, using water quality index, it was
observed that water of the lake was severely contaminated
and became unfit for drinking and industrial use.
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Introduction

Rivers are most important resources of water. Water is a
valuable natural resource and natural water always contains
dissolved and suspended substances of organic and mineral
origin (Prasad and Narayana 2004). Sutlej and Beas rivers
reach Harike Lake (Punjab, India) after crossing many
states of India and effluents from different cities, towns and
villages get mixed and make the river water polluted. Pol-
lution in river water is continuously increasing due to
urbanization, industrialization, etc. Many rivers are dying
due to pollution which is an alarming signal (Jain et al.
2005; Phiri et al. 2005; Parmar et al. 2009). Water quality
parameters and the effects of trace metals from industrial
wastes, municipal sewage and agricultural runoff on river
water quality have been investigated (Alam et al. 2007,
Akoto and Adiyiah 2007). The analysis of the simultaneous
effect of water pollution and eutrophication on the con-
centration of dissolved oxygen (DO) in a water body shows
that the decrease in the concentration of DO is much more
than when only a single effect is present on the water body,
thus leading to more uncertainty about the survival of DO-
dependent species (Shukla et al. 2008). Water quality index
(WQI) technique provides a single number that expresses
the overall water quality at a certain location and time,
based on several water quality parameters (Kumar and Dua
2009). Qualitative analysis and World Health Organization/
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Environmental Protection Agency (WHO/EPA) water
quality standards (WHO (1971) are used for calculating
water quality indices.

Treatment of domestic wastewater using laboratory-scale
hybrid upflow anaerobic sludge blanket (HUASB) reactor
reduced the treatment cost significantly (Banu et al. 2007).
The oxidation treatment system constructed under the riv-
erbed of Nan-men Stream located at the Shin Chu City of
Taiwan has been modeled such that it has significant effi-
ciency (Juang et al. 2008). Trihalomethane compounds were
determined in the drinking water samples that were collected
from the selected consumption sites and treatment plants of
both Okinawa and Samoa islands and it was observed that the
chloroform and bromodichloromethane compound excee-
ded the level of Japan water quality and WHO standards (Imo
et al. 2007). Water quality of watersheds is studied using
hydrochemical data that mingle multiple linear regression
and structural equation modeling (Chenini and Khemiri
2009; Chenini et al. 2008; Mousavi et al. 2008). Regression
equations can be used to estimate constituent concentrations.
Constituent concentrations can be used by water-quality
managers for comparison of current water-quality conditions
to water-quality standards. Examination of stream flow and
physical properties of water that act as surrogates for con-
stituents of interest also helps in the collection of water-
quality samples (Vassilis et al. 2001; Psargaonkar et al. 2008;
Joarder et al. 2008; Carlson and Ecker 2002; Korashey
2009). The statistical regression analysis of underground
drinking water obtain from IM, hand pumps at Moradabad,
India was studied and observed that drinking water quality
could be checked effectively by controlling the conductivity
of water (Sinha and Kumar 2010).

The dispersion coefficient represents the rate of pollution
and is an important parameter for air or water pollution
modeling. In general, two- or one-dimensional dispersion
coefficients are required for modeling. Fuzzy logic model
based on Mamdani approach was developed to estimate the
flow for poorly gauged mountainous basins. The stream
and time coefficients were used as variables for modeling.
The data were divided into training and testing phases. The
model results were compared with the measured data. The
comparison depends on seven statistical characteristics, four
different error modes and the contour map method. Thus, the
fuzzy model provides more accurate and reliable results
(Toprak 2009; Toprak et al. 2004, 2009; Toprak and Savci
2007; Aksoy et al. 2004; Toprak and Cigizoglu 2008).

The Indian climate dynamics was studied using fractal
dimensional analysis and analyzed time series data of three
major dynamic components, i.e., temperature, pressure and
precipitation. It has been observed that regional climate
models would not be able to predict local climate as these
deal with averaged quantities and the precipitation during
the southwest monsoon is affected by temperature and
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pressure variability during the preceding winter. Time
series can be modeled by a stochastic process possessing
long range correlation (Rangarajan and Sant 2004; Rang-
arajan and Ding 2000; Movahed and Hermanisc 2008;
Kahya and Kalayci 2004). Hurst parameter for long range-
dependent processes using wavelet technique provides the
asymptotic linear relationship of the basis for construction
of an estimator (Park and Park 2009).

In this study, statistical analysis, regression equations,
Hurst exponent, fractal dimension, predictability index and
water quality index of water parameters were estimated at
the confluence of Sutlej and Beas rivers at Harike Lake,
Punjab. The river map of India is shown in Fig. 1.

Methodology
Chemical analysis

The water samples were collected from Harike Lake (on
the confluence of Sutlej and Beas rivers) once in a month
for a year. These samples were collected in 2-L bottles,
properly rinsed with 8 mL of HNO; and followed by
repeated washing with distilled water. Using the standard
methods and procedures of sampling and estimation as
prescribed in APHA (1995), the 16 water quality physico-
chemical parameters including 6 cations, 5 anions besides
dissolved oxide (DO), biochemical oxygen demand (BOD),
total dissolved solids (TDS), potential of hydrogen (pH)
and conductivity were measured.

Water quality index (WQI)
The quality rating Q,, is defined as:

0, = 100 {V" - v’] (1)

Vs — Vi

where v, is the actual value of each water parameter
present in the water sample. v; is the ideal value of each
water parameter (0 for all parameters except for pH and
DO whichare 7.0 mg/LL. and 14.6 mg/L, respectively).
vy = recommended WHO/EPA standard of each parameter
(Parmar et al. 2009).

Unit weights W,, for each water parameter are inversely
proportional to S, (water quality standard adopted world-
wide as prescribed by WHO/EPA). i.e.,

k

Wn =<
Sn

where k is a constant of proportionality. Let

16
> W, =1 (2)
n=1

and sub-indices (SI) be given by
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Fig. 1 Confluence of Sutlej and Beas rivers at Harike Lake (Punjab)
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The overall WQI is defined (by taking geometric mean of
sub indices) as:

16 16
WQI = H (SI), = H ()"
n=1 n=1
16
= antilog,, Z Wy logo On (3)
n=1

In order to assess the extent of contamination or the
quality of drinking water, the following assumptions are
made:

WQI < 50: fit for consumption.

50 < WQI < 80: moderately contaminated.

80 < WQI < 100: excessively contaminated.

WQI > 100: severely contaminated (Kumar and Dua
2009).

Statistical analysis

Statistical analysis is used to calculate mean, median,
mode, standard deviation, kurtosis, skewness and coeffi-
cient of variation. Mean explains the average value. Med-
ian gives the middle values of an ordered sequence or
positional average. Mode is defined as the value which
occurs the maximum number of times that has the maxi-
mum frequency. Standard deviation gives the measure of
“spread” or “variability” of the sample. Kurtosis refers to
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the degree of flatness or peakedness in the region about the
mode of a frequency curve. Skewness describes the sym-
metry of data. Coefficient of variation gives the relative
measure of the sample (Rangarajan 1997).

Regression analysis

It is a technique used for modeling and analyzing the
variables present in a sample. Regression analysis helps in
understanding the variation in value of the dependent
variable as independent variables are varied, while the
other independent variables are held fixed. Regression line
of Y (dependent variable) on X (independent variable) is
defined as

Y=b,X+C 4)
(Chenini and Khemiri 2009) where C is a constant of
integration,

%

(5)

by, = regression coefficient = r x
O-X

r = Correlation coefficient
E(XY) — E(X)E(Y)

\/ (E(XZ) - E(X)z) (E(YZ) - E(Y)z)

~cov(X,Y)
o OxO0y

(6)

oy, gx are standard deviation of variables Y and X,
respectively, and E(X), E(Y), E(XY) are the expected value
of variables X,Y and XY, respectively.
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Hurst exponent (H)

It refers to the index of dependence. It quantifies the rel-
ative tendency of a time series either to regress strongly to
the mean or to cluster in a direction. The value of the Hurst
exponent ranges between 0 and 1. A value of 0.5 indicates
a true random walk (a Brownian time series). In a random
walk, there is no correlation between any element and a
future element. A Hurst exponent value H, 0.5 <H < 1
indicates “persistent behavior” (a positive autocorrelation).
If there is an increase from time step #;,_; to f;, there will
probably be an increase from ¢; to #;, ;. The same is true of
decreases, where a decrease will tend to follow a decrease.
A Hurst exponent value, H 0 < H < 0.5, will exist for a
time series with “anti-persistent behavior” (or negative
autocorrelation). Here, an increase will tend to be followed
by a decrease or decrease will be followed by an increase.
This behavior is sometimes called “mean reversion”.

by —1

H=
2

(7)

(Rangarajan and Sant 2004). Also, Hurst exponent can
be calculated using power law decay

p(k) = Ck™@

(Rangarajan and Ding 2000) where C is a constant and p (k)
is the autocorrelation function with lag k. The Hurst exponent
is related to the exponent alpha in the equation by the relation

H=1-2
2

Fractal dimension (D)

It is a statistical quantity that gives an indication of how
completely a fractal appears to fill space, as one zooms
down to finer and finer scales.

D=2-H (8)
(Rangarajan and Sant 2004).
Also, fractal dimension is calculated from the Haussdorf

dimension. The Haussdorf dimension, Dy, in a metric
space is defined as

1 3
Dy = —tim PN
e—0 In ¢

where N(¢) is the number of open balls of a radius ¢ needed
to cover the entire set. An open ball with center P and
radius ¢ in a metric space with metric d is defined as a set of
all points x such that d (P,x) < .

Predictability index (PI)

It describes the behavior of the time series
PI =2|D — 1.5 9)
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(Rangarajan 1997). PI value increases when D value
becomes less than or greater than 1.5. In the former case,
persistence behavior is observed, while in the latter, an
anti-persistence. If one of these indices comes close to O,
then the corresponding process approximates the Brownian
motion and is therefore unpredictable.

Results and discussion

Using Egs. (1) and (2), the estimated quality rating Q,,
actual value (v,) along with WHO/EPA standards (v;) and
assigned unit weights (W,) of 16 physico-chemical
parameters are calculated and shown in Table 1. Using Eq.
(3), the monthly value of water quality index (WQI) was
calculated and shown in Table 2. Using values from
Table 2, graphs are plotted as in Fig. 2. It was observed
that WQI calculated values were exceptionally high com-
pared with the prescribed limits. Due to heavy rainfall
during July, August, September, December and January,
dilution occurs in lake water and a minimum value of WQI
is observed in rainy months. In the months from July to
September, rains occur due to monsoons, but in winter
(December—February) rains occur due to typhoons from the
Persian Gulf. In the summer season, due to high tempera-
ture (up to 46 °C), high rate of evaporation takes place and
the concentration of contaminants increases during this
season. In general, it was observed that lake water was
severely contaminated and became unfit for drinking and
industrial use.

Table 3 shows the mean, median, mode, standard
deviation, skewness, kurtosis and coefficient of variation of
the 16 water quality parameters at Harike Lake, which is
also plotted in Fig. 3. Using Egs. (4, 9), regression equa-
tions, coefficient of correlation, Hurst exponent, fractal
dimension and predictability index value of water para-
meters at Harike Lake were calculated and shown in
Table 4. From Tables 3 and 4, the following results were
observed.

pH

Average value, positional average and mode of pH were
8.37, 8.375 and 8.383, respectively. These values are
approximate to 8.37; thus, the data indicate normal
behavior. Standard deviation (SD) is 0.121 and skewness
is approximate to 0, thus pH is symmetrical and values
are very close to each other. The curve is platykurtic, as
kurtosis is less than 3. pH shows Brownian time series
(true random walk) behavior with TDS, hardness, alka-
linity, sulfate, chloride and conductance parameters,
persistent behavior with BOD, DO, chromium (Cr)
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Table 1 Month-wise and parameter-wise values of v, and Q, with WHO/EPA standards v, in mg/L and assigned unit weights of water

parameters at Harike Lake

Parameters Months vy (mg/L)  Q, Parameters Months v, (mg/L) O,
(mg/L) (mg/L)
pH April 8.3 130 DO April 9.45 53.64
WHO/EPA Standard vy May 8.3 130 WHO/EPA Standard vy = 5 May 9.6 52.083
= 8.00 June 8.4 140 Assigned unit weight June 95 53.125
Assigned unit weight July 8.4 140 (W,) = 0.008219 July 94 54.166
(W) = 00051373 August 8.2 120 August 9.64 51.66
September 8.2 120 September 9.3 55.2
October 8.3 130 October 9.1 57.29
November 8.5 150 November 9.15 56.77
December 8.6 160 December 9.25 55.72
January 8.5 150 January 9.2 56.25
February 8.4 140 February 9.31 55.2
March 8.35 135 March 9.35 54.68
TDS April 300 60 Ca April 28.12 28.12
WHO/EPA Standard vy = 500  May 460 92 WHO/EPA Standard vy = 100  May 34.64 34.64
Assigned unit weight June 550 110 Assigned unit weight June 32.16 32.16
(W,) = 0.0000822 July 580 116 (W,)) = 0.0004099 July 31.43 31.43
August 412 82.4 August 21.3 21.3
September 320 64 September  22.64 22.64
October 380 76 October 24.03 24.03
November 520 104 November  33.64 33.64
December 530 106 December  30.23 30.23
January 510 102 January 33.43 33.43
February 456 91.2 February 35.09 35.09
March 330 66 March 26 26
Hardness April 180 180 Fe April 0.7 140
WHO/EPA Standard vy = 100  May 197 197 WHO/EPA Standard vy = 0.5 May 0.32 64
Assigned unit weight June 206 206 Assigned unit weight June 0.28 56
(W,) = 0.0004099 July 210 210 (W,) = 0.082198 July 0.06 12
August 188 188 August 0.2 40
September 165 165 September 0.1 20
October 170 170 October 0.12 24
November 170 170 November 1.1 220
December 240 240 December 1.16 232
January 240 240 January 1.05 210
February 220 220 February 0.8 160
March 190 190 March 0.6 120
Alkalinity April 90 90 Cr April 0.5 1,000
WHO/EPA Standard vy, = 100 May 70 70 WHO/EPA Standard May 0.76 1,520
Assigned unit weight June 102 102 vs = 0.05 June 0.95 1,900
(Wn) = 0.0004099 July 110 110 Assigned unit weight July 0.55 1’ 100
(W,) = 0.82198
August 86.66 86.66 August 0.29 580
September 90 90 September 0.42 840
October 100 100 October 09 1,800
November 125 125 November 0.4 800
December 120 120 December 0.17 340
January 110 110 January 0.49 980
February 106 106 February 0.61 1,220
March 100 100 March 0.81 1,620
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Table 1 continued

Parameters Months v, (mg/L)  Q, Parameters Months v, (mg/L)  Q,
(mg/L) (mg/L)
Sulfate April 461.4 230.73  Zn April 2.8 56
WHO/EPA Standard vy = 200  May 561.4 280.7 WHO/EPA Standard vy = 5 May 4 80
Assigned unit weight June 621.2 310.65  Assigned unit June 2.6 52
(W,) = 0.0002054 July 576.8 288 4 weight(W,)) = 0.00082198 July 2 40
August 407.3 203.65 August 4.1 82
September  360.9 180.45 September 2.2 44
October 462.7 231.35 October 2.5 50
November  668.7 334.35 November 2.7 54
December  678.7 339.35 December 2.5 50
January 660.7 330.35 January 2.5 50
February 500 250 February 2.6 52
March 550 225 March 2.7 54
Chloride April 30.5 15.25 Fl April 1.4 93.33
WHO/EPA Standard vy, = 200 May 30 15 WHO/EPA Standard vy = 1.5 May 1.63 108.66
Assigned unit weight June 36.6 18.3 Assigned unit weight June 1.72 114.66
(W,) = 0.0002054 July 35 175 (W,) = 0.027399 July 17 113.33
August 30.8 15.4 August 1.18 78.66
September 26 13 September 0.74 49.33
October 27 13.5 October 1.28 85.33
November 35 17.5 November 1.18 78.66
December 45 22.5 December 1.12 74.66
January 55 27.5 January 1.05 70
February 45 22.5 February 1.2 80
March 30 15 March 1.3 86.66
Conductance April 225 56.25 Nitrate April 4.27 42.7
WHO/EPA Standard vy = 400  May 385 96.25 WHO/EPA Standard v = 10  May 4.5 45
Assigned unit weight June 397 99.25 Assigned unit weight June 5.25 52.5
August 344 86 August 3.78 37.8
September 230 57.5 September 3.5 35
October 260 65 October 3.8 38
November 420 105 November 5.85 58.5
December 440 110 December 5.95 59.5
January 430 107.5 January 5.5 55
February 375 93.75 February 5.12 51.2
March 250 62.5 March 4.46 44.6
BOD April 4.65 77.5 Nitrite April 0.6 60
WHO/EPA Standard vy = 6 May 4.3 71.666  WHO/EPA Standard v; = 1 May 0.35 35
Assigned unit weight June 4.4 73.33 Assigned unit weight June 0.52 52
(W,) = 0.006849 July 4.6 76.66 (W) = 0.041099 July 0.55 55
August 4.3 71.66 August 0.23 23
September 4.8 80 September 0.8 80
October 4.9 81.66 October 1.4 140
November  4.65 77.55 November 1.25 125
December  4.55 75.83 December 1.36 136
January 4.4 73.33 January 1.2 120
February 4.5 75 February 0.9 90
March 4.55 75.83 March 0.8 80
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and zinc (Zn), and anti-persistent behavior with calcium
(Ca), ferrous (Fe), fluoride (Fl), nitrate and nitrite
parameters.

Table 2 Monthly value of water quality index at Harike Lake

TDS

Mean, median and mode values are different; thus, the
curve does not follow normal behavior. Standard devia-
tion value is high (96.226), thus the values of TDS are

Months WQI values not close to each other. It is negatively skewed and the
April 650.065735 curve is platykurtic. TDS has persistent behavior with
May $56.235719 hardness and anti-persistent behavior with sulfate and
June 1036.841797 conductance.
July 584.124873
Aug 363.032166 ~ Hardness
Sep 483.34903
Oct 054959505  Mean and median values are approximately equal, but
Nov 585.756836 mode value is different. So, it does not exhibit normal
Dec 201820343 behavior. Standard deviation value (25.877) suggests that
Jan 685.687622 data are spread out and the curve is platykurtic. Hardness
Feb 192.799955 has persistent behavior with chloride, DO and Ca, and anti-
March 077 38855 persistent behavior with TDS, alkalinity, sulfate and con-
ductance parameters.
Fig. 2 Monthly values of water wal
quality index (WQI) at Harike 1200 1
Lake
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Table 3 Statistical analysis of water parameters at Harike Lake
Parameters Mean Median Mode SD Skewness Kurtosis Coefficient of variation
pH 8.37 8.375 8.383 0.121 0.327 —0.344 0.015
TDS 445.667 458 482.667 96.226 —0.257 —1.385 0.216
Hardness 198 193.5 184.5 25.877 0.465 —0.865 0.131
Alkalinity 100.805 101 101.39 15.181 —0.363 0.302 0.151
Sulfate 542.4833 555.7 582.133 105.417 —0.265 —1.046 0.194
Chloride 35.492 329 27.717 8.699 1.179 0.847 0.245
Conductance 348.333 380 443.333 83.7 —0.535 —1.58 0.24
BOD 4.55 4.55 4.55 0.186 0.382 —0.343 0.04
DO 9.354 9.33 9.282 0.171 0.27 —0.789 0.018
Ca 29.392 30.83 33.705 4.86 —0.504 —1.263 0.165
Fe 0.541 0.46 0.298 0.414 0.348 —1.569 0.766
Cr 0.571 0.525 0.433 0.243 0.113 —0.856 0.426
Zn 2.767 2.6 2.267 0.639 1.485 1.592 0.231
Fl 1.292 1.24 1.137 0.287 —0.0183 —0.004 0.222
Nitrate 4.748 4.75 4.753 0.823 —0.032 —1.232 0.173
Nitrite 0.83 0.8 0.74 0.398 0.118 —1.303 0.479
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Fig. 3 Graphical representation (a)
of statistical analysis of water 10 - B Mean
parameters at Harike Lake
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Average, median and mode values are approximately equal
and thus the data exhibit normal behavior. Standard devi-
ation (15.181) suggests that the data are not close to each
other. The skewness value (—0.363) is approximately equal
to 0, thus the curve is symmetrical and platykurtic. Alka-
linity has anti-persistent behavior with TDS, hardness,
sulfate, chloride, conductance and Ca.

Sulfate

Mean, median and mode values are approximately equal.
Standard deviation (105.417) suggests that sample data are
not close to each other. The skewness value is approxi-
mately equal to 0, thus the curve is symmetrical and
platykurtic. Sulfate has persistent behavior with hardness
and anti-persistent behavior with TDS and conductance.

Chloride

Average, median and mode values are approximately equal,
and thus the data show normal behavior. Standard deviation
value (8.699) shows that the sample points are not close to
each other. Skewness value suggests that the curve is
symmetrical and the kurtosis value is less than 3. Thus, the
curve is platykurtic. Chloride has anti-persistent behavior
with TDS, hardness, alkalinity, sulfate and conductance.

* @ Springer

Mean, median and mode values are different, and thus the
data do not show normal behavior. Standard deviation
value (83.7) suggests that data are spread. The curve is
negatively skewed and platykurtic. Conductance has per-
sistent behavior with hardness, alkalinity and Zn and anti-
persistent behavior with TDS and sulfate.

BOD

Average, median and mode values are the same, and thus
the data show normal behavior. Standard deviation value
(0.186) explains that the sample data are not spread. The
curve is skewed and platykurtic. BOD has Brownian time
series (True random walk) behavior with TDS, hardness,
alkalinity, sulfate, chloride, conductance and Ca parame-
ters. BOD has persistent behavior with pH, DO, Fe, Zn, Fl
and nitrate, and anti-persistent behavior with Cr and nitrite
parameters.

DO

Mean and median values are approximately equal. Stan-
dard deviation (0.171) suggests that sample data are very
close to each other. The skewness value is approximately
equal to 0, and thus the curve is symmetrical and platy-
kurtic. DO has Brownian time series (true random walk)
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Table 4 Regression equations, coefficient of correlation, Hurst exponent, fractal dimension and predictability index between water parameters

at Harike Lake

2

Y Parameters (X) Regression equation r H D (Fractal) PI
pH TDS Y = 0.0009X + 7.9854 0.4694 0.5 1.5 0
Hardness Y = 0.0032X + 7.7391 0.462 0.5 1.5 0
Alkalinity Y = 0.006X + 7.7168 0.6577 0.5 1.5 0
Sulfate Y =0.0011X + 7.799 0.837 0.499 1.50055 0.0011
Chloride Y = 0.0106X + 7.9952 0.5747 0.5 1.5 0
Conductance Y = 0.001X + 8.0064 0.5196 0.499 1.5005 0.001
BOD Y = —0.0658X + 8.6702 0.0101 0.533 1.4671 0.0658
DO Y = —0.348X + 11.626 0.2392 0.674 1.326 0.348
Ca Y =0.0164X + 7.8874 0.4331 0.492 1.5082 0.0164
Fe Y = 0.2291X + 8.2469 0.6103 0.386 1.61455 0.2291
Cr Y = —0.1165X + 8.4373 0.0543 0.558 1.44175 0.1165
Zn Y = —0.075X + 8.5784 0.1557 0.537 1.4625 0.075
Fl Y = 0.0212X + 8.3435 0.0025 0.489 1.5106 0.0212
Nitrate Y = 0.1412X 4+ 7.7006 0.9141 0.429 1.5706 0.1412
Nitrite Y = 0.1873X + 8.2154 0.3767 0.406 1.59365 0.1873
TDS Hardness Y =2.2661X — 3.0186 0.3714 0.63305 1.36695 0.2661
Sulfate Y = 0.6927X + 69.869 0.5759 0.15365 1.84635 0.6927
Conductance Y = 1.0967X + 63.664 0.9099 0.04835 1.95165 0.9033
Hardness TDS Y = 1.1639X + 124.96 0.3714 0.08195 1.91805 0.8361
Alkalinity Y = 0.5922X 4 138.3 0.1207 0.2039 1.7961 0.5922
Sulfate Y =0.149X + 117.15 0.3686 0.4255 1.5745 0.149
Chloride Y = 2.6206X + 104.99 0.7762 0.8103 1.1897 0.6206
Conductance Y =0.2147X + 1232 0.4825 0.39265 1.60735 0.2147
DO Y = —0.8737X + 206.17 3.00E—05 0.93685 1.06315 0.8737
Ca Y =29115X + 11243 0.299 0.95575 1.04425 0.9115
Alkalinity TDS Y = 0.0838X + 63.461 0.2821 0.4581 1.5419 0.0838
Hardness Y = 0.2038X + 60.447 0.1207 0.3981 1.6019 0.2038
Sulfate Y =0.0914X 4 51.234 0.4026 0.4543 1.5457 0.0914
Chloride Y = 0.9603X + 66.723 0.3028 0.01985 1.98015 0.9603
Conductance Y = 0.0886X + 69.932 0.2388 0.4557 1.5443 0.0886
Ca Y = 0.9783X + 72.05 0.0981 0.01085 1.98915 0.9783
Sulfate TDS Y = 0.8314X + 171.96 0.5759 0.0843 1.9157 0.8314
Hardness Y = 2.4732X + 52.792 0.3686 0.7366 1.2634 0.4732
Conductance Y = 0.9805X 4+ 200.96 0.606 0.00975 1.99025 0.9805
Chloride TDS Y = 0.0526X + 12.038 0.3388 0.4737 1.5263 0.0526
Hardness Y = 0.2962X — 23.156 0.7762 0.3519 1.6481 0.2962
Alkalinity Y = 0.3154X + 3.7024 0.3028 0.3423 1.6577 0.3154
Sulfate Y = 0.0532X + 6.6431 0.4152 0.4734 1.5266 0.0532
Conductance Y = 0.072X + 10.415 0.4797 0.464 1.536 0.072
Conductance TDS Y = 0.8297X — 21.447 0.9099 0.08515 1.91485 0.8297
Hardness Y = 2.2467X — 96.508 0.4825 0.62335 1.37665 0.2467
Alkalinity Y = 2.6941X + 76.75 0.2388 0.84705 1.15295 0.6941
Sulfate Y = 0.6181X + 13.027 0.606 0.19095 1.80905 0.6181
Zn Y = 2.4368X + 341.59 0.0003 0.7184 1.2816 0.4368
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Table 4 continued

2

Y Parameters (X) Regression equation r H D (Fractal) PI
BOD pH Y = —0.154X + 5.8395 0.0101 0.575 1.425 0.15
TDS Y = —0.0007X + 4.8817 0.1484 0.50035 1.49965 0.0007
Hardness Y= —0.0038X + 5.3 0.2781 0.5019 1.4981 0.0038
Alkalinity Y = 0.0032X + 4.2226 0.0704 0.4984 1.5016 0.0032
Sulfate Y = —0.0005X + 4.8404 0.0922 0.50025 1.49975 0.0005
Chloride Y= —0.0083X + 4.8459 0.1522 0.50415 1.49585 0.0083
Conductance Y = —0.0012X + 4.9607 0.2819 0.5006 1.4994 0.0012
DO Y = —0.7504X + 11.569 0.4749 0.8752 1.1248 0.7504
Ca Y = —0.0145X + 4.9754 0.1432 0.50725 1.49275 0.0145
Fe Y = —0.0633X + 4.5843 0.0199 0.53165 1.46835 0.0633
Cr Y = 0.0438X + 4.525 0.0033 0.4781 1.5219 0.0438
Zn Y = —0.1883X + 5.0711 0.4188 0.59415 1.40585 0.1883
Fl Y = —0.2239X + 4.8392 0.119 0.61195 1.38805 0.2239
Nitrate Y = —0.0633X + 4.8507 0.0786 0.53165 1.46835 0.0633
Nitrite Y = 0.2607X + 4.3336 0.3118 0.36965 1.63035 0.2607
DO pH Y = —0.6873X + 15.107 0.2392 0.84365 1.15635 0.6873
TDS Y = —9E—-05X + 9.3937 0.0025 0.500045 1.499955 9E—05
Hardness Y = —4E—-05X + 9.3617 0.00003 0.50002 1.49998 4E—05
Alkalinity Y = —0.0078X + 10.143 0.4849 0.5039 1.4961 0.0078
Sulfate Y = —0.0004X + 9.5979 0.077 0.5002 1.4998 0.0004
Chloride Y = —0.0056X + 9.5525 0.0811 0.5028 1.4972 0.0056
Conductance Y = —3E—-05X + 9.3639 0.0002 0.500015 1.499985 3E-05
BOD Y = —0.6329X + 12.234 0.4749 0.81645 1.18355 0.6329
Ca Y = —0.0028X + 9.4372 0.0065 0.5014 1.4986 0.0028
Fe Y = —0.1773X + 9.4501 0.1851 0.58865 1.41135 0.1773
Cr Y = 0.0379X + 9.3325 0.0029 0.48105 1.51895 0.0379
Zn Y = 0.182X + 8.8506 0.4638 0.409 1.591 0.182
Fl Y = 0.2856X + 8.9853 0.2295 0.3572 1.6428 0.2856
Nitrate Y = —0.0633X + 9.6549 0.0932 0.53165 1.46835 0.0633
Nitrite Y = —0.4094X + 9.694 09118 0.7047 1.2953 0.4094
Ca TDS Y = 0.0333X + 14.544 0.4352 0.48335 1.51665 0.0333
Hardness Y = 0.1027X + 9.0587 0.299 0.44865 1.55135 0.1027
Alkalinity Y = 0.1003X + 19.285 0.0981 0.44985 1.55015 0.1003
Sulfate Y = 0.0335X + 11.206 0.5288 0.48325 1.51675 0.0335
Chloride Y = 0.3419X + 17.258 0.3748 0.32905 1.67095 0.3419
Conductance Y = 0.0408X + 15.188 0.4932 0.4796 1.5204 0.0408
DO Y = 2.2894X + 50.808 0.0065 0.6447 1.3553 0.2894
Cr Y = 2.522X + 27.953 0.0159 0.761 1.239 0.522
Zn Y = 0.7954X 4 0.746 0.0101 0.1023 1.8977 0.7954
Nitrite Y = 1.4735X + 28.169 0.0146 0.23675 1.76325 0.5265
Fe pH Y = 2.6637X — 21.756 0.0103 0.83185 1.16815 0.6637
TDS Y = 0.001X + 0.1089 0.0507 0.4995 1.5005 0.001
Hardness Y = 0.0076X — 0.9698 0.2272 0.4962 1.5038 0.0076
Alkalinity Y =0.0164X — 1.116 0.3629 0.4918 1.5082 0.0164
Sulfate Y = 0.0025X — 0.8355 0.417 0.49875 1.50125 0.0025
Chloride Y = 0.0329X — 0.6275 0.4782 0.48355 1.51645 0.0329
Conductance Y = 0.007X + 0.8218 0.0615 0.4965 1.5035 0.007
BOD Y = —-0.3145X + 1.9717 0.0199 0.65725 1.34275 0.3145
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Table 4 continued

Y Parameters (X) Regression equation P H D (Fractal) PI
Ca Y = 0.0063X + 0.3853 0.0159 0.49685 1.50315 0.0063
Cr Y = —0.7365X + 0.9613 0.1869 0.86825 1.13175 0.7365
Zn Y = 0.0741X + 0.746 0.0131 0.46295 1.53705 0.0741
Fl Y = —0.4372X + 1.1055 0.0914 0.7186 1.2814 0.4372
Nitrate Y = 0.3799X — 1.2631 0.5695 0.31005 1.68995 0.3799
Nitrite Y = 0.591X + 0.0503 0.3228 0.2045 1.7955 0.591

Cr pH Y = —0.4665X + 4.4758 0.0543 0.73325 1.26675 0.4665
TDS Y = —0.0002X + 0.6687 0.0076 0.5001 1.4999 0.0002
Hardness Y = —0.0019X + 0.9488 0.0413 0.50095 1.49905 0.0019
Alkalinity Y = —0.0047X + 1.0489 0.0877 0.50235 1.49765 0.0047
Sulfate Y = —7E—-05X + 0.6065 0.0018 0.500035 1.499965 TE—-05
Chloride Y = —0.0079X + 0.8499 0.0792 0.50395 1.49605 0.0079
Conductance Y = 0.002X — 0.1531 0.1621 0.499 1.501 0.002
BOD Y = 0.075X + 0.2296 0.0033 0.4625 1.5375 0.075
DO Y = 0.0769X — 0.1489 0.0029 0.46155 1.53845 0.0769
Ca Y = 0.0429X — 0.721 0.2538 0.47855 1.52145 0.0429
Fe Y = —0.2538X + 0.7081 0.1869 0.6269 1.3731 0.2538
Zn Y = —0.0169X + 0.6175 0.002 0.50845 1.49155 0.0169
Fl Y = 0.4731X — 0.0402 0.3106 0.26345 1.73655 0.4731
Nitrate Y = —0.0625X 4+ 0.8675 0.0447 0.53125 1.46875 0.0625
Nitrite Y = —0.0826X + 0.6394 0.0183 0.5413 1.4587 0.0826

Zn TDS Y = —-0.001X + 3.2144 0.0229 0.5005 1.4995 0.001
Hardness Y = —0.0031X 4+ 3.3903 0.0163 0.50155 1.49845 0.0031
Alkalinity Y = —0.0269X + 5.4753 0.408 0.51345 1.48655 0.0269
Sulfate Y = —0.0012X + 3.4082 0.0381 0.5006 1.4994 0.0012
Chloride Y = -0.0172X 4 3.3756 0.0546 0.5086 1.4914 0.0172
Conductance Y = 0.0001X + 2.7172 0.0003 0.49995 1.50005 1E—04
DO Y = 2.5482X — 21.069 0.4638 0.7741 1.2259 0.5482
Ca Y = —0.0132X + 3.1551 0.0101 0.5066 1.4934 0.0132
Fe Y = -0.176X + 2.862 0.0131 0.588 1.412 0.176
Cr Y = —0.1164X + 2.8331 0.002 0.5582 1.4418 0.1164
Fl Y =0.03721X + 2.2861 0.0278 0.481395 1.518605 0.03721
Nitrate Y = —0.02104X + 3.7659 0.0735 0.51052 1.48948 0.02104
Nitrite Y = —0.8867X + 3.5026 0.3055 0.94335 1.05665 0.8867

Fl pH Y =0.1176X + 0.304 0.0025 0.4412 1.5588 0.1176
TDS Y = 0.0012X + 0.7569 0.1626 0.4994 1.5006 0.0012
Hardness Y = 0.0013X + 1.0398 0.0132 0.49935 1.50065 0.0013
Alkalinity Y = —0.0033X + 1.6288 0.0314 0.50165 1.49835 0.0033
Sulfate Y = 0.0008X + 0.8503 0.0897 0.4996 1.5004 0.0008
Chloride Y = —0.0042X + 1.4398 0.0161 0.5021 1.4979 0.0042
Conductance Y = 0.009X + 0.9714 0.0722 0.4955 1.5045 0.009
BOD Y =1.1961X — 4.612 0.3138 0.09805 1.90195 0.8039
DO Y = 0.8038X — 6.227 0.2295 0.0981 1.9019 0.8038
Ca Y = 0.0239X + 0.5901 0.1641 0.48805 1.51195 0.0239
Fe Y = —0.209X + 1.4047 0.0914 0.6045 1.3955 0.209
Cr Y = 0.6565X + 0.9169 0.3106 0.17175 1.82825 0.6565
Zn Y = 0.074X + 1.0847 0.0278 0.463 1.537 0.074
Nitrate Y = 0.0594X + 1.0096 0.0291 0.4703 1.5297 0.0594
Nitrite Y = —-0.3392X 4 1.5732 0.2224 0.6696 1.3304 0.3392
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Table 4 continued

Y Parameters (X) Regression equation P H D (Fractal) PI

Nitrate TDS Y = 0.0066X + 1.0845 0.5969 0.4967 1.5033 0.0066
Hardness Y = 0.021X + 0.5819 0.4381 0.4895 1.5105 0.021
Alkalinity Y = 0.0404X + 0.6736 0.5564 0.4798 1.5202 0.0404
Sulfate Y = 0.0073X + 0.8027 0.8686 0.49635 1.50365 0.0073
Chloride Y = 0.0712X + 2.2206 0.5672 0.4644 1.5356 0.0712
Conductance Y = 0.008X + 1.9559 0.6652 0.496 1.504 0.008
Ca Y = 0.1323X + 0.8597 0.6109 0.43385 1.56615 0.1323
Fe Y = 1.4989X + 3.9377 0.5695 0.24945 1.75055 0.5011
Cr Y = —0.7154X + 5.1567 0.0447 0.8577 1.1423 0.7154
Zn Y = —0.3492X 4 5.7144 0.0735 0.6746 1.3254 0.3492
Fl Y = 0.4902X + 4.1152 0.0291 0.2549 1.7451 0.4902
Nitrite Y = 0.8566X + 4.0374 0.1718 0.0717 1.9283 0.8566

Nitrite pH Y =2.0118X — 16.011 0.3767 0.5059 1.4941 0.0118
TDS Y = 0.0005X + 0.6238 0.0125 0.49975 1.50025 0.0005
Hardness Y = 0.0024X + 0.3561 0.0242 0.4988 1.5012 0.0024
Alkalinity Y =0.0185X — 1.031 0.4956 0.49075 1.50925 0.0185
Sulfate Y = 0.0015X + 0.0206 0.1561 0.49925 1.50075 0.0015
Chloride Y = 0.0177X + 0.2025 0.1492 0.49115 1.50885 0.0177
Conductance Y = 0.0006X + 0.6311 0.0144 0.4997 1.5003 0.0006
BOD Y = —0.5316X + 3.7104 0.119 0.7658 1.2342 0.5316
Ca Y = 0.0099X + 0.5394 0.0146 0.49505 1.50495 0.0099
Fe Y = 0.5461X + 0.5346 0.3228 0.22695 1.77305 0.5461
Cr Y = —0.217X + 0.9565 0.0183 0.6085 1.3915 0.217
Zn Y = —0.3446X + 1.7833 0.3055 0.6723 1.3277 0.3446
Fl Y = —0.6556X + 1.6769 0.2224 0.8278 1.1722 0.6556
Nitrate Y = 0.2006X — 0.1226 0.1718 0.3997 1.6003 0.2006

behavior with TDS, hardness, alkalinity, sulfate, chloride,
conductance and Ca parameters. DO has persistent
behavior with pH, BOD, Fe, nitrate and nitrite and anti-
persistent behavior with Cr, Zn and Fl parameters.

Ca

Mean, median and mode values are almost same and thus
the curve shows normal behavior. Standard deviation value
is high (4.86); thus, the values of Ca are not close to each
other. It is negatively skewed and the curve is platykurtic.
Ca has persistent behavior with DO and Cr, and anti-per-
sistent behavior with TDS, hardness, alkalinity, sulfate,
chloride, conductance, Zn and nitrite parameters.

Fe

Average, median and mode values are approximately equal
and thus the data show normal behavior. Standard devia-
tion value (0.414) exhibits that the sample points are close
to each other. Skewness value suggests that the curve is
symmetrical and kurtosis value is less than 3; thus, the
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curve is platykurtic. Fe has Brownian time series (True
random walk) behavior with TDS, hardness, alkalinity,
sulfate, conductance and Ca parameters. Fe has persistent
behavior with pH, BOD, Cr and Fl, and anti-persistent
behavior with chloride, Zn, nitrate and nitrite parameters.

Cr

Average, median and mode values are the same and thus
data show normal behavior. Standard deviation value
(0.243) explains that the sample data are not spread. The
curve is negatively skewed and platykurtic. Cr has
Brownian time series (True random walk) behavior with
TDS, hardness, alkalinity, sulfate, chloride, conductance
and Zn parameters. Cr has persistent behavior with pH, Fe,
nitrate, nitrite, and anti-persistent behavior with BOD, DO,
Ca and Fl parameters.

7Zn

Mean and median values are approximately equal. Stan-
dard deviation (0.639) suggests that the sample data are



Int. J. Environ. Sci. Technol. (2013) 10:151-164

163

very close to each other. The skewness value is 1.485, and
thus the curve is not symmetrical and platykurtic. Zn has
Brownian time series (True random walk) behavior with
TDS, Hardness, sulfate, chloride, conductance and Ca
parameters. Zn has persistent behavior with alkalinity, DO,
Fe, Cr, nitrate and nitrite, and anti-persistent behavior with
Fl parameter.

Fl

Mean, median and mode values are approximately equal,
and thus the curve shows normal behavior. Standard
deviation value (0.287) suggests that the sample data are
close to each other and the curve is platykurtic. Fl has
Brownian time series (true random walk) behavior with
TDS, hardness, alkalinity, sulfate, chloride and conduc-
tance parameters. Fl has persistent behavior with Fe and
nitrite, and anti-persistent behavior with BOD, DO, Ca, Cr,
Zn and nitrate parameters.

Nitrate

Average, median and mode values are equal and thus data
exhibit normal behavior. Standard deviation (0.823) sug-
gests that the data are close to each other. The skewness
value (-0.032) is approximately equal to O and thus the
curve is symmetrical and platykurtic. Nitrate has Brownian
time series (true random walk) behavior with TDS, sulfate
and conductance parameters. Nitrate has persistent behavior
with Cr and Zn, and anti-persistent behavior with hardness,
alkalinity, chloride, Ca, Fe, Fl and nitrite parameters.

Nitrite

Mean, median and mode values are approximately equal,
so it is symmetrical. Standard deviation (0.398) suggests
that the sample data are close to each other. The skewness
value is approximately equal to O, and thus the curve is
symmetrical and platykurtic. Nitrite has Brownian time
series (true random walk) behavior with pH, TDS, hard-
ness, alkalinity, sulfate, chloride, conductance and Ca
parameters. Nitrite has persistent behavior with BOD, Cer,
Zn and Fl, and anti-persistent behavior with Fe and nitrate
parameters.

Conclusion

It has been observed that all water parameters at the con-
fluence of Beas and Sutlej rivers at Harike Lake have
platykurtic curve. The Brownian time series behavior exists
for pH with TDS, hardness, alkalinity, sulfate, chloride and
conductance parameters; BOD with TDS, hardness,

alkalinity, sulfate, chloride, conductance and Ca parame-
ters; DO with TDS, hardness, alkalinity, sulfate, chloride,
conductance and Ca parameters; Fe with TDS, hardness,
alkalinity, sulfate, conductance and Ca parameters; Cr with
TDS, hardness, alkalinity, sulfate, chloride, conductance
and Zn parameters; Zn with TDS, hardness, sulfate, chlo-
ride, conductance and Ca parameters; Fl with TDS, hard-
ness, alkalinity, sulfate, chloride and conductance
parameters; nitrate with TDS, sulfate and conductance
parameters; nitrite with pH, TDS, hardness, alkalinity,
sulfate, chloride, conductance, and Ca parameters. The
persistent behavior exists of pH with BOD, DO, Cr and Zn;
TDS with hardness; hardness with chloride, DO and Ca;
sulfate with hardness; conductance with hardness, alka-
linity and Zn; BOD with pH, DO, Fe, Zn, Fl and nitrate;
DO with pH, BOD, Fe, nitrate and nitrite; Ca with DO and
Cr; Fe with pH, BOD, Cr and Fl; Cr with pH, Fe, nitrate
and nitrite; Zn with alkalinity, DO, Fe, Cr, nitrate and
nitrite; Fl with Fe and nitrite; nitrate with Cr and Zn; nitrite
has persistent behavior with BOD, Cr, Zn and FI. The anti-
persistent behavior exists of pH with Ca, Fe, Fl, nitrate and
nitrite; TDS with sulfate and conductance; hardness with
TDS, alkalinity, sulfate and conductance; alkalinity with
TDS, hardness, sulfate, chloride, conductance and Ca;
sulfate with TDS and conductance; chloride with TDS,
hardness, alkalinity, sulfate and conductance; conductance
with TDS and sulfate; BOD with Cr and nitrite; DO with
Cr, Zn and Fl; Ca with TDS, hardness, alkalinity, sulfate,
chloride, conductance, Zn and nitrite; Fe with chloride, Zn,
nitrate and nitrite; Cr with BOD, DO, Ca and Fl; Zn with
Fl; F1 with BOD, DO, Ca, Cr, Zn and nitrate; nitrate with
hardness, alkalinity, chloride, Ca, Fe, Fl and nitrite; nitrite
with Fe and nitrate parameters. The parameters pH, DO,
hardness, Cr and sulfate crossed the prescribed WHO/EPA
standard values for all months. Thus, the water of Harike
Lake is severely contaminated and is not fit for drinking
and industrial purpose.
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