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Abstract  Statistical analysis of the water quality parameters COD (Chemical Oxygen Demand), BOD (Biochemical 
Oxygen Demand), DO (Dissolved Oxygen), WT (Water Temperature), AMM (Free Ammonia), TKN (Total Kjeldahl Ni-
trogen), TC (Total Coliform), FC (Fecal Coliform) and pH (Potential of Hydrogen) monitored at Hathni Kund Dam (Haryana) 
Yamuna River in India have been studied. It has been observed that water quality parameter have positive correlation be-
tween COD-BOD; AMM-TKN; WT-pH; TC-FC; and negatively correlation between COD-DO; BOD-DO; TKN-FC; 
DO-WT. Discrete wavelet analyses of water quality parameter using Daubechies wavelet at level 5 have been calculated. It 
has been observed that the values of signal data at five different levels for AMM, BOD, COD, DO, FC, pH, TC, TKN, WT 
varies between -1 to 1, -2 to 2, -20 to 20, -2 to 2, -5 to 5, -1 to 1, -2 to 2, -5 to 5, -10 to 10 respectively. 
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1. Introduction 
Water is the basic requirement for life on earth. Many 

human activities pollute the river water. Urbanization, in-
dustrialization and globalization increased pollution level in 
river water. Yu, B. et al. (2010) [9] discussed the unsteady 
evolution of NH3-N in the upper and middle reaches of 
Minjiang River through multi-scale analysis. Zainuddin, Z. 
and Pauline, O. (2011) [10] described the predictive capability 
of Wavelet Neural Networks (WNNs). He, Li et al. (2008) [5] 
studied wavelet-based multiresolution analysis technique 
(WMAT) for reducing noises induced by complex uncer-
tainty. Hanbaya, D. et al. (2010) [4] studied switch circuits 
model based on wavelet decomposition and neural network. 
Kumar N. and Sinha D.K. (2010) [6] studied statistical re-
gression analysis of underground drinking water. Vassilis Z. 
et al. (2001) [8] studied the time series analysis using statis-
tical methods for monthly values of water quality parameters 
and the discharge. Can, Z. et al. (2005) [2] analyzed the 
characteristics of gravity waves (GWs) and seasonal varia-
tions of atmospheric waves over Istanbul using wavelet 
techniques. Zhang et al. (2008) [11] explained complex sys-
tem dynamic (SD) model for water resources. Clonda, D. et 
al (2004) [3] discussed symmetric solution using complex 
Daubechies wavelets. Bhardwaj et al. (2011) [1] calculated 
water quality index (WQI) for 16 water quality parameters 
including 6 cations, 5 anions beside Dissolved Oxide (DO), 
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Biochemical Oxygen Demand (BOD), Total Dissolved 
Solids (TDS), Potential of Hydrogen (pH) and conductivity 
at the Hathni Kund Dam (Haryana, India). This paper deals 
with Statistical and Wavelet Analysis using Daubechies 
Wavelet at level 5 (Db 5) of water quality parameters.  

2. Statistical Analysis of Water Quality 
Parameters 

The monthly average values of last 10 years of water 
quality parameters COD (Chemical Oxygen Demand), BOD 
(Biochemical Oxygen Demand), DO (Dissolved Oxygen), 
WT (Water Temperature), AMM (Free Ammonia), TKN 
(Total Kjeldahl Nitrogen), TC (Total Coliform), FC (Fecal 
Coliform) and pH (Potential of Hydrogen) observed by 
Central Pollution Control Board (CPCB) at Hathni Kund 
Dam (Haryana) of Yamuna river (India) have been consid-
ered for study. In Statistical analysis mean, median, mode, 
minimum, maximum, range, standard deviation, kurtosis, 
skewness and coefficient of variation have been studied. 
Skewness gives the symmetry of data and coefficient of 
variation discribes the relative measure of sample. Kurtosis 
(k) refers the degree of flatness or peakedness and it also 
indicates impulsiveness of the signal. It defined as  

( ) ( )
4

4

1k x x f x dx
σ

∞

−∞

= −∫            (1)

 where ( )f x probability density function of the instaneous 
amplitude ( )x t  at time t.  x is a mean value and σ is the 
standard deviation of ( )x t . 

The statistical analysis of each water quality parameters 



58  Kulwinder Singh Parmar et al.:  Analysis of Water Parameters Using Daubechies Wavelet (Level 5) (Db5) 
  

 

pH, COD, BOD, AMM, TKN, DO, WT, TC and FC have 
been discussed below as given in Table 1. 

pH: Average, positional average and mode value of pH is 
7.77, 7.72 and 7.7. These values are close to 7.7 thus data 
exhibits normal behavior. Standard deviation (SD) is 0.422, 
skewness approximates to 0 thus pH is symmetrical and 
values are very close to each other. Curve is platykurtic as 
Kurtosis is less than 3.  

COD: Mean, median and mode value is 7.2, 6.0 and 5.0 
respectively thus curve is not normal. Standard deviation 
value is high (5.6932807) thus values of COD are not close 
to each other. It is skewed (2.435) and curve is leptokurtic 
because Kurtosis is more than 3. 

BOD: Mean and median value is approximately equal but 
mode value is different so curve is not normal. Standard 
deviation value suggests that data is spread out and curve is 
leptokurtic. 

AMM: Average, median and mode value is approxi-
mately equal thus data exhibits normal behavior. Standard 
deviation (0.2879) suggests that data is close to each other. 
Curve is platykurtic. 

TKN: Mean and median value is approximately equal. 
Standard deviation (0.83) suggests that sample data is close 
to each other. Skewness value is approximately 0 thus curve 
is symmetrical and platykurtic. 

DO: Average, median and mode value is equal thus data 
behaves normally. Standard deviation value is 1.344 curve is 
symmetric and platykurtic. 

WT: Mean, median and mode value is approximates to 21 
thus data exhibits normal characteristic. Curve is skewed and 
platykurtic. 

TC: Average, median and mode value is different. Stan-
dard deviation value explains that sample data is spread. 
Curve is leptokurtic. 

FC: Average, median and mode value is different. Stan-
dard deviation value explains that sample data is spread. 
Curve is leptokurtic. Curve is neither symmetrical nor 
skewed. 

3. Correlation Coefficient between Wa-
ter Quality Parameter 

The correlation coefficient is defined as 

( ) ( ) ( )2 21 2 2

x y nx y n x y x yi i i i i irxy n x y n x x n y yi i i i
δ δ
− −∑ ∑ ∑ ∑

= =
−

− −∑ ∑ ∑ ∑

(2) 

where x  and y are the sample means of X and Y, and xδ  
and yδ  are the sample standard deviations of X and Y.  

Table-2, gives the value of correlation coefficient between 
pairs of water quality parameters. It has been observed that 
COD is positively correlated with BOD and negatively cor-
related with DO. Positive correlation means persistent be-
havior with the variables. BOD is negatively correlated with 
DO. AMM is positively correlated with TKN. TKN is nega-
tively correlated with TC. DO is negatively correlated with 
WT.WT is positively correlated with pH and TC is positive 
correlated with FC. Figure 1, plots the graphical representa-
tion of correlation coefficient of water quality parameters 
with other parameters. 

Table 1.  Statistical Analysis of Yamuna River at Hathni Kund Dam 

Parameters pH COD BOD AMM TKN DO WT TC FC 

Mean 7.77 7.20 1.28 0.20 1.02 9.37 20.51 6,40,808.74 18,177.11 

Median 7.72 6.00 1.00 0.09 0.84 9.40 21.75 65,000.00 1,105.00 

Mode 7.7 5 1 0 0.27 9.6 22 21000 40 

Minimum 6.83 1.00 1.00 0.00 0.00 6.60 10.00 100.00 0.00 

Maximum 9.00 36.00 4.00 1.33 6.16 13.00 29.00 3,30,00,000.00 6,90,000.00 

Range 2.17 35.00 3.00 1.33 6.16 6.40 19.00 3,29,99,900.00 6,90,000.00 

SD 0.4219906 5.6932807 0.5792272 0.2879544 0.8304988 1.343981 4.8874171 3116814.156 69578.13012 

Kurtosis 0.4008068 8.0001476 5.2042797 2.4510663 12.432353 -0.2292778 -0.9596681 100.6365702 74.70462933 

Skewness 0.423504 2.4348628 2.2676231 1.7049319 2.7330303 0.2411506 -0.4004147 9.717438876 8.045445233 

Coeff. Of 

variation 
0.0543277 0.7907334 0.4542959 1.4132733 0.8128863 0.1434217 0.2383331 4.863875855 3.827788714 
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Table 2.  Correlation between water quality parameters at Hathni Kund (Haryana) Correlations 

  PH COD BOD AMM TKN DO WT TC FC 

PH Pearson Correlation 1 .139 .076 -.043 -.017 -.036 .204* -.041 -.026 

Sig. (2-tailed)  .130 .411 .639 .853 .696 .025 .656 .778 

N 120 120 120 120 120 120 120 120 120 

COD Pearson Correlation .139 1 .378** -.018 -.027 -.293** .150 .112 .013 

Sig. (2-tailed) .130  .000 .848 .766 .001 .102 .223 .892 

N 120 120 120 120 120 120 120 120 120 

BOD Pearson Correlation .076 .378** 1 .111 .076 -.188* .052 .011 -.018 

Sig. (2-tailed) .411 .000  .229 .408 .040 .571 .901 .841 

N 120 120 120 120 120 120 120 120 120 

AMM Pearson Correlation -.043 -.018 .111 1 .455** -.118 .190* -.033 -.121 

Sig. (2-tailed) .639 .848 .229  .000 .198 .037 .720 .189 

N 120 120 120 120 120 120 120 120 120 

TKN Pearson Correlation -.017 -.027 .076 .455** 1 -.023 .055 -.072 -.137 

Sig. (2-tailed) .853 .766 .408 .000  .807 .553 .438 .137 

N 120 120 120 120 120 120 120 120 120 

DO Pearson Correlation -.036 -.293** -.188* -.118 -.023 1 -.592** -.017 -.081 

Sig. (2-tailed) .696 .001 .040 .198 .807  .000 .854 .381 

N 120 120 120 120 120 120 120 120 120 

WT Pearson Correlation .204* .150 .052 .190* .055 -.592** 1 -.035 .052 

Sig. (2-tailed) .025 .102 .571 .037 .553 .000  .706 .571 

N 120 120 120 120 120 120 120 120 120 

TC Pearson Correlation -.041 .112 .011 -.033 -.072 -.017 -.035 1 .119 

Sig. (2-tailed) .656 .223 .901 .720 .438 .854 .706  .195 

N 120 120 120 120 120 120 120 120 120 

FC Pearson Correlation -.026 .013 -.018 -.121 -.137 -.081 .052 .119 1 

Sig. (2-tailed) .778 .892 .841 .189 .137 .381 .571 .195  

N 120 120 120 120 120 120 120 120 120 

*. Correlation is significant at the 0.05 level (2-tailed). 
**. Correlation is significant at the 0.01 level (2-tailed). 
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Figure 1.  Pearson correlation coefficient of (a) pH (b) COD (c) BOD (d) 
AMM (e) TKN (f) DO (g) WT (h) TC and (i) FC with other parameters. 

4. Discrete Wavelet Analysis of Water 
Quality Parameters 

A wavelet is a function ( )2Lψ ∈  which satisfies the 
condition  

( )
2^

C dψ

ψ ω
ω

ω

∞

−∞

≡ < ∞∫            (3) 

where ( )
^
ψ ω  is the Fourier transform of ( )tψ  

It may be observed that the wavelet transform is a prism 
which exhibits properties of signal such as points of abrupt 
changes, seasonality or periodicity. The wavelet transform is 
a function of ‘a’ and ‘b’ where 

a = the scale of frequency 
b = spatial position (translation) or time 
The plane defined by the variables (a, b) is called the 

scale-space or time frequency plane. A continuous repre-
sentation of a function of two continuous parameters a, b can 
be converted into a discrete one by assuming that a and b 
take only integral values.  

( )
1
2 , where 0,

t bt a aa b a
ψ ψ

− − = > 
 

  (4)

 

( ),T f a bψ  is called the Wavelet Transform of ( )f t and  

( ) ( )
1
2, , ,

t bT f a b a f t dt f a ba
ψ ψψ

− ∞ − = =∫  −∞  
 

= inner product or dot product of and ,f a bψ  

If ( )2 ,Lψ ∈  then ( ) ( )2
,a b t Lψ ∈  for all a, b.
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 The Fourier transform is given by 
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1 1^ ^

2 2
,
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a

ω ωψ ω ψ ψ ω
∞− −
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One dimensional discrete wavelet analysis of monthly 
average value for last ten years of water quality parameter 
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such as pH, BOD, COD, DO, AMM, TKN, WT, TC and FC 
for Yamuna river at Hathni Kund Dam, Haryana using ten 
years values. Daubechies wavelet at level 5 (Db 5) contains 
seven parts s, a5, d1, d2, d3, d4 and d5. The first part ‘s’ 
represents the signal or raw data and the second part ‘a5’ 
corresponds to the amplitude of the signal. The last parts d1, 
d2, d3, d4 and d5 represents details of the signal or raw data at 
five different levels.  

  
Figure 2(a).  1D Discrete wavelet for AMM 

 
Figure 2(b).  1D Discrete wavelet for BOD 

 
Figure 2(c).  1D Discrete wavelet for COD 

   
Figure 2(d).  1D Discrete wavelet for DO 

 
Figure 2(e).  1D Discrete wavelet for FC 

 
Figure 2(f).  1D Discrete wavelet for pH 
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Figure 2(g).  1D Discrete wavelet for TC 

  
Figure 2(h).  1D Discrete wavelet for TKN 

 
Figure 2(i).  1D Discrete wavelet for WT 

Figure 2, gives the details of 1D Daubechies Wavelet 
analysis at level 5 (Db 5) for each water quality parameter. It 

has been observed that: 
AMM: The first part of the figure 2(a) shows that maxi-

mum value of AMM is 1.33 and the corresponding amplitude 
(a5) varies from 0.15 to 0.35. The values of d5, d4, d3, d2 and 
d1 vary from-0.2 to 0.2, -0.2 to 0.2, -0.5 to 0.5, -0.5 to 0.5 and 
-1 to 1 respectively. 

BOD: Figure 2(b) explains the BOD parameter’s signal 
and maximum value is 4 and amplitude (a5) of this signal 
varies from 1.0 to 1.5. The other values of d5, d4, d3, d2 and d1 
varies from -0.5 to 0.5, -0.5 to 0.5, -1 to 0.5, -2 to 1 and -2 to 
2 respectively. 

COD: Figure 2(c) explains the COD parameter’s signal 
and maximum value is 36 and amplitude (a5) varies from 5.5 
to 9.5. The other values of d5, d4, d3, d2 and d1 varies from -2 
to 2, -2 to 2, -5 to 5, -10 to 10 and -20 to 20 respectively. 

DO: Figure 2(d) describes the DO parameter’s signal and 
maximum value is 13 and amplitude (a5) varies from 9.0 to 
9.9. The other values of d5, d4, d3, d2 and d1 vary from -1 to 1, 
-1 to 1, -2 to 2, -2 to 2 and -2 to 2 respectively. 

FC: Figure 2(e) explains the FC parameter’s signal and 
maximum value is 56 10×  and amplitude (a5) varies from 0 
to 7. The other values of d5, d4, d3, d2 and d1 vary from -5 to 5, 
-5 to 5, -1 to 1, -2 to 2 and -5 to 5 respectively. 

pH: Figure 2(f) depicts the pH parameter’s signal and 
maximum value is 9 and amplitude (a5) varies from 7.64 to 
7.85. The other values of d5, d4, d3, d2 and d1 varies from -0.5 
to 0.5, -0.5 to 0.5, -0.5 to 0.5, -0.5 to 0.5 and -1 to 1 respec-
tively. 

TC: First part of the Figure 2(g) explains the TC pa-
rameter’s signal and maximum value as 73 10×  and am-
plitude (a5) varies from 0 to 17. The other values of d5, d4, d3, 
d2 and d1 vary from -2 to 2, -5 to 5, -5 to 5, -1 to 1 and -2 to 2 
respectively. 

TKN: Figure 2(h) explains the TKN parameter’s signal 
and gives maximum value is 6.16 and amplitude (a5) varies 
from 0.6 to 1.2. The other values of d5, d4, d3, d2 and d1 varies 
from -0.5 to 0.5, -1 to 1, -0.5 to 0.5, -2 to 2 and -5 to 5 re-
spectively. 

WT: Figure 2(i) explains the WT parameter’s signal and 
maximum value is 29 and amplitude (a5) varies from 20.4 to 
21.1. The other values of d5, d4, d3, d2 and d1 vary from -2 to 2, 
-5 to 5, -5 to 5, -10 to 10 and -10 to 10 respectively. 

5. Conclusions 
Statistical and wavelet analysis of water quality parame-

ters monitored at the Hathni Kund Dam (Haryana) of Ya-
muna River (India) have been discussed. It has been ob-
served that curve is platykurtic for pH, AMM, TKN, DO, 
WT; leptokurtic for COD, BOD, TC, FC and normal for pH, 
AMM, DO, WT. There is positive correlation between 
COD–BOD, AMM–TKN, WT–pH, TC–FC and negative 
correlation between COD–DO, BOD-DO, TKN–FC, 
DO–WT. 1-D Discrete Daubechies Wavelet analysis ex-
plains that the parameters AMM, BOD, COD, DO, FC, pH, 
TC, TKN and WT have the maximum value 1.33, 4.0, 36, 13, 
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56 10× , 9.0, 73 10× ,6.16 and 35 and amplitude (a5) varies 
between 0.15 to 0.35, 1.0 to 1.5, 5.5 to 9.5, 9.0 to 9.9, 0 to 7, 
7.64 to 7.85, 0 to 17, 0.6 to 1.2 and 20.4 to 21.1 respectively. 
The values of d5, d4, d3, d2 and d1 ranges between -1 to 1 for 
AMM, pH; -2 to 2 for BOD, DO, TC; -5 to 5 for FC, TKN; 
-10 to 10 for WT and -20 to 20 for COD. It has been con-
cluded that water quality parameters cross the prescribed 
limit of WHO/EPA. 
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