IJCSNS International Journal of Computer Science and Network Security, VOL.19 No.5, May 2019 1

An Application of Principal Component Analysis for the Temporal
Variations in Water Quality Data of Manora Channel: Karachi

Sidrah Ghayas'", Junaid Sagheer Siddiquie?, Suboohi Safdar®, Asif Mansoor*

University of Karachi, University of Karachi, University of Karachi, National university of Science and Technology

Summary

The most important area of the port is the Manora channel, where
the Arabian Sea is connected to the city of Karachi. The
significance is in both economical and ecological means as it
covers the area of 7.17 km?. The current water quality aspects of
the critical deteriorating conditions of Manora channel are due to
multiple factors examples are domestic wastages, sewages
effluents and industrial pollutants. This study is intended to
account the temporal variations and respective conditions of the
water quality of Manora channel during the time period of 1996
to 2014 for the selected certain chemical parameters BCO3s, COD,
pH, Cl, NH3, BOD and SO4 which have been split in all four
different seasons of Karachi to explore. Principal component
analysis is employed to explore the dimensions responsible most
for the temporal variations. This is to be done seasonal wise. Three
varifactors are resulted for the summer and winter season, two
varifactors are resulted for the autumn and summer season. High
factor loadings of BOD and COD contributes the most in all four
seasons, then NH3 and pH are responsible for the water quality
variation in all seasons. In this manner, Nutrient factors and
agricultural runoff and sewage effluents are the sources of
pollutants in all four seasons which affects the marine ecosystems
and marine lives mainly.
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1. Introduction

Sea water is an imperative ecosystem which is the major
concerned of both the environmental and economical
agencies. The reason of contamination of such essential
ecosystem is unnecessary impurities added to the sea.
Variations in sea water quality are naturally occurred when
the pollutants are deposited to the sea water from the very
beginning. Pollution damages the water quality
continuously. The process of dumping industrial toxic
waste and sewage are mainly responsible for the pollution
in seawater. Industries running on the sea water surfaces are
dependable on the seawater quality but also massively
accountable for the deterioration of the sea water. For
instance, oil spilling producing pollution is very commonly
observed from the ships.The environmental changes caused
by the point and non point sources of water pollutants
contributing towards the seawater quality damage and
change of season also lead to the temporally variations in
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seawater quality [1,2]. The physicochemical and biological
seawater quality variation parameters are a result of factors
like storm water runoff, marine traffic and coastal land use
conflicts other than sewage discharges and industrial
dumping. Seawater quality temporal variations have been
examined physical, chemical and biological parameter(s)
by numerous researchers [3, 4, 5]. Many studies have
shown that the changes of physico-chemical and biological
seawater quality parameters are a result of sewage
discharges and other factors such as storm water runoff,
marine traffic and coastal land use conflicts. [6,7,8]
Multivariate techniques are not only well known to
interpret the water quality parameters but also known to be
expert for the spatial and temporal variations in the sea
water quality.[9,10,11,12] The sea water quality holds
inside it many water quality parameters, a researcher must
keen to observe that among these parameters of large data
sets taken for decades, which of them are contributing
massively for the water quality damage. In this regard,
dimension reduction techniques are found to be most
suitable for the accountability of the parameters mainly
contributable to the temporal variations [13,14,15].Factor
analysis(FA) techniques are one of those dimension
reduction techniques which are widely observed to examine
the contributions of the water quality parameters, mostly
factor analysis is proceeded by using principal component
analysis.[16,17,18,19] Principal component analysis(PCA)
derived the data sets to the linear combinations which are
uncorrelated factors and explain the variations of the actual
water quality parameters representing the percentages of
variations.[20,21]

Factor analysis reduces the number of variables involves in
a study by highlighting the contribution of key responsible
variables for the variation. The variables are correlated with
each other. Factor analysis turns these correlated variables
into the uncorrelated variables termed as factors. The linear
combination of the correlated actual variables is generated.
This is accomplished by following principal component
analysis. Principal component analysis establishes the
principal components which are entitled to devise the fewer
factors than the actual given factors of the data sets.[22].
Dimension reduction is conducted in such a way that the
variance which was distributed or contributed by many
provided actual data variables is explained by the new
generated principal components. The first principal
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component explains the most of the variance; the second
principal component explains the variance less than the first
principal component and so on [23,24]. The cumulative
variance is provided by the PCA technique corresponding
to each principal component. Eigen values and the Eigen
vectors are constructed for the correlation matrix of the
actual variables. Only those principal components whose
Eigen values are greater than 1 are to be chosen in the
analysis. Kaiser criterion(KMO Test) is used[25,26,27].
For the adequacy to follow the principal component
analysis KMO test and Bartlett’s test is evaluated. KMO
test observes the correlation between the variables of the
actual data. The value of KMO test lies between 0 to 1 and
the suggested value must be more than 0.5 which to be
considered for the implication of PCA technique. Bartlett’s
test of sphericity is observed to figure out that the
correlation matrix is an identity matrix leading with the
rejection of the null hypothesis to apply the principal
component analysis. ( 23, 28).

Manora channel has been considered to be the study area
by many researchers who has been worked on this area
taking into account many water quality parameters.

Mirza et al(1992) examined the hazardous heavy metals
concentrations(Pb, Zn,As, Cu and Mn ) in the sampling
sites of Karachi coast( Baba channel, Chari Kundi channel
and Manora channel) during December 1994 to November
1985.[29] Mirza Arshad(1995) worked on pollution by
industries and public emissions into the Lyari and Malir
which transfer these pollutants to the sea. Ecological
situations of three costal lines are considered which are
exposed to manmade pollutions majorly which are Manora
Chanel , Gizri Creek and the coastal line between the Gizri
Creek and Manora Channel.S.1.T.E area industrial effluents
and northern and central areas municipal effluents which
entered to the Lyari river are directly introduced to the
Manora channel affecting mangroves and marine habitats
nearby Manora channel.[30], Riffat et, al(2002) observed
the water quality of Baluchistan and Sindh coast (including
Manora channel) during the November to December 2000
by observing pH ,E.C, Salinity and stable carbon isotope
analysis[31].Mashiatullah et. Al (2009)studied physical,
chemical and biological water quality parameters(pH, E.C,
Turbidity, Fecal Coliform) in both low tide and high tide of
Manora channel taking the samples from multiple sites of
Manora channel (Lyari river out fall zone, fish harbor, KPT
Shipyard, KPT Shipyard Butti, Bhaba island, Kemari Boat
Basin, Bhit island , Boat Club , Pakistan Navel Academy,
Manora Lighthouse)[32],Hossam et, al (2009) examined
the salinity, dissolved oxygen, suspended load , organic
matter and total oil and grease volume during July to
November 1999 in various areas including Lyari river
mouth, Korangi creek, Gizri creek, Manora channel and
Karachi harbor representing the north western coastal line
of Arabain sea[33]. Tahira et al(2013) using Shannon and
Weaver diversity index assessed the temporal proportion of

the presence of Diatoms correlating with total
phytoplankton, salinity, temperature, Dissolved Oxygen,
Chlorophyll, Transparency, pH in the two sampling stations
of Manora channel during the year 2002 to 2003[34].
Saleem et al. (2015) used the ERICA software for the
assessment and the hazard evaluation of radiological risk
exposure to the marine lives including Benthic Fish, Plegic
Fish and zookoplantoon[35].

In this study, we intend to examine with water quality
parameters BCO3s, COD, pH, Cl, NH3; BOD and SO4 using
PCA technique to asses seawater quality variation
temporally.

This article is organized as follows: In Section 2, study area
is explained, in Section 3 materials are reported, in Section
4 methods are mentioned, in Section 5 results are given and
in Section 6 discussion and conclusions are described,
Section 7 represent the future recommendations.

2. Study Area

The Manora channel of Karachi Sea surrounds with the
Lyari River, Malir River and Creek River. All of the
wastages and effluents dumped into the sea at last passing
through all of these rivers. Lyari river, Malir River and
creek river are enclosed by the population effluents and as
well as the industrial effluents especially from the Sindh
industrial trading site (S.1.T.E). Manora channel is a
navigational channel composed of the two major locations:
Manora harbor and Kemari fish harbor. The area of Manora
channel is 7.17km? Manora channel linked the Arabian Sea
to the Karachi port. [36,37, 38,39]
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Fig. 1 MAP OF KARACHI HARBOUR

Source: Mashiatullah, A et al 2009[39]
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Fig. 2 VARIOUS LOCATIONS OF MANORA CHANNEL

Source: Mashiatullah, A et al 2009[39]

3. Materials
3.1 Biochemcial Oxygen Demand

BOD means biochemical oxygen demand; it is the natural
degradation process of oxygen in the domestic effluents of
food wastages by the bacteria and fungi. Manora channel
gains BOD every day by both of the domestic and industrial
wastages of the food processing industries in
Karachi.[40]BOD is noticed with the 268.74 mg/l highest
in spring season where as minimum in autumn season with
the amount of 258.72 mg/I on average.

3.2 Chloride

Chloride ions are found abundant in seawater; but there are
human made resources responsible for the chloride ions in
the seawater also. Chloride is introduced to the water in
industries in order to treat them. Consequently increases the
levels of chloride in water. Rock salts also enormously
increases the chloride levels in the water, these are
hazardous for the seaweeds and mangroves lives in
seawater[41].The deicers processes also introduce the
chloride levels in the rivers and groundwater which are
lastly enter to the sea[42] .chloride levels increases the
salinity of the water. Chloride is found to be recorded on
the highest average of 329.02482 mg/l in autumn and on the
lowest average of 317.15246 mg/l in winter season.

3.3 Chemical Oxygen Demand

Oxidization of organic materials from water is required
equivalent number of oxygen which is termed as chemical
oxygen demand.COD is measured by observing the
excessive oxidizing agent remains in the sample after the
introduction of oxidant like permanganate or dichromate in
the water when FeSO4 used as a titrant[43].COD is
noticeable with the highest mean 649.6 mg/l in spring
season and lowest mean of 622.2 mg/l in autumn season.

3.4 Ammonia

Ammonia is the unionized form of a nutrient which is
composed of hydrogen and nitrogen. Increased in
Ammonia levels are highly toxic for the aquatic lives of
fishes specially [44] .ammonia levels are toxic to
photosynthetic processes as well as high salinity and high
pH values introduces great ecological imbalances to the
marine lives [45].When it is excreted by plants and animals,
it actually introduces nitrogen in the water bodies which is
a sign of increased growth of algae. The source of emission
of ammonia can be sewage effluents as well as the
industrial effluents of fertilizers mainly [46].NH3s is
computed on average of 9.064mg/l at greatest in spring and
8.641 mg/l minimum in summer.

3.5 Bicarbonates

BCOs shows the presence of bicarbonates in the
water.BCO3 are the commonly bicarbonates of calcium,
Magnesium, sodium ions[47].BCOz is reported at the
maximum amount of 305.37 mg/l in spring and minimum
amount of 292.02 mg/l in summer.

3.6 Sulphate lon

The sources of pollutants of SO4 to the sea water is sewage
effluents and as well as industrial effluents. The waste
water treatment also produces the sulphate ion in the water,
the sulphate deteriorates the marine life and brings massive
ecological disturbances [48,49]. SO4 is found to be
maximum on average in the season of winter with 141.84
mg/l and minimum on average in the season of summer
with 139.29mg/I.

3.7 Potential Hydrogen

Effects of the pollutants in seawater, deteriorates the ph of
seawater. pH is chemical property of seawater which is
mainly responsible for the pure ecosystems; it effects the
marine life, aquatic microorganisms, chemical reactions
occurring in the sea and other balances of ecosystems.
Decrease in pH values are termed as acidification of
seawater. Decrease in pH values are observed due to the
transfer of fossil fuel CO, [50,51].The emissions of fossil
fuel CO, are increasing day by day. Uses of natural gas,
cement production emissions and the use of gas flare which
involves the consumption of gases for petroleum refineries,
chemicals and processing plants of natural gas [52].
Decrease in pH values are hazardous for many species in
the seawater like sea urchin (psammechinus miliaris),
marine copepods ( acrtia steueri and acartia erythraea) ,
lamellibranch mollusc. And bivalve Mytilus edulis
[53,54,55,56]. The pH values are maximum in autumn
season on average of 7.32 and minimum in summer season
on average of 7.19.
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4. Methods

e Monthly data is recorded for the variables BCOs,
COD, pH, Cl, NH3 BOD and SO4 from the year
January 1996 to December 2014 by following the
APHA(American Public Health Association)
guidelines.

e According to the climate of Karachi, data sets are
divided into four seasons: Spring, Summer,
Autumn and Winter [57], the descriptive statistics
are reported in Table(1).

e To make dimensionless measurements before
factor analysis, it is important to first standardized
the parameters using Rank based inverse normal
transformations[58]

e To check adequacy of PCA, KMO Test and
Bartlett’s Test are assessed(Table (2))

e |If the KMO and Bartlett’s Test allow the
implication of PCA, then evaluate rotated
component using Varimax rotation for parameters
with four temporal datasets[59].(Table (3) to

Table(6)).
e  Statistical analysis is carried out by using IBM
SPSS 20.0
5. Results

Chemical parameters are examined season wise,
descriptive statistics of parameters are computed for every
season for the years January 1996 to December 2014 as
shown in table(1).

Table 1: Summary Statistics

COD 207.7 951 622.2 196.19
pH 6.52 8.43 7.32 0.4
NH; 6.45 10.33 8.948 0.977
SO, 99.23 191.1 140.69 29.066
BCO; 147.45 482.2 304.84 81.648
CHILORIDE 201.03 567.5 329.02842 || 102.93196
Winter
Parameters minimum [ maximum Mean 32%?;1352
BOD 193 376 262.98 59.027
COD 207.28 981.3 643.3 203.68
NH; 6.3 10.51 8.962 1.02
pH 6.37 8.47 7.28 0.4
SO, 100.46 192.27 141.84 28.846
BCO; 143.08 483.45 300.21 87.652
CHILORIDE 189.3 567.15 317.15246 || 96.929531

Spring
Parameters minimum [ maximum Mean 326\‘/?gt?gﬁ
BOD 191.88 380 268.74 59.769
COD 239.95 952.72 649.6 202.63
pH 6.34 8.32 7.25 0.4
NH; 6.66 11.07 9.064 1.05
SOy 99.76 186.02 141.46 27.481
BCO; 149.7 478.26 305.37 85.134
CHILORIDE 201.46 560.23 326.86825 || 100.08908
Summer
s - ndar
Parameters minimum || maximum Mean 32% a(\jt?og
BOD 191.86 360 261.8 56.225
COD 239.72 979.35 632.22 198.26
pH 6.13 8.45 7.19 0.44
NH;3 6.07 10.42 8.641 1.071
SO, 95.09 191.14 139.29 29.053
BCO; 151.71 474.77 292.02 78.827
CHILORIDE 198.45 561.54 319.17228 || 103.05494
Autumn
Parameters minimum [ maximum Mean gg%?gt?gg
BOD 191.98 369.31 258.72 53.477

Sea water quality variations are observed season wise. For
the application of principal component analysis Kaiser
Mayer Measure Of Adequacy and Bartlett’s test is
evaluated, the results shows the adequate application of
PCA on the data sets for each season: summer, spring ,
winter and autumn. In table (2) Kaiser Mayer Measure Of
Adequacy is greater than 0.5 for all seasons and significant
Bartlett’s test of spherecity imply the suitability of the
principal component analysis for seasonal wise approach
for the contribution of variation in water quality from the
selected chemical parameters.

Table 2: Kaiser Mayer Measure Of Adequacy and Bartlett’s Test

Kaiser Measure Of Bartlett’s -
Seasons Mayer Adequacy Test Conclusion
SPRING 0.626 >0.5 0.000 significant
SUMMER 0.665 >0.5 0.000 significant
AUTUMN 0.716 >0.5 0.000 significant
WINTER 0.625 >0.5 0.000 significant

5.1 Spring Season Analysis

Spring seasons variation is split into two components by
PCA as shown in table(3). Componentl explains the
variance by 33.104% with high factor loadings of BOD and
COD. Componentl is due to the nutrient effluent as the
BOD is the amount of oxygen demand in degradation
processes of food wastages of both domestic and industrial
food wastages by bacteria and fungi. Similarly COD
describes the oxidization of organic material from water
required equivalent number of oxygen. So both COD and
BOD imbalances, disturbs the level of oxygen in the water
ecosystem  which is very harmful for marine
lives.Componnet2 explains the 23.056 % with high
loadings of Cl and SO4.component 2 shows the increased
influence of the treated waste water entrance in the sea as
chloride ions and sulphate ions are used and the byproduct
of waste water treatment respectively, mainly describes
sewage and industrial effluents.
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Table 3: Varimax factors for spring season analysis

PARAMETERS Varimax factorl | Varimax factor2
BOD 0.826
COD 0.815
PH 0.680
NH3 0.666
SO, 0.879
BCO; 0.204 0.528
CHILORIDE 0.152 0.766
% of variance explained 33.104 26.056

5.2 Summer Season Analysis

Summer season shows the three Varimax components as
shown in table (4), contributing 28.431% of total variance
described by the component 1 with the high factor
loadings of BOD and COD. It shows the effect of nutrient
effluents on seawater quality. 23.215% of total variance
described by the component 2 with high factor loadings of
pH and NH3. It majorly explains the agricultural and
industrial effluents. 21.765% of total variance explained
by the component3 with high factor loadings of Cl and
SOu. It describes the industrial and sewage effluents and
treatment of waste water.

Table 4: Varimax factors for summer season analysis

Varimax Varimax Varimax

PARAMETERS factorl factor2 factor3
BOD 0.919 0.163 0.123
COoD 0.924 0.156 0.156

PH 0.337 0.746 -2.11

NH3 -0.31 0.748 0.132

SO, -0.23 0.224 0.825
BCO; 0.271 0.632 0.388
CHILORIDE 0.321 -.097 0.769

% of variance

explained 28.431 23.215 21.765

5.3 Autumn Season Analysis

Analyzing the autumn season‘s factors contributing toward
maximum variance explained, it splits the data sets into two
components as shown in table(5). Componentl with high
factor loadings of BOD, COD and pH. It described the
37.133% of total variance. Component 1 explains clearly
nutrient and industrial effluent impacts on seawater quality
variations and changes in level of pH. Decreased or
increased oxygen levels due to BOD and COD and pH
levels imbalances are the major factors which destroy the
water quality. Component 2 describes the 23.754% of the
total variance explained with high factor loadings of Cl and
SOu.treament of wastewater and other impacts of sewage
and industrial waste shows the variation in water quality
explained by component 2.

Table 5: Varimax factors for Autumn season analysis

PARAMETERS Varimax factorl | Varimax factor2
BOD 0.806 0.268
COD 0.751 0.278
PH 0.733 -1.44
NH3 0.596 .299
SO, 0.798
BCO; 0.650 0.353
CHILORIDE 0.252 0.802
% of variance explained 37.133 23.754

5.4 Winter Season Analysis

Varimax rotation divided the factors into three components for
winter season as shown in table(6). Maximum variance is
described by the factors BOD and COD with 28.419 % of
variance explained that is it describes the nutrient effluents.
Component 2 explains the 23.402% of the variance described by
the pH and NH3 shows impacts of agricultural effluents and the
component 3 explains 14.688% of the variance described by SO4
shows the waste water treatment and industrial effluents.

Table 6: Varimax factors for winter season analysis

Varimax Varimax Varimax
PARAMETERS factorl factor2 factor3
BOD 0.914 0.226
COoD 0.873 0.311 0.114
PH 0.210 0.865
NH3 0.128 0.721 0.199
SO4 0.915
BCO3 0.233 0.412 0.582
CHILORIDE 0.525 -0.216 0.568
% of variance
explained 28.419 23.402 14.688

6. Conclusion

Seasonal analysis of seawater quality parameters are described
with high factor loadings and Varimax factors in table 7.

Table 7: seasonal Varimax factors analysis of parameters
Effluent High factor Component
parameters sources loadings Seasons number
Nutrient Spring, summer, .
BOD effluent v?integr, autumn varifactorl
Nutrient Spring, summer, -
CoD effluent V\F/)integr, autumn varifactorl
varifactorl in
- . spring,
NH, | Agricultural | Spring, summer, |\ rifacior? in
winter and
summer
Varifactorl in
spring and
H Industrial Spring ,summer, autumn.
p effluent winter, autumn Varifactors 2
in winter and
summer
Varifactors 2
Industrial Spring, summer, in spring and
CL effluent winter autumn,
varifactors 3
in summer.
Varifactors 2
in spring and
so Industrial Spring, summer, summer ,
4 effluent winter, autumn varifactors 3
in winter and
autumn




6 IJCSNS International Journal of Computer Science and Network Security, VOL.19 No.5, May 2019

The BOD and COD are found to be the greatest responsible
factors which contribute to the maximum of total variance among
all four seasons, highlighting the high factor loadings at the
principal component factor 1 among all four seasons. It indicates
that among all four seasons the nutrient waste factor dominates.
pH shows dominant loadings in all four season but at different
varifactors. It shows the pH levels disturbances due to industrial
effluents of cement production, petroleum refineries, chemical
and processing plants of natural gas.NH3 shows high loadings in
spring, summer and winter season because of excessive
introduction of nitrogen to the water body by biological excretion
and fertilizer making industries. Cl and SO4 shows high factor
loadings in spring, summer &winter, and only SO4 in autumn
defining the waste water treatment. Increasing Cl to the seawater
increase salinity of water.BCO3 does not shows any high factor
loadings in all four seasons, so the water quality does not effected
by bicarbonates of calcium, magnesium and sodium .overall,
nutrient effluents, industrial effluents and agricultural run-off
deteriorates the water quality.

7. Future Work

Further this work can be proceeded with the extraction of principal
components(PCs) from Principal Component Analysis and using
these PCs for the prediction of water quality parameters by using
Neural Network techniques.
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