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ABSTRACT

Objectives: Spatiotemporal investigation of water systems is necessary for valuable management of water bodies.
In this study, the main objective is to categorize water body based on statistical techniques.
Method: In the current work, eleven physico-chemical parameters were analyzed for 24 sampling stations of
Narsapur stream of Godavari River. The data set was complex (24x11) matrix and hence it becomes difficult to
interpret the intervened data. Thus it becomes necessary to reduce the data. Statistical procedures like cluster analysis
(CA) and principal component analysis (PCA) were very efficient data reduction methods used to condense the
multiple parametric water quality data.
Findings: Cluster analysis classified the data into two clusters in both the seasons covering similarities and
dissimilarities. As a result, the number of monitoring stations along the stream can be reduced. Four principal
components were extracted by PCA with 77.34% and 78.39% of total variance in summer and winter seasons. The
components in both the seasons help to identify the sources of pollution.
Improvement: Statistical procedures were very efficient in future development of a model. These methods reduce
the cost and time of analysis to maximum extent. These methods help in contaminant source recognition.

KEY WORDS: Physico-chemical parameters, principal component analysis (PCA), cluster analysis (CA), spatial
and temporal variations, descriptive statistics.

1. INTRODUCTION

Sustainable development of any country is dependent on both quality and quantity of water (Khalil and
Ouarda, 2009). The quality is essential for health of human beings, animals and plants (Pejman, 2009). Frequent
monitoring of water quality is the highest priority in water resources management (Gholikandi, 2011). Fresh water
is available in the form of surface and ground waters. Surface water is more prone to pollution (Singh, 2005). Among
surface waters, rivers are the systems that carry pollutants from natural and artificial contaminant sources (Zhang,
2010). Human activities are highly responsible for pollution of atmosphere (Niemi, 1990).

River flow is a basis for many factors like rain fall, surface runoff, penetrated water etc. The pollutants and
flow rates in water bodies are more affected by seasonal variations. It becomes necessary to study the multiple
parametric data and summarize effectively (Dixon and Chiswell 1996). Classification and modelling of monitored
data is an essential step in the estimation of enormous data of water (Filik Iscen, 2008).

The data complexity is relieved by multivariate statistics.18 Statistics is useful in recognition of pollution
sources (Han, 2009). The multivariate methods that are used generally in water quality are cluster analysis (CA),
principal component analysis (PCA), discriminant analysis (DA) and exploratory factor analysis (EFA). These
methods are to study about water in depth (Kazi, 2009).

Therefore the study stresses on the estimation of variations in two seasons and identifies the pollution sources
in Narsapur stream of Godavari River, West Godavari Dist, A.P. and India.

2. METHODOLOGY

In this section we briefly discuss the various techniques used in the proposed study.

Study of sampling stations: West Godavari is one of the 13 districts in Andhra Pradesh, India. West Godavari
district occupies an area of 7700 square kilometers. It has 46 mandals out of which 20 are in Upland and the rest in
Deltaic region. The delta region is abundant with water sources and so agriculture, aquaculture and industries are
surviving with these abundant water resources. Irrigation in West Godavari is carried out through a network of
streams, namely Eluru stream, Narasapur stream, Venkayya Vayyeru stream, Gostani Velpur stream, Attili stream
etc.

Narasapur stream is selected as the main source for the study. The study was carried out at 24 locations of
the stream. Each Panchayat raj station along the stream was selected as the sampling point for monitoring water
quality data.

The sampling stations selected were S1 — Ajjaram, S2 — Peravali, S3- Kapavaram, S4 — Thurupu vipparu,
S5- Rapaka, S6- Gollagunta, S7- Aitampudi, S8 — Panugonda, S9- Naggipudi, S10 - Maaruteru, S11 - Poduru, S12
—Vedangi, S13- Penumantha, S14 — Jinnuru, S15 — Uilamparu, S16- Palakollu, S17- Chandraparru, S18- Agarru,
S19- Gorintada, S20 — Digamarru, S21 — Chitavaram, S22 — Narsapuram, S23 — Sitarampuram, S24 — Mogalturu.
The catchment area showing 24 sampling stations is illustrated in Fig.1.
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Figure.l. Narsapur stream of Godavari River showing its sampling stations

Water quality data; In this study, non-isokinetic samples of water were collected in sterilized bottles using the
standard procedure for grab samples in accordance with APHA 2005 from different sampling stations of the above
said stream of Godavari River. All the samples collected were preserved and tested for the physico-chemical
characteristics such as pH, electrical conductivity, total dissolved solids, total alkalinity, hardness, calcium,
magnesium, chlorides, nitrates, DO and BOD.
Statistical Procedures: The data set was subjected to SPSS 22 to draw meaningful conclusions using CA and PCA.
Cluster Analysis (CA): CA is a practice that categorizes the water quality depending on similarities and
dissimilarities of the data. It calculates the similarity by means of distance called Euclidean distance. The clusters
show extreme internal similarity within clusters and high external dissimilarity outside the clusters (Venkatesharaju,
2010). The most commonly used CA method is hierarchical agglomerative CA. The method was executed on the
normalized dataset by Ward’s method. The process uses squared Euclidean distance as a measure of resemblance to
study the data (Hussain, 2008).
Principal Component Analysis (PCA): Principal component analysis is one of the methods of Factor analysis that
reduces the multiple data by extracting much variability among the attributes (Zhang, 2009). In PCA, the variability
is shown by the extraction of principal components. The new axis in loading plot shows the maximum variance in
the dataset (Helena, 2000). The data reduction procedure develops new components that differ from other data. The
first component shows maximum variance and second one exhibits next maximum variance (Vikas Lokendra Singh
2012). The PCs are worked out from covariance to get eigenvalues (Alberto, 2001).
3. RESULTS AND DISCUSSION

The results of physico-chemical characteristics for 24 sampling stations were represented in Table.1 and
Table.2.

Table.1. Physicochemical characteristics of sampling stations of Narsapur stream (Post Monsoon)
(All values excluding pH and EC are in mg/L)

SNO | pH | EC TDS | Alkalinity | Hardness | Ca?* | Mg® | CL NOs | DO | BOD

S1 8.40 | 190.00 | 130.00 | 120.00 80.00 20.00 | 7.29 | 85.00 | 0.00 | 7.10 | 5.40
S2 8.49 | 190.00 | 130.00 | 170.00 70.00 18.00 | 6.00 | 63.81 | 0.00 | 6.50 | 3.60
S3 8.48 | 180.00 | 130.00 | 95.00 100.00 22.00 | 10.94 | 70.90 | 0.00 | 6.20 | 4.20
S4 8.54 | 200.00 | 135.00 | 90.00 90.00 22.00 | 851 |56.70 | 0.00 | 7.60 | 3.60
S5 8.64 | 180.00 | 125.00 | 110.00 135.00 20.00 | 20.40 | 56.70 | 0.00 | 5.60 | 5.00
S6 8.52 | 190.00 | 130.00 | 90.00 100.00 28.00 | 7.30 | 63.81 | 0.00 | 3.80 | 6.00

S7 8.66 | 180.00 | 130.00 | 140.00 110.00 28.00 | 7.30 | 63.81 | 0.00 |6.80 | 6.40
S8 8.70 | 180.00 | 130.00 | 125.00 100.00 24.00 | 9.73 |63.81 | 0.00 |6.50 | 6.60
S9 8.60 | 180.00 | 135.00 | 135.00 120.00 24.00 | 10.00 | 63.81 | 0.00 | 5.20 | 6.80

S10 | 8.52 | 180.00 | 130.00 | 120.00 90.00 22.00 | 851 | 85.00 | 0.00 |4.80 | 2.40
S11 | 8.16 | 190.00 | 140.00 | 110.00 80.00 18.00 | 8.51 | 70.90 | 0.00 | 6.20 | 1.20
S12 | 8.54 | 200.00 | 140.00 | 100.00 90.00 8.00 | 17.00 | 70.00 | 10.20 | 4.10 | 2.40
S13 | 8.54 | 200.00 | 140.00 | 90.00 95.00 20.00 | 10.90 | 80.00 | 0.00 | 6.20 | 6.00
S14 | 8.53 | 200.00 | 140.00 | 85.00 95.00 20.00 | 10.90 | 82.50 | 0.00 | 5.00 | 1.20
S15 | 8.49 | 200.00 | 140.00 | 90.00 100.00 28.00 | 7.30 | 85.00 | 24.70 | 7.10 | 2.40
S16 | 8.54 | 210.00 | 140.00 | 35.00 100.00 28.00 | 7.30 | 83.00 | 26.50 | 7.40 | 6.00
S17 | 8.49 | 220.00 | 150.00 | 105.00 90.00 8.00 |17.00] 7950|193 |3.10] 120
S18 | 8.15 | 240.00 | 160.00 | 50.00 110.00 400 |12.10] 7950|160 |4.90] 180
S19 | 8.33 | 210.00 | 140.00 | 95.00 105.00 20.00 | 13.30 | 70.90 | 0.00 | 5.10 | 7.80
S20 | 8.54 | 210.00 | 140.00 | 95.00 110.00 24.00 | 12.10 | 80.00 | 28.10 | 6.30 | 4.20
S21 | 8.19 | 210.00 | 140.00 | 95.00 110.00 40.00 | 12.10 | 82.00 | 12.60 | 5.40 | 4.20
S22 | 8.14 | 220.00 | 150.00 | 110.00 90.00 8.00 | 17.00 | 82.50 | 14.80 | 5.80 | 12.60
S23 | 8.21 | 210.00 | 140.00 | 90.00 105.00 20.00 | 13.30 | 82.50 | 16.40 | 7.20 | 3.00
S24 | 8.29 | 210.00 | 140.00 | 95.00 100.00 24.00 | 9.73 | 80.00 | 12.80 | 7.20 | 4.80
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Table.2. Physicochemical characteristics of sampling stations of Narsapur stream (Pre Monsoon)
(All values excepting pH and EC are in mg/L)

SNO | pH | EC TDS | Alkalinity | Hardness | Ca®* | Mg®* | CL NO; | DO | BOD
S1 7.45 | 180.00 | 130.00 | 120.00 125.00 22.00 | 17.00 | 113.00 | 4.03 | 6.80 | 5.40
S2 8.02 | 185.00 | 135.00 | 115.00 150.00 38.00 | 13.30 | 155.80 | 23.00 | 7.20 | 3.60
S3 8.18 | 180.00 | 135.00 | 130.00 150.00 38.00 | 13.30 | 152.43 | 8.14 | 6.40 | 2.40
S4 7.97 | 200.00 | 140.00 | 120.00 165.00 42.00 | 14.60 | 56.72 | 6.15 | 7.60 | 1.20
S5 7.60 | 180.00 | 125.00 | 130.00 170.00 40.00 | 17.00 | 65.45 |6.88 | 7.50 | 1.20
S6 8.05 | 190.00 | 130.00 | 135.00 100.00 30.00 | 6.09 |28.36 |6.90 |6.80 | 2.60
S7 7.52 | 180.00 | 130.00 | 140.00 100.00 24.00 | 9.73 [28.36 |9.56 |6.80 | 2.60
S8 7.46 | 180.00 | 130.00 | 210.00 120.00 24.00 | 10.00 | 63.81 |5.50 |6.80 | 2.70
S9 7.92 | 180.00 | 135.00 | 195.00 90.00 22.00 | 851 |13.47 | 16.50 | 6.40 | 3.80
S10 | 7.98 | 180.00 | 130.00 | 180.00 100.00 30.00 | 6.09 |63.81L |598 |6.30|3.70
S11 | 9.30 | 190.00 | 140.00 | 110.00 80.00 24.00 | 487 |92.17 | 13.50 | 5.20 | 3.60
S12 | 8.67 | 200.00 | 135.00 | 115.00 140.00 20.00 | 21.80 | 28.36 | 8.85 | 6.00 | 1.20
S13 | 8.97 | 200.00 | 140.00 | 130.00 100.00 30.00 | 6.09 |35.45 |556 |5.60|1.20
S14 |8.90 | 195.00 | 140.00 | 150.00 110.00 26.00 | 10.90 | 56.00 |4.90 |5.60 | 1.40
S15 | 8.00 | 195.00 | 135.00 | 240.00 165.00 42.00 | 14.60 | 56.72 | 4.85 | 5.60 | 6.00
S16 | 8.67 | 210.00 | 140.00 | 95.00 115.00 30.00 | 9.73 | 3545 |[4.80 |4.00|1.20
S17 | 8.27 | 220.00 | 150.00 | 100.00 130.00 38.00 | 8.52 |49.63 |7.89 |6.00|8.40
S18 | 8.96 | 240.00 | 160.00 | 215.00 125.00 22.00 | 17.00 | 70.90 | 10.50 | 4.00 | 8.40
S19 | 8.21 | 220.00 | 140.00 | 195.00 150.00 38.00 | 13.30 | 70.90 |9.15 |4.40 | 6.00
S20 | 8.27 | 220.00 | 150.00 | 155.00 150.00 38.00 | 13.30 | 70.90 |24.70 | 4.40 | 13.20
S21 | 8.93 | 210.00 | 140.00 | 75.00 110.00 32.00 | 7.30 | 3545 |9.71 |5.20 | 8.40
S22 |9.21 | 220.00 | 150.00 | 70.00 110.00 26.00 | 10.90 | 28.36 | 7.13 | 4.40 | 5.60
S23 | 7.78 | 210.00 | 140.00 | 80.00 115.00 34.00 | 7.30 | 4254 |8.14 |5.60 |5.60
S24 | 9.55 | 210.00 | 140.00 | 60.00 100.00 26.00 | 851 |35.45 |546 |5.80|1.20
Table.3. Descriptive statistics summary for 11 parameters in the study area
SNO Pr_e Monsoon _ Po_st Monsoon _
Min Max Mean | Deviation | Min Max Mean | Deviation
pH 7.45 9.55 8.33 0.61 8.14 8.70 8.45 0.17
EC 180.00 | 240.00 | 198.96 | 17.26 180.00 | 240.00 | 199.17 | 15.86
TDS 125.00 | 160.00 | 138.33 | 8.03 125.00 | 160.00 | 137.71 | 7.94
Alkalinity | 60.00 | 240.00 | 136.04 | 48.52 35.00 | 170.00 | 101.67 | 27.17
Hardness | 80.00 | 170.00 | 123.75 | 25.72 70.00 | 135.00 | 98.96 | 13.67
Ca** 20.00 | 42.00 |30.67 |7.12 4.00 40.00 | 20.75 |7.84
Mg?* 4.87 21.80 |11.24 | 4.33 6.00 20.40 |11.02 | 3.77
CL 13.47 | 155.80 | 60.40 | 36.72 56.70 | 85.00 |74.24 |9.45
NO3 4.03 24.70 | 9.07 5.39 0.00 28.10 | 6.23 9.53
DO 4.00 7.60 5.85 1.07 3.10 7.60 5.88 1.20
BOD 1.20 13.20 | 4.19 3.09 1.20 12.60 | 4.53 2.60

Principal Component Analysis (PCA): The data is subjected to PCA. PCA generated four principal components.
The eigen values of four components were greater than 1. Fig.2, is a scree plot showing the variation of four
components out of 11 variables in winter season.

Table.4. Extracted values of various PCA parameters (Post Monsoon)

Extraction sum of squared loadings Rotation sum of squared loadings
Eigen Variance Cumulative Eigen Variance Cumulative
Principal component value % % value % %
1 3.752 34.106 34.106 3.564 32.403 32.403
2 2.071 18.826 52.932 2.248 20.433 52.836
3 1.602 14.568 67.500 1.555 14.139 66.976
4 1.082 9.840 77.340 1.140 10.364 77.340
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Figure.2. Scree plot of the eigen values (Post Monsoon)

PCA generated four significant factors which explained 77.34% variance in complete data set. The other
components were eliminated. The factor loadings were classified based on findings of Liu (2003). The first factor
was found with 32.40% variance with highest positive loadings in TDS, EC, chlorides etc. The second factor was
20.43% variance and is positively correlated with DO and calcium. Higher factor loading indicated that there was
strong relation between factors and variables. Similarly the scree plot and variance of components extracted in pre
monsoon were as shown in Fig.3, and Table.5.

Table.5. Extracted values of various PCA parameters (Pre Monsoon)

Extraction sum of squared loadings Rotation sum of squared loadings
Eigen Variance Cumulative Eigen Variance Cumulative
Principal component value % % value % %
1 3.56 32.35 32.35 3.40 30.92 30.92
2 2.67 24.26 56.61 2.34 21.24 52.15
3 1.25 11.36 67.97 1.56 14.21 66.37
4 1.15 10.42 78.39 1.32 12.02 78.39
Table.6. Rotated component factor matrix of variables for two seasons
Pre Monsoon Post Monsoon
Parameter | Components Components
1 2 3 4 1 2 3 4

TDS 0.921 0.180 0.844 | -0.414

EC 0.958 | 0.119 0.895 | -0.292

Chlorides | -0.274 | 0.467 | 0.490 0.760 | 0.177 | -0.137 | -0.160

Hardness 0.975 0.165 0.917 | 0.124

Magnesium 0.720 | -0.212 | 0.374 | 0.160 | -0.721 | 0.447 | 0.221

NOs 0.111 0.855 0.638 | 0.443 | 0.323

pH 0.656 | -0.282 | -0.166 | -0.467 | -0.708 | 0.149 | 0.294 | -0.196

DO -0.879 | 0.186 0.768 | -0.120 | 0.281

BOD 0.575 0.619 | 0.266 0.119 | 0.919

Alkalinity 0.895 | -0.681 -0.420 | 0.279

Calcium 0.712 | 0.305 | -0.208 | -0.245 | 0.787 | 0.311

2
i — )

o

Component Number

Fig.3. Scree plot of the eigen

values (Pre Monsoon)

Rotated component matrix for two seasons was as shown in Table.6.

Table.6, clearly depicts the impact of variables by high factor scores in some of the components. The factor
scores were high for both TDS and EC in both the seasons.
Cluster Analysis (CA): In this study, 24 monitoring stations were grouped into 2 big clusters. Two big clusters were
formed by the CA technique. The sites in the clusters exhibit similar characteristics. It was clear from both the figures
3 and 4, that two big clusters covering all the sampling stations were formed. Cluster 1 grouped eleven monitoring
stations S19 - S9 in pre monsoon season and grouped stations S7 —S2 in post monsoon season.
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Figure.4. Dendogram of CA for 24 sampling stations (Pre Monsoon)
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Fig.5. Dendogram of CA for 24 sampling stations (Post Monsoon)
It was clear that the rapid water analysis and assessment is possible with cluster analysis. In future, the
number of sampling stations can be reduced and will make easy assessment in an optimum manner. Cluster analysis
helps in reduction of time and cost required for sampling and analysis of water quality.

4. CONCLUSION

Multivariate data evaluation techniques help to identify the patterns in the large dataset. In this study, PCA
and CA were used to the surface water quality data of sampling stations of Narsapur water body of Godavari River.
Based on the above results, it was clear that water is not suitable for drinking purpose without treatment. In this
study, temporal and spatial variations were known. PCA was helpful to detect the possible contaminants in the study
area. Two big clusters were obtained covering multiple sampling stations. The results could be useful for future
planning of water quality monitoring and optimize the cost in analysis and selection of monitoring stations.
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