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Abstract. Environmetric techniques such as hierarchical cluster analysis (HCA), discriminant analysis
(DA) and principal component analysis (PCA) methods are applied to investigate spatial variation and
potential pollutant sources of surface water quality data of the Malacca River in Malaysia. HCA
categorized three different cluster regions, namely Cluster 1 or LPS, Cluster 2 or MPS, and Cluster 3 or
HPS. DA resulted in nine discriminant variables, namely turbidity, TSS, pH, BOD, COD, E. coli, As, Zn,
and Fe. PCA indicated six components in HPS and MPS with total variance of 84.9% and 84.4%, while
LPS result five components had a total variance of 77.1%. Generally, major sources of pollution are
agricultural, residential and wastewater treatment plants, domestic and commercial waste, industry, as
well as animal husbandry. The present study provides useful information for local authorities to identify
sources of pollution of the examined area and effectively in proper management for land use area.
Additionally, the study also helps in understanding river water quality within the basin and provides a
database for future reference in developing water policies.
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Introduction

Water resources have been depleting in recent year. According to worldwide
statistics for water pollution developing countries produce 70% of industrial wastes that
are dumped untreated into water and that an average of 99 million pounds (45 million
kilograms) of fertilizer and chemicals are used each year (National Geographic Portal,
2016). This situation is no exceptional in Malacca River. Currently, the river has been
reported to be contaminated and cause death to various fish species (Hua, 2015a, 2015b;
Metro Online, 2015; Daneshmand et al., 2011; Nasbah, 2010). The state government
has taken actions in terms of law enforcement (Hua, 2015a), policies for water resources
(Hua, 2015b), exposure through religious and moral education (Ang, 2014), and public
awareness about the importance of the environment (Hua and Marsuki, 2014),
especially riverine water resources. However, the implementation of such projects to
preserve river water quality by the state government still has not changed levels of water
pollution to a lower level. The problem still persists even up to a higher level and has
become more dangerous. Hence, the major pollutants from the main sources of pollution
should be investigated and determined, especially in terms of spatial variation in the
Malacca River.

Hierarchical cluster analysis (HCA), discriminant analysis (DA), and principal
components analysis (PCA) are categories in environmetric methods that have been
successfully applied in hydrochemistry especially in surface water, groundwater quality
assessment, and environmental research (Mustapha et al., 2013; Najar and Khan, 2012;
Samsudin et al., 2011). These methods have the ability to define all possible influences,
including hidden information in an environmental water quality data set and offering
greater possibilities in decision making process (Aris et al., 2013). Generally, HCA
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technique able to divides a large number of objects into a smaller number of
homogenous groups on the basis of their correlation structure (Voyslavov et al., 2012),
DA has the advantage of discriminating variables between two or more naturally
occurring group (Singh et al., 2011), and PCA is used to extract important information
from raw data, compress large size data by storing only important information,
simplifying the description of data set, and analyzing the observations and variables
together (Abdi and Williams, 2010). Therefore, this research study has been carried out
to analyze the current condition of river water with quality based descriptive statistics,
and to identify the main source of pollution using HCA, DA and PCA techniques in
terms of spatial variation in the Malacca River.

Methodology
Description of Study Area

The Malacca River has a total catchment area of approximately 670 km?. The river
lies within latitudes 2°23°16.08”N to 2°24°52.27”N and longitudes 102°10°36.45”E to
102°29°17.68”E in Malaysia. Malacca River have 80 km in length and only 7 sub-
basins are selected in the study, namely the Kampung Kelamak sub-basin, Kampung
Sungai Petai sub-basin, Kampung Panchor sub-basin, Kampung Harmoni Belimbing
Dalam sub-basin, Kampung Tualang sub-basin, Kampung Cheng sub-basin, Kampung
Batu Berendam sub-basin (Fig. 1). There is a reservoir located between Alor Gajah and
Malacca Central districts along the rlver namely Durian Tunggal Reservoir, which has
a catchment approximately 20 km? and acts as a source of water supply to Malacca
residents.

The climate in the study area is characterized as uniformly average annual
temperatures, high rainfall, and high humidity. These conditions impact on the
hydrology and geomorphology of study area. The study area experiences two seasons,
namely a dry season from January to March and a wet season from April to November.
Normally, the weather consists of a South-West monsoon blowing across the Straits of
Malacca, and the area easily experiences flooding. The selected study area can be
categorized as impacted and non-impacted, which lie between Kampung Harmoni
Bellmblng Dalam sub basin to Kampung Batu Berendam sub basin with an area of 68
km? and Kampung Kelemak sub basin to Kampung Panchor sub basin with an area of
12 km?, respectively.

Water quality data in this study were obtained from Department of Environment
(DOE), Ministry of Natural Resource and Environment of Malaysia, and are
concentrated on 9 stations along the main Malacca River (Table 1). The availability data
were recorded from January to December of 2014 for all 9 sampling sites representing 7
sub-basins as previously described across the Alor Gajah and Malacca Central Districts.
Generally, the parameters of river water quality consist of physic-chemical parameters
(i.e. pH, temperature; electrical conductivity (EC); salinity, turbidity, total suspended
solids (TSS); dissolved solids (DS); dissolved oxygen (DO); biochemical oxygen
demand (BOD); chemical oxygen demand (COD); ammoniacal-nitrogen(NH3zN); trace
elements (i.e. mercury (Hg), cadmium (Cd), chromium (Cr), arsenic (Ar), zinc (Zn),
lead (Pb), and iron (Fe); and biological parameters (i.e. Escherichia coliform and total
coliform). All samples are analyzed based APHA (2005) method.
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Figure 1. 7 sub-basin with 9 sampling stations along Malacca River. The Data and Monitoring
Site
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Table 1. The latitude and longitude of sampling stations.

Station Latitude Longitude
Sl 02°21°57.41"N 102°13°7.10"E
S2 02°21°30.16"N 102°13°18.20”E
S3 02°20°49.52”N 102°14°36.44”E
S4 02°19°41.70"N 102°15°27.30”E
S5 02°17°48.86"N 102°15°39.51”E
S6 02°15°46.55"N 102°14°10.72”E
S7 02°14°5.02”N 102°15°24.67E
S8 02°13°14.33”N 102°14°35.01”E
S9 02°12°23.42”N 102°15°0.80”E

Source: Global Positioning System

Water Quality Analysis and Data Analysis

The river water quality data was analyzed using Statistical Package for Social
Science version 19 (SPSS 19) for descriptive analysis and environmetric techniques
based HCA, DA, and PCA. In HCA, Wards method through variance analysis was
used to evaluate distance between clusters with minimal sum of squares (SS) for any
two clusters formed at each step (Mustapha et al., 2013; Najar and Khan, 2012;
Samsudin et al., 2011); follow by squared Euclidean distance used to measuring
similarity between two samples and distance that can be represented by different
between analytical values from the samples (Mustapha et al., 2013; Najar and Khan,
2012; Samsudin et al., 2011); and the results are provided through a dendrogram
grouping the high similarity with small distances between cluster (Gazzaz et al.,
2012). The present study employed HCA to investigate grouping of sampling sites
(spatial). Meanwhile, DA determines variables through discriminate between two or
more groups or cluster (Gazzaz et al., 2012; Samsudin et al., 2011), as expressed in the
equation below:

f [:G:j = ki + E;‘z:l WE_J'PE'_;.' (qu)

where i is the number of groups (G), ki is the constant inherent to each groups, n is
the number of parameters used to classify a set of data into a given group, and w;; is the
weight coefficient assigned by DF analysis (DFA) to a given parameter (Pj). The
present study applied DA to determine that the means of the variables differ within
groups and to predict the pattern. HCA results are applied into DA using standard
stepwise, forward stepwise, and backward stepwise modes to develop the DFs in
evaluating spatial variations of river water quality. Generally, dependent variables are
the sampling stations (spatial), while independent variables are all other parameters
involved. Next PCA, with the ability to provide information on most significant
parameters due to spatial and temporal variations, defines the whole data set by
excluding less significant parameters with minimum loss of original information (Singh
et al., 2011), which is explained by the equation below:

zi}' = aiixi}' + ﬂ'iixﬂj + ot ﬂ’imxm}' (qu)
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where z is the component score, a is the component loading, X is the measured value of
the variable, | is the component number, j is the sample number, and m is the total number
of variables. Normally PCA will undergo procedure like (1) for original data to be
reduced to dominant components or factors (source of variation) that influence the
observed data variation, and (2) whole data set will be extracted through eigenvalues and
eigenvectors from the square matrix produced by multiplying data matrix (Aris et al.,
2013). The main condition is that eigenvalues should more than 1 to be considered as
significant (Juahir et al., 2011) to perform new group of variable namely Varimax Factor
(VFs). Generally, VFs coefficients that have a coefficient of more than 0.75 are
considered as ‘strong’, while 0.75 to 0.05 are moderate and 0.50 to 0.30 are weak (Juahir
et al., 2011). The present study applied PCA to the normalized data set (20 variables)
separately based on the different spatial regions obtained from the HCA technique.

Results and Discussions

Descriptive analysis through mean and standard deviation for physico-chemical
parameters, biological parameters and trace metal for year 2014 can be obtained from
Table 2. Majority pH, temperature, and trace metal are in clean condition, except for
iron in station 6 and station 9 that resulted in a class 3 ranking. Continuously, physical
parameter showing salinity (in station 1 to station 3 and station 7), turbidity (in station
3, station 6 and station 8), electrical conductivity (in station 1 and station 6), dissolved
solid (in station 1 and station 7), and total suspended solid (in station 6) resulted in class
5; while class 4 with total suspended solid and turbidity resulted in station 4, station 5,
and station 9. Only electrical conductivity (in station 2 and station 3), turbidity (in
station 1 and station 2), and dissolved solid (in station 2) are class 3; and other stations
still remain clean (Table 3). Chemical parameter shows only biochemical oxygen
demand and ammoniacal nitrogen are in class 5 and class 4, which is from station 1 to
station 3 and station 6 to station 8. Meanwhile, mean analysis indicates biochemical
oxygen demand (in station 4, station 5, and station 9), chemical oxygen demand (in
station 1 to station 3 and station 7 to station 8), dissolved oxygen (in station 1 to station
3 and station 7), and ammoniacal nitrogen (in station 4) are in class 3, while the other
stations remain class 2 and class 1. For biological parameters, majority total coliform is
in class 5; and E. coli resulted in class 5 (in station 1 to station 2 and station 8), class 4
(station 3, station 6, station 7 and station 9) and class 3 (in station 4 and station 5).

Table 2. Mean and standard deviation values of water quality data along Malacca River for
years 2014 (n=20)

(Category s1 ) s3 sS4 S5 6 s7 S8 s9
pH g" 6.84 6.67 6.61 7.01 6.84 6.95 7.05 7.00 6.82
o | 037 036 0.57 057 0.28 0.16 0.27 0.46 0.28
Temp g" 27.73 27.98 28.32 28.79 27.93 27.20 28.33 27.41 | 27.41
> | o081 111 1.33 1.62 152 1.01 117 1.04 115
Sal g" 26.22 3.74 263 0.08 0.05 0.04 8.02 032 0.05
> | 1368 1.47 221 0.07 0.01 0.01 7.88 0.18 0.01
EC g" 30108.25 | 2559.50 | 3235.75 15075 | 10483 | 9642 |13207.00 | 966.08 | 99.25
> | 1337057 | 221123 | 2376.98 113.77 23.82 2701 |12635.49 | 29343 | 22.64
TSS 2" 36.00 33,58 56.83 16358 | 17150 | 30433 | 38.08 4858 | 165.75
2| 1025 12.53 14.97 18069 | 23395 | 36356 | 36.84 1522 | 235.83
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DS g/'19035.17 2870.25 | 1352.25 79.10 57.08 4700 |7587.42 | 51425 | 5353
D | 9377.89 | 187400 | 74168 57.44 12.47 10.86 | 757501 | 180.77 | 12.79
Tur g/' 93.56 96.42 684.39 20535 | 28427 | 41954 | 2925 | 30834 | 26561
| 4267 32.63 33311 266.86 | 47364 | 55240 | 37.17 8325 | 489.32
BOD g/' 7.08 12.33 13.42 5.33 550 7.00 6.67 10.67 5.58
ol 211 3.89 6.54 2.64 321 4.07 0.89 4.14 3.63
cob g/' 35.00 45.08 33.67 19.00 19.75 20.58 25.83 49.67 19.25
o| 693 22.91 8.28 10.63 11.14 10.35 5.37 15.44 10.45
DO g" 359 3.98 4.07 6.85 6.48 6.47 313 7.06 6.50
D| 124 0.62 113 1.50 0.39 091 1.00 2.86 0.48
NH;N g" 213 431 5.26 052 033 0.36 2.97 271 0.39
o 163 1.98 0.63 0.33 0.25 0.25 1.56 0.67 0.26
As 2" 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
o| 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Hg 2" 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
o| 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cd 2" 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
o| 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cr 2" 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
o| 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pb g" 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
o| 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Zn g" 0.07 0.05 0.04 0.06 0.05 0.05 0.05 0.04 0.06
o| 005 0.02 0.00 0.05 0.02 0.03 0.02 0.01 0.02
Fe 2" 0.33 0.17 051 078 0.88 118 0.15 0.30 1.35
o| 048 0.13 033 0.72 0.63 0.94 0.19 0.27 0.95
Coliform g/l 78483.33 124985.00 127756.67 85416.67 131695.83 | 147358.33 |193783.33 | 195308.33 |132550.00
D 78964.14 70669.60 89245.44 124363.13 150479.25 76150.54 206523.28 | 180044.57 | 71782.33
E. coli g/l 168675.00 57133.33 38316.67 5034.50 7001.33 25816.67 49697.50 63091.67 13010.17
D 140418.16 57478.92 33913.66 7766.57 4670.18 38827.10 83867.26 35300.31 11429.03

(M means Mean; SD means Standard Deviation; Tur means Turbidity; DS means Dissolved Solid;
Con means Electrical Conductivity; Sal means Salinity; Temp means Temperature; DO means
Dissolved Oxygen; BOD means Biochemical Oxygen Demand; COD means Chemical Oxygen
Demand; TSS means Total Suspended Solids; pH means Acidic or Basic water; NH3N means
Ammoniacal Nitrogen; E. coli means Escherichia Coliform; Coli means Coliform; As means Arsenic;
Hg means Mercury; Cd means Cadmium; Cr means Chromium; Pb means Lead; Zn means Zinc; Fe
means Iron; SD means Standard Deviation; S1 to S9 means Station 1 to Station 9)

Table 3. National Water Quality Standards for Malaysia (adapted from Malaysian DOE,
2012).

Category Class

| HA 11B 11 v \Y

pH

8 6.5-85 6-9 5-9

Temp

(°C) - Normal+2°C - Normal+2°C - -

Sal

(%) 05 1 - - 2 -

EC

(uS/cm) 1000 1000 - - 6000 -
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TSS
(mg/L) 25 50 50 150 300 300
DS
(mg/L) 500 1000 - - 4000 -
Turbidity
(NTU) 5 50 50 - - -
BOD
(mg/L) 1 3 3 6 12 >12
COD
(mg/L) 10 25 25 50 100 >100
DO
(mg/L) 7 5-7 5-7 3-5 <3 <1
NH;N
(mg/L) 0.1 0.3 0.3 0.9 2.7 >2.7
As
(mg/L) - 0.05 0.05 0.4 (0.05) 0.1 -
Hg
(mg/L) - 0.001 0.001 0.004(0.0001) 0.002 -
Cd
(mg/L) - 0.01 0.01 0.01 (0.001) 0.01 -
Cr
(mg/L) - 0.05 0.05 1.4 (0.05) 0.1 -
Pb
(mg/L) - 0.05 0.05 0.02 (0.01) 5 -
Zn
(mg/L) - 1 1 3.4 0.8 -
Fe
(mg/L) - 1 1 1 1(leaf)5(others) -
Coliform
(count/100mL) 100 5000 5000 5000(20000) 5000(20000) > 50000
E. coli
(count/100mL) 10 5000 5000 50000 50000 > 50000

(Tur means Turbidity; DS means Dissolved Solid; Con means Electrical Conductivity; Sal means
Salinity; Temp means Temperature; DO means Dissolved Oxygen; BOD means Biochemical Oxygen
Demand; COD means Chemical Oxygen Demand; TSS means Total Suspended Solids; pH means
Acidic or Basic water; NH3N means Ammoniacal Nitrogen; E. coli means Escherichia Coliform; Coli
means Coliform; As means Arsenic; Hg means Mercury; Cd means Cadmium; Cr means Chromium;
Pb means Lead; Zn means Zinc; Fe means Iron

Analysis of HCA is shown in Figure 2 for nine sampling stations along Malacca
River, indicating that 3 clusters have been identified from the techniques. Cluster 1
consists of S1 (Kampung Kelemak sub-basin), S2 (Kampung Sungai Petai sub-basin),
and S3 (Kampung Panchor sub-basin); cluster 2 consists of S4 (Kampung Harmoni
Belimbing sub-basin), S5 (Kampung Tualang sub-basin), and S6 (Kampung Cheng sub-
basin); and cluster 3 consists of S7 (Kampung Batu Berendam sub-basin), S8, and S9.
Generally, cluster 1 is considered as low-pollution sources (LPS) because a majority of
land area is used for agriculture, animal husbandry, and residential activities; while
cluster 2 is considered as middle-pollution sources (MPS) due to the land used area is
residential and industrial activities; and cluster 3 are high-pollution sources (HPS) due
to the residential, sewage treatment plant, commercial, and industrial activities.

DA techniques are used to evaluate the possibility changes in land used based on the
3 cluster that resulted from HCA output. The results indicate that clusters in standard
mode for 20 variables are 91%, forward stepwise mode for 5 variables are 79%, and
backward stepwise mode for 9 variables are 87%. Therefore, backward stepwise mode
is considered for further analysis, which have turbidity, total suspended solid, pH,
biochemical oxygen demand, chemical oxygen demand, E. coli, arsenic, zinc and iron.
A box and whisker plot of water quality parameter for 2014 are shown in Figure 3.
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Figure 2. Hierarchical cluster analysis (HCA) through Ward Linkage method to generate
dendogram

PCA was applied to the data set to compare the compositional patterns between the
examined water parameters and to identify the factors that influence each of the
identified regions (e.g. HPS, MPS and LPS). Six PCs were obtained for HPS and MPS
regions, while only five are resulted from LPS region, which have eigenvalues more
than 1 with the total variance of 84.9%, 84.4%, and 77.1%, respectively. Corresponding
principal components, variable loadings, and variance are explained based on Table 4.

HPS

The principal component 1 loadings with 20.8% of total variance include strong
positive loadings for salinity, EC and DS; weak positive loadings include pH and
NH;3N; and weak negative loadings include DO. The elements of salinity, NH3N, DO,
and DS, are connected with extensive pesticide usage for agricultural activities in oil
palm and rubber plantations, and animal husbandry (e.g. chicken, cow, goat and pig
farm) carried out within the Malacca River basin. Meanwhile, EC components are
possibly connected with the erosion of riverbank due to dredging in the river.
Continuously, principal component 2 loadings with total variance of 19.5% have strong
positive loadings for TSS, turbidity, and Fe; moderate negative loading for temperature;
and weak negative loadings for pH and NH3N. Turbidity and TSS are related with soil
erosion caused by interruption from human activities and hydrologic modifications (e.g.
dredging, water diversions, and channelization) (Deneshmend et al., 2011), urban
development areas involving land clearing (Najar and Khan, 2012), and the erosion of
road edges due to surface runoff (Juahir et al., 2011). The forest or agriculture land
converted into urban areas may negatively impact the ecosystem (Ghumman, 2011) of
the Malacca River basin in form of mud floods, landslides and river floods. The Fe
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element is possibly connected with industrial activities such as electroplating, and the
NH3N is likely related to domestic waste and agricultural runoff.

Next, principal component 3 loadings with total variance of 12% indicate strong
positive loadings of pH and DO; moderate positive loading for COD; and weak positive
loading for NH3N. On the other hand, principal component 4 loadings with total
variance of 11.5% resulted in strong positive loading for BOD; moderate positive
loading for COD; weak positive loading for NH3N; and weak negative loading for Fe.
The factors explained by considering the chemical components of various
anthropogenic activities that constitute point source pollution from industrial effluents,
domestic waste water, commercial activities and wastewater treatment plants, including
agricultural runoff area that located at Kampung Batu Berendam sub-basin and in the
urban area. Basically, Fe representing one of the metal groups that originating from
industrial effluents. Principal component 5 loadings explained total variance of 10.7%
with strong positive loading for As; weak positive loadings of NH3N and E. coli; and
strong negative loading for Zn. The NH3N is suspected to be from agricultural runoff
using inorganic fertilizer (Aris et al., 2013), which is able to explain the decomposition
of nitrogen containing organic compounds through degradation process of organic
matter (Najar and Khan, 2012), and the conditions are strongly supported by the
occurrence of As used in agriculture fields to produce pesticide waste. E. coli are
strongly related to municipal wastes and animal husbandry. Lastly, principal component
6 loading has total variance of 10.4% with strong positive loadings for E. coli and
coliform, which strongly explains that the factors are related to municipal sewage and
wastewater treatment plants (Samsudin et al., 2011) along the Malacca River, especially
in urban regions.

MPS

Principal component 1 loadings explain total variance of 19.7% with strong positive
loadings of salinity, EC, and DS; moderate positive loading for coliform; and weak
positive loading for pH. As describe in HPS, salinity, EC and DS are subjected from
agricultural runoff and animal husbandry activities. The factor to cause coliform are
related to municipal wastes, oxidation ponds, and animal husbandry, where large
amount of oxygen used up by the bacteria decreases the DO availability to cause
anaerobic fermentation process to produce organic acids (Juahir et al., 2011). Therefore,
hydrolysis process leading to acidic material to cause water pH values to decrease.
Continues, principal component 2 loadings resulted total variance of 16.1% with strong
positive loadings of BOD and COD; and moderate positive loadings of TSS and
turbidity. TSS and turbidity elements are subjected to construction activities and urban
development that carry out in Kampung Tualang sub basin and Kampung Cheng sub
basin, where most activities are happen near to the stream areas and increase the
sediment deposited in the river. The condition become worst when overland inputs,
stream-bank erosion, and bedload sediments during storm flow (Mustapha et al., 2013)
are entering the river. BOD and COD are related to anthropogenic pollution sources and
are possibly come from point source pollution such as sewage treatment plants and
industrial effluents. Principal component 3 loadings with total variance of 15% have
strong positive loading for NH3N; moderate positive loading for temperature; weak
positive loading for pH; moderate negative loadings of TSS and turbidity; and weak
negative loading for Fe. As describe previously, NH3N are related to domestic waste
and agricultural runoff that highly usage of fertilizer and pesticides, which possibly to
increase nitrogen levels and cause decreasing to water pH values.
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Figure 3. Box and whisker plots of some parameters separated from DA associated with water quality data of Malacca River. H means high, M means
middle, L means low pollution.
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Table 4. Varimax rotation PCs for water quality data based on two clusters within Malacca River basin.

Variables LPS MPS HPS
1 2 3 4 5 1 2 3 4 5 6 1 2 3 4 5 6
pH .088 415 .530 -.044 -416 .362 .261 .306 .088 .302 730 372 -.301 771 -.063 -.011 -.142
Temp -.058 -.142 .650 .266 .021 .022 -.042 .635 -.221 .488 .077 .045 -.694 -.226 -.162 =221 .006
Sal .941 -.009 -.207 -.018 124 .955 -.149 .078 -.098 -.031 .064 961 -.088 .006 -.006 .086 .052
EC .964 -.080 -.089 -.067 .055 922 -214 .166 -.095 -.034 121 971 -.105 -.027 -.022 .039 121
TSS -219 132 .843 130 226 -.098 .595 -.653 .230 -.009 -.164 -.040 912 -122 -.002 -.193 -.050
DS 931 .009 -.026 -.031 -.083 .926 -.203 .205 -.084 -.012 .043 .938 -.128 -.055 -.037 .010 177
Tur -.381 -.481 .253 420 373 -.099 .565 -.602 371 -.006 -.237 -.190 874 -.071 .283 .034 .065
DO -.136 .654 429 .346 -122 -.113 .071 .295 -.097 757 .069 -.319 272 .828 -.099 -.073 -.041
BOD -.619 .683 .072 .029 -.033 -.168 .928 -.188 101 .008 -.075 -.050 167 -.221 .894 -.002 .083
COoD -.233 .629 -473 .295 -.090 -.189 .905 .081 .099 135 .023 -.087 .009 .624 727 .087 .083
NH3N -.855 -.089 -.083 .018 -.137 .264 -.031 .860 .013 -.053 .109 391 -.342 .300 .398 482 124
As -.059 -.008 -.027 225 -.818 -.198 .136 -.017 .896 -.159 .025 -.138 .049 -.155 116 167 229
Cr .146 .835 .017 .010 .055 -.049 114 =271 .866 .050 -.152 .000 .000 .000 .000 .000 .000
Zn 142 -.048 .085 .240 751 -.099 .180 -.170 124 .087 -.841 -.178 .009 -.067 .077 -.805 -.022
Pb -.602 -.161 133 591 409 -.233 -.193 -.338 -473 -.130 .525 -.157 792 .001 -.453 -.079 -.066
E. coli .105 -.200 -.312 -.768 .011 -.015 -.140 279 122 -.835 .078 .201 -.095 -.107 162 347 797
Coli .300 498 .011 574 -.095 576 277 -.142 .066 -.503 .040 135 .039 .001 .014 .017 .932
IE 4.580 2.760 2.073 1.856 1.846 3.354 2.736 2.545 2.113 1.929 1.681 3.324 3.123 1.925 1.848 1.704 1.667
%V 26.942 16.234 12.196 10.919 10.856 19.727 16.093 14.969 12.427 11.346 9.885 20.774 19.518 12.029 11.549 10.652 10.418
C% 26.942 43.176 55.373 66.291 77.148 19.727 35.821 50.790 63.217 74.563 84.448 20.774 40.292 52.321 63.869 74,521 84.939

(Tur means Turbidity; DS means Dissolved Solid; Con means Electrical Conductivity; Sal means Salinity; Temp means Temperature; DO means Dissolved
Oxygen; BOD means Biochemical Oxygen Demand; COD means Chemical Oxygen Demand; TSS means Total Suspended Solids; pH means Acidic or Basic
water; NH3N means Ammoniacal Nitrogen; E. coli means Escherichia Coliform; Coli means Coliform; As means Arsenic; Cr means Chromium; Pb means Lead;
Zn means Zinc; IE means Initial Eigenvalue; %V means % of Variance; C% means Cumulative %)
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Principal component 4 loadings with total variance of 12.4% to result in strong
positive loadings of As and Cr; weak positive loading for turbidity; and weak
negative loading for Fe. Generally, Cr exists in rock and soil, which have
connections with soil erosion that cause turbidity; while As is typically from
pesticide used in agriculture activities. Principal component 5 loadings have total
variance of 11.3% with strong positive loading for DO; weak positive loadings of
pH and temperature; strong negative loading for E. coli; and weak negative loading
for coliform. Meanwhile, principal component 6 loadings explain total variance of
9.9% with string positive loading for pH; moderate positive loading for Fe; and
strong negative loading for Zn. The factors involved in DO element are related with
high levels of dissolved organic matter consuming large amounts of oxygen (Juahir
et al., 2011), including E. coli and coliform that are suspected to be from the sewage
treatment plant and pesticide usage in agricultural activities within Kampung
Tualang sub basin. This condition will cause the river water quality to become
acidified through pH reading. On the other hand, existing Fe element in water
quality are suspected from industrial effluents.

LPS

Principal component 1 loadings indicate total variance of 26.9% with strong
positive loadings of salinity, EC, and DS; weak positive loading for coliform; strong
negative loading for NH3N; moderate negative loadings of BOD and Fe; and weak
negative loading for turbidity. As explained before, salinity, turbidity, EC, and DS
are from agricultural runoff and animal husbandry activities; BOD and NH3N are
discharge from wastewater treatment and domestic waste water; and Fe are form
industrial effluents. Next, principal component 2 loadings show total variance of
16.2% with strong positive loading for Cr; moderate positive loadings of DO, BOD,
and COD; weak positive loadings of pH and coliform; and weak negative loading for
turbidity. Principal component 3 loadings resulted total variance of 12.2% with
strong positive loading for TSS; moderate positive loadings of pH and temperature;
weak positive loading for DO; and weak negative loadings of COD and E. coli.
Several areas in Kampung Kelemak sub basin and Kampung Sungai Petai sub basin
are converting from agriculture field and forest into building and residential area,
which highlighted the existing of turbidity and TSS elements in water quality
(except Cr that naturally exist in soil). The condition caused chemical components of
anthropogenic activities from domestic and commercial wastes, which indirectly
increase the coliform and E. coli elements through wastewater treatment plants.
Continuously, principal component 4 loadings with total variance of 10.9% have
moderate positive loadings of Fe and coliform; weak positive loadings of turbidity
and DO; and strong negative loading for E. coli. Lastly, principal component 5
loadings explain total variance of 10.9% with strong positive loading for Zn; weak
positive loadings of Fe and turbidity; strong negative loading for As; and weak
negative loading for pH. Zn element are connected with large number of houses and
buildings constructed near to river that uses metallic roofs coated with zinc, when in
contact with acid rainwater and smog, these could readily mobilize zinc into the
atmosphere and waterways (Juahir et al., 2011). Meanwhile, Fe element is subject to
industrial effluent, the As element is related to pesticide use in agriculture activities,
E. coli and coliform are connected with sewage treatment plants, and turbidity come
from hydrologic modifications such as dredging, water diversions, and
channelization.
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Conclusion

HCA, DA, and PCA are applied to investigate spatial variation and potential
pollutant sources of surface river water quality data for the Malacca River. HCA
successfully categorized nine monitoring stations into three different cluster regions,
namely Cluster 1 or LPS (comprised of S1, S2, and S3), Cluster 2 or MPS (comprised
of S4, S5, and S6), and Cluster 3 or HPS (comprised of S7, S8, and S9). HPS is within
Malacca Central basin, while MPS is between Alor Gajah basin and Malacca Central
basin, and LPS is within the Alor Gajah basin. DA resulted in discriminating nine
monitoring stations with nine discriminants assigned to 87% cases correctly using
backward stepwise modes. The nine variables are turbidity, total suspended solids, pH,
biochemical oxygen demand, chemical oxygen demand, E. coli, arsenic, zinc and iron.
PCA indicated six components with 84.9% of total variance were extracted in HPS,
while six components with 84.4% of total variance were extracted in MPS, and five
components with 77.1% of total variance were extracted in LPS. Overall, the major
sources of pollution come from agricultural, residential and wastewater treatment plants,
domestic and commercial waste, industry, as well as animal husbandry. The present
study provides useful information for local authorities in identifying sources of
pollution of the examined area and effectively in proper management for land use area.
Additionally, the study also helps in understanding river water quality within the basin
and provides a database for future reference in developing water policies.
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