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ABSTRACT: This paper aims to ags metallic llution in

the Batang Arau River, an important source of freshwarter

supply for local communities in West Suma@®a, Indonesia, by
gmpling was

h to May
ave similar

applying multivariate statistical techniques. §
conducted at eight stations along the river from M
2014. The results indicate that all the merals studied
spatial distribution patterns, with an increasing trend in
concentration from upstream to downstream. Total concentra-
tion of six metals studied upstream, as background concentra-
tion, was 1.050 mg/L, and increased to 2.249 mg/L downstream.
Spatial distribution of metals did not show significant variability
(p < 0.05) for Cd, Cr, Fe, and Pb, bur Co and Mn did. The
results of principal component analysis/factor analysis (PCA/
FA) and correlation analysis suggest that Cd, Co, and Fe are
originated from natural and anthropogenic sources; Cr and Pb
are derived from narural sources; and Mn is controlled by
anrhmpogenic sources. Water Environ. Res., 90, 234 (2018).
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Introduction

The Batang Arau River isne of the @gpst important rivers in
West Sumatera, Indonesia. It serves as a source of freshwarer
supply for the local communities to carry out their daily
activities such as bathing, laundry, fishing, irrigation recreation,
and, most important of all, as a source of drinking water.
Therefore, its water quality is of great conce However, rapid
industrialization and urbanization, especia]l_\-‘gong Batang Arau
River, has caused intense pollution to the river (Hong et al.,
2012). Contamination of metals in the aquatic-terrestrial
ecosystem has attracted great attention in recent years because
of their toxicity, abundance, and persistence in the environment,
and subsequent accumulation in aquatic habitats. Metals enter

the aquatic environment through unregulated and illegal
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discharge of domestic and municipal wastes, industrial effluents,
urban runoff, agricultural runoff, and atmospheric deposition
(Kannel er al., 2007; Suthar er al., 2009). Levels of merals in
rivers varies spatially. Land management of the catchment area
for agriculture, forestry, conservation, industry, and urban areas
influence pollutant discharge including meral contaminants that
enter the aquatic system from different sources (Johnes and
Heathwaite, 1997). Therefore, it is necessary to conduct
monitoring studies on metal contaminations of river water in
order to safeguard public health and to protect valuable
freshwater resources.

Previous investigations indicared that concentrations of Cd,
Cr, and Fe in
very high and exceeded the maximum permitted concentrarions
established by the WHO (2004) and U.S. EPA (2009) drinking
water quality guidelines (Environmental Impact Management
Agency of Padang Ciry, 2013). The concentrations of Cd, Cr,

surface water of the Batang Arau River were

and Fe in the upstream stretches of the river, as the background
concentration, were 0.03 mg/L, 0.07 mg/L, and 0.31 mg/L,
whereas, downstream values were 0.05 mg/L, 0.2 mg/L, and 0.41
mg/L, respectively. The maximum permitted concentrations by
WHO (2004) are 0.003 mg/L and 0.05 mg/L for Cd and Cr; and
0.40 mg/L for Fe by U.S. EPA {2009). There is a lack of
information on spatial distribution of metals in the waters of the
Batang Arau River. Understanding the sparial distribution of
metals in the basin is indispensable in determining originating
sources and transport processes of the contamination (Jiang et
al., 2012).

Spatial analysis of pollutants is important to betrer under-
stand how sources of risk, the receptors, and the exposure
pathways@re distributed in space (Delgado et al., 2010). In
addition, spatial analysis should be conducted within a river
basin in order to investigate the effects of various land use rypes
on water quality. This is because the effects of spatial
dimensions of land uses and their effect on water quality remain
unclear. Management of w resources requires designing
strategic sampling locati cmsg an effective monitoring program
and thus spatial analysis is needed.

Multivariate statistical techniques such as cluster analysis

[CA) and principal component analysis/factor analysis (PCA/
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FA) are widely used to characterize and evaluate surface water
and freshwater quality. These analyses also served as an useful
tool to demonstrate temporal and spatial variations in metal
concentrations caused by natural and anthropogenic factors
(Helard er al., 2012; Manoj and Padhy, 2014; Shrestha and
Kazama, 2007; Singh et al., 2005). The application of these
techniques allow for the identification of possible factors that
influence water environment systems and has proven to give a
better interpretation and understanding of water quality data,
offering a valuable tool for the reliable management of warter
resources (Caccia et al., 2003; Reid and Spencer, 2009; Simeonov
et al., 2003).

Cluster analysis technique performs reliable classification of
surface waters within the monitoring network. All sampling
stations grouped together represent some similar features and
backgrounds and need not be sampled each time; only one
representative site in each cluster may provide enough
information abourt the water quality of all sites within the
monitoring network. It reduces the number of sampling sites
and, therefore, the cost of monitoring programs. Cluster analysis
also provides a visual summary of intrarelationships among the
water quality parameters and assists in better understanding of
the controlling factors (Pejman et al., 2009). Therefore, cluster
analysis can provide information about optimal sampling
strategies and river monitoring network design (Manoj and
Padhy, 2014). Principal component analysis/factor analysis
[PCA/FA) expediently describes reasons for spatial and tempo-
ral variations. The role of PCA/FA is not limited ro identifying
all possible sources of pollution or the origin of water quality
parameters. These statistical techniques can also recognize
essential parameters which affect the chemistry of each spatial
or seasonal group of surface water (Pejman et al., 2009; Zare et
al., 2011). Moreover, PCA/FA discloses the most important
parameters responsible for variation in the dataser and also
identifies the origin of pollutants and all possible warer
pollution sources (Manoj and Padhy, 2014).

The objective of the present sru?is to explore the sparial
variation of metals pollution in the Batang Arau River. Thus far,
a monitg@hg program and some investigations related to
metallic pollution in the Batang Arau River are limited in only
reporting the concentration of metals, without any information
about their spatial distributions. To address this, an analysis
was conducted using multivariate statistical techniques assess
metals causing pollution in the river and to clarif@fhe narural
and/or anthropogenic sources of these metals. The results of this
study provide a better interpretation of metallic pollution and
help develop water management and conservation strategies, as
well as the design of an effective future spatial monitoring
network in the Batang Arau River basin.

thodology

tudy Area. The Batang Arau River is abour 30.6 km long
and originates from Mount Bolak and flows to the west. The
river passes the districts of Lublp(i]angan, Lubuk Begalung,
and Padang Selatan. The length from upstream to downstream

is approximately 19 827 km with a catchment area of
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approximately 1 km®. In the upstream stretches of Batang
Ara@River, the residential human population is relatively rare
and a small portion of land is used for agriculture. At this
locarion, the river divides into three triburaries namely Sikayan
River, Timbulan River, and Kara Putih River (Padang
Statistic Center, 2009). However, intense urbanization occurs
from midstream to downstream in the Batang Arau River,
potentially causingf@Rater pollution.

Sample Si‘tes.ﬂrface water samples were collected from
eight starions along the Batang Arau River at biweekly intervals
between March and May 2014. The sampling stations were
classified as one baseline station (S1) and seven impact stations
(82, 53, 54, 55, 86, 57, and S8). The baseline station is concerned
with the narural and unpolluted state of the river basin thart is
located upstream of the river, and the impact stations are used
for measuring the quantity of pollutant and extent of pollution
because of human interference. Figure 1 shows the locations of
the sampling stations. A detailed description of sampling
stations is given in Table |

Laboratory Analysis. Five sampling trips by grab method
were carried out from March to May 2014, Water samples for
metals analysis were collected in 1 L glass bottles and acidified
with 65% concentrated nitric acid to pH less than 2, in the field.
Because the flow velocity of the river was in the range of 5 to 150
m’/s, according ro the Indonesian National Standard Sampling
methods for surface water, water samples were taken from one-
third and two-third across the river width and one-half of the
river
2008).
in the field. All sample bottles were placed in cooler boxes with

h (National Standardization Agency of Indonesia,
emperature, pH, and dissolved oxygen were determined

ice at approximately 4 “C. Analysis of water samples was carried
out within two weeks. The water samples were filtered using
0.45 pum glass fiber filters (Advantec, Japan) before analysis.
Acidified samples of 100 ml were added with 1% of 70%
concentrated HNO3 (1.5 mL) in a 100 mL volumetric flask
[APHA, 1998). Lastly, the solurion was analyzed for Cd, Co, Cr,
Fe, Mn, and Pb using an atomic absorption spectrophotometer
[AAS) (Rayleigh WFX 320, China) after calibration with
respective standard solutions of 0 mg/L, 0.5 mg/L, 1 mg/L, 2
mg/L, and 3 mg/L. The AAS has a detection ]imirg < (L006
mg/L with the D2 lamp as background correction. Each sample
was analyzed in triplicate and average readings were automat-
ically determined.

Statistical Analysis. gne—way analysis of variance (AN-
OVA) was performed to examine significant spatial variations in
metals. Hierarchical agglomerative cluster analysis was per-
formed on the normalized darta set to group the similar sampling
sites and variables, using Ward’s method with Euclidean
grances as a measure of similarity (Varol and Sen, 2009, 2012).

rinciple component analysis/factor analysis (PCA/FA) was
employed to identify possible source types. Factor analysis was
conducted after principal component analysis. Principal com-
ponent analysis of the normalized variables (data set) was
performed to extract significant principal components and to
further reduce the contribution of variables with minor
significance; these principal components were then subjected to
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Figure 1—Map showing sampling stations on the Batang Arau River.

varimax rotation (raw) to generate varifactors (Varol er al.,

2013). Kaiser-Meyer-Olkin (KMO) and Bartlett’s sphericity tests
were performed to examine the suitability of the data for PCA/
FA (Varol and Sen, 2009). Spearman’s rank correlations were
used to identify the relationship among merals. Staristical

analysis was performed using SPSS version 20.0.

E\ble 1—Description of eight sampling stations.

gesults and Discussion
Spatial Variations of Metals in the Batang Arau River.
atial variation of merals including Cd, Co, Cr, Fe, Mn, and Pb
in the Batang Arau River are illustrated by box-whisker plots
(Figure 2), whereas overall means, standard deviarions, and

minimum and maximum concentrations of metals at the eight

Distance
Elevation, (from S1),

Stations  Latitude Longitude m.a.s.l.* (m) (km) Description

S1 0°56'49.9"  100° 30031.5" 229 0 ?psh’eam of the Batang Arau River which is located in a forested area.

S2 0°%57'30.4" 100°27°08.0" 124 4.2 Located on a drain which is carrying wastewater from a limestone mill
and agricultural activities.

S3 067'39.7" 100°25'29.7" 72 10.1 Received wastewater from households and commercial activities. The
water load increases as a result of the merging of two nearby
tributaries in this area.

S4 0°57'40.8" 100°24'02.3" 18 13.8 The river has passed through agricultural and industrial areas.

S5 0°57°43.3" 100°22'54.1" 7 16.7 The streams have received wastewater from rubber industry and the
discharge of the river water has been reduced as a result of
diverting to the nearby flood control channel.

S6 0°%67'26.8" 100°22°41.17 6 17.6 Located after the streams couple with the secondary drainage
channels, called Batang Jirak, which receive wastewater from the
domestic and commercial areas.

S7 0%57°41.4"  100°22°28.4" 3 18.9 The stream couples with the channel of Jati Drain that receives
wastewater from domestic and commercial activities.

S8 0°57°44.8" 100°21'51.5" 1 19.9 Downstream of the river; all pollutants along the river accumulated.

" m a.s.l. : meters above sea level

236

WATER ENVIRONMENT RESEARCH * March 2018




Indah et al.

0235 Cd (mg/L) B
-]
o
o201 "
oS )
=
“ oo
-
ous- ’
s
T " T r 1 T ' 1
Al Az A3 A4 AS A6 AT AB
Sumpling Potnt
[= = = s ppa, 2009, = - = qus. EPA, 2008, —— (Wat0, 2004 |
04 Cr(mg/L)
LEy
P
&
Y . coflececmsssPosifase el
.
-
L

=== (UK EPA, 1009), No Gusdeline Value (U5 EPA, 2006), = (WHO, 2004)

0 Mn (mg/L)

-

-

'

o

s Ellve=ecsseccscscccscanncrcncnnans

Al Ar A Ad AS A AT As

Paimi
[‘ = = (U5 EPA, 100%), No Guideline Value (U8, EPA, 2006, ——— IW'INIIW]|

0051 Co (mg/L)

004

0004

Co img'L)
L]

LE

Al A g M A M AT s
Samphling Feint
[ o Gbdeline Value (1.5, EPA, 3009), (U5, EPA. 2006, (WIHO, 2004)

Wl Fe (mgfl)

g

Fe (mgL)
¥

3

]

Al A o M P I A a
pling "ot
I— == (US EPA, 2009), = = (US EPA, 1006), No Guideline Value (WHO, )mll
¥ Pb (mg/L)
ol ®
. .
°
01
in-
2 o
ol
—n D D
00
T T T v T T T T
Al A A Ad AS AS AT AR
Poist
|---(ui. EPA, 2009), No Guideline Value (U5, EPA, 2006), = (WD, 2004)

Figure 2—Spatial variations of Cd, Co, Cr, Fe, Mn, and Pb in the Batang Arau River.

sampling points are summarized in Table 2. The concentrations
of metals including Cd, Co, Cr, F@Mn, and Pb were in the
range of 0,04‘“00,039 mg/L, 0.008 to 0.028 mg/L, 0.060 to 0.189
mg/L, 0.563 to 0.925 mg/L, 0.205 to 0.939 mg/L, and 0.025 to
0.081 mg/L, respectively.

Typically, all the metals have similar spatial distribution

patterns, with an increasing trend in concentration from
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upstream to downstream in the Batang Arau River. For instance,
reased from 0.060 + 0.018 mg/
L upstream to 0.188 = 0.108 mg/L downstream. The upstream

the mean concentration of Cr

area represents a natural and unpolluted river reflecting the
natural background concentrations of metals. In this case, S1,
?atﬁd in the upstream stretches of the Barang Arau River and
the

reference stream for the other stations, is located in a
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Table 2—Overall m@pns, standard deviations, and minimum and maximum concentrations of
metals at the eight sampling points on the Batang Arau River (n — 5).

Concentration (mg/L)

Environmental Parameters

Stations Cd Co Cr Fe Mn Pb T (*C) pH DO (mg/L)
S1
Mean 0.048 * 0.008 * 0.060 # 0.704 ® 0.205° 0.025 ® 25.8 8.4 8.5
Std. Dev. 0.014 0.006 0.018 0.179 0.175 0.010 0.4 0.4 0.3
Min 0.031 0.001 0.042 0.507 0.057 0.017 25.2 8.0 8.0
Max 0.069 0.015 0.083 0.882 0.399 0.043 26.2 8.9 8.9
52
Mean 0.057 # 0.012* 0.110# 0.563 ° 0.420° 0.030° 28.6 8.7 7.2
Std. Dev. 0.069 0.009 0.080 0.562 0.173 0.036 1.8 0.5 0.7
Min 0.004 0.005 0.028 0.000 0.105 0.008 26.4 8.1 6.4
Max 0.168 0.033 0.228 1.689 0.731 0.091 31.2 9.1 8.3
S3
Mean 0.047 ° 0.015° 0.131° 0.619* 0.576 % 0.046 * 30.7 8.7 7.4
Std. Dev. 0.061 0.004 0.067 0.596 0.215 0.050 2.5 0.9 0.9
Min 0.013 0.010 0.056 0.038 0.359 0.019 28.1 7.8 6.1
Max 0.155 0.024 0.228 1.670 0.943 0.135 34.7 9.6 8.2
sS4
Mean 0.065 * 0.021 % 0.153 0.732 @ 0.704 #& 0.061 @ 30.6 7.9 6.2
Std. Dev. 0.059 0.007 0.072 0.677 0.233 0.060 1.7 0.4 1.8
Min 0.014 0.011 0.063 0.075 0.455 0.017 29.3 7.4 3.3
Max 0.156 0.033 0.220 1.876 1.094 0.165 334 8.5 7.9
S5
Mean 0.067 2 0.023 % 0.166 2 0.805 @ 0.879 @ 0.066 @ 30.5 1.7 6.9
Std. Dev. 0.076 0.010 0.060 0.781 0.261 0.055 1.8 0.6 1.1
Min 0.015 0.007 0.102 0.169 0.489 0.020 29.2 7.1 5.2
Max 0.195 0.035 0.246 2.176 1.245 0.158 33.7 8.2 7.9
S6
Mean 0.078 2 0.026 0.1852 0.871° 0.906 2 0.072° 30.5 716 7.2
Std. Dev. 0.084 0.009 0.086 0.793 0.370 0.055 1.7 0.4 0.3
Min 0.017 0.009 0.091 0.188 0.520 0.020 29.6 7.2 6.9
Max 0.216 0.042 0.297 2.251 1.607 0.165 336 8.1 7.6
S7
Mean 0.0812 0.024 = 0.189 2 0.921 @ 0.890 = 0.081° 30.4 716 7.0
Std. Dev. 0.088 0.009 0.103 0.852 0.271 0.064 1.1 0.4 0.5
Min 0.017 0.014 0.088 0.225 0.610 0.025 29.7 7.2 6.6
Max 0.232 0.041 0.343 2.514 1.456 0.190 32.3 8.2 7.9
S8
Mean 0.089 * 0.028 =& 0.188 2 0.925 @ 0.939 = 0.080 ® 30.4 7.5 6.7
Std. Dev. 0.094 0.007 0.108 0.825 0.291 0.061 1.1 0.6 0.9
Min 0.024 0.020 0.067 0.244 0.640 0.033 29.5 6.9 5.5
Max 0.249 0.041 0.343 2.402 1.547 0.185 32.4 8.1 8.0
Overall
Mean 0.067 0.020 0.148 0.767 0.690 0.058 29.7 8.0 7.1
Std. Dev. 0.015 0.007 0.046 0.136 0.269 0.022 1.7 0.5 0.7
Min 0.047 0.008 0.060 0.563 0.205 0.025 25.8 7.5 6.2
Max 0.089 0.028 0.189 0.925 0.939 0.081 30.7 8.7 8.5
Water guality guidelines
Drinking water guality
WHO (2004) 0.003 NGY** 0.05 NGY** 0.4 0.01
U.S. EPA (2009) 0.005 0.1 0.3 0.05 0.015
Acute values for protection of freshwater aguatic life
U.S. EPA (2006) 0.002 NGY** 0.016 1 NGV** 0.065

* Means within a column followed by same lefters are not significantly different at 5% level

** NGV: No guideline value

Qres[ed area and there is no influence from human acriviries on
water quality in this area. Usually, in unaffected environments,
the concentration of most of the metals in rivers is very low and

mostly derived from the weathering of rock and soil (Varol and
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Sen, 2012). Therefore, the concentrations of metals at S1 station
are relatively lower than at the other stations. The increase in
metal concentrations downstream may be arrributable to

anthropogenic influences such as domestic, agricultural, and
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Figure 3—Total concentrations of six metals at the
different sampling stations on the Batang Arau
River.

industrial activities along the Batang Arau River, as the
concentration of all metals ar all stations had much higher
average values than those in water samples from the reference
stream, S1. This implies that increased metal concentrations
most likely originated from anthropogenic activities.

As presented at Table 1, there are some anthropogenic sources
along the Batang Arau Rivgm Station 2 (S2) is about 4.2 km from
the reference stream [Sl},gcated on a drain which carries
wastewater from a limestone mill as well as agricultural
activities; paddy fields are locared nearby. About 5.9 km from
52, rhern S3 station. At this station, the Batang Arau River
receives wastewater from households and commercial activities.
In addition, there isgnd mining acrivity and an increase in
water load bec:\usegthe merging of two tributaries near this
area (Lubuk Paraku and Barang Idas). Next to S3, there is 54
station, where the river passes through agricultural and
industrial areas (industrial wastewater comes from the rubber
industry and palm oil processing in@scry). At S5 station, about
16.7 km from S1, the river receives wastewater from the rubber
industry and the discharge of river water has been reduced as a
result of diverting to the nearby flood control channel. About 1
km from p and 17.6 km from S1, there is 56 station. This
station is located after the river couples with a secondary
drainage channel, called Batang Jirak, which receives wastewa-
ter from domestic and commercial areas such as the public
market and auro services. Similarly to S6, at 57 st@on (locared
abour 1.3 km from S6) the river couples with the g[i Drain
channel that receives wastewater from domestic and commercial
activities including restaurants, a hospital and a hotel. Finally,
the last station is S8 station, the outlet of the Batang Arau River
before entering the sea. At this station, all pollutants which
come from domestic and industrial, as well as agriculrural

wastewater, along the river have accumulated, because this area
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is furthest downstream in the Batang Arau River, near the
estuary that merges with the ocean.

However, although there were different kinds of human
activities along the river, spatial distribution of metals indicated
t the concentrations of Cd, Cr, Fe, and Pb did not show
significant spatial variability at the eight sampling points (p <
0.05), reflected by the ANOVA results presented in Table 2. This
may be explained by the lack of anthropogenic sources along the
river hange the spatial distribution of metals. On the other

hand, significant spatial variabilities were found in the
concentration of Co@d Mn along the Batang Arau River. The
concentration of Co increased significantly ar S4, S5, S6, §7, and
S8, compared to those upstream S1, 82, and S3. For Mn,
significant differences in concentra@@n were observed from 83 to
S8 stations. These findings reveal that anthropogenic sources
and different land uses along the Batang Arau River may lead to
significant variability in the spatial distri bun of Co and Mn
concentrations in the river. From 54 ro S8, wastewater from
il}dus[riangricultural, and domestic sources are released into
the river resulting in these significant differences in metal
concentrations. This fact is supported by the flow rate data
observed along the river, as shown in Table 1. At $4, flow rate
increased, because the river received wastewater from house-
hold, agricult@l. and industrial activities. The flow rate was
reduced at S5 as a result of diverting to the nearby flood control
channel. Furthermore, an increase inflow rate was observed
from S6 to S8, reflecting the discharge of wastewater from
various anthropogenic sources along the river.

The relative abundance of metals in the Batang Arau River
was, in decreasing order, Fe = Mn = Cr = Cd = Pb = Co, and
the mean concentrations of metals were 0.767 * 0.136 mg/L
(Fe), 0,690 + 0.269 mg/L (Mn), 0.148 = 0.046 mg/L (Cr), 0.067
+ 0.015 mg/L (Cd), 0.058 + 0.022 mg/L (Pb), and 0.020 = 0.007
mg/L (Co). It is well known that Fe is one of the most abundant
metals within the earth’s crust, therefore, it is ubiquitous in all
freshwater environments and often reaches significantly higher
concentrations in warter and sediments than other trace merals
(Forstner and Wittman, 1979). In addition to natural occurrence
from the product of weathered rocks and soil within watersheds,
another source of Fe in water is from anthropogenic activities,
including municipal wastewater discharges, sewage sludge,
mining and mineral processing, and industrial and agricultural
wasreve:r (TRI91, 1993; Xing and Liu, 2011).

Th@gral concentrations of six metals in the sampled river
water had an average of 1.749 mg/L, followed by S8 (2.249 mg/
L), §7 (2.186 mg/L), S6 (2.139 mg/L), S5 (2.006 mg/L), S4 (1.735
mg/L), 83 (1.433 mg/L), S2 (1.191 mg/L), and S1 {1050 mg/L),
as shown in Figure 3. The highest total concentration of all
metals was found ar S8 perhaps because of the accumulation of
pollutants released from anthropogenic activities, such as
domestic, industrial, commercial, and agricultural sources, at
this point. S8 station is located in the downstream stretches of
the Batang Arau River, near the estuary, before the river enters
the sea. The lowest toral concentration was observed at S1, the
upstream stretches of the river not affected by anthropogenic
activities, reflecting the natural background concentration of
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Figure 4—Dendrogram showing clustering of sampling stations on the Batang Arau River.

metals in the Batang Arau River. Figure 3 also presents the
variation of each meral along the sampling stations. It is
observed that the increasing concentrations of metals down-
stream were not at a uniform rate.

Furthermore, metal concentrations were compared with water
quality guidelines (or standards) for drinking warer (LS. EPA,
2009; WHO, 2004) and the protection of freshwater aquatic life
(ULS. EPA, 2006), as also shown in Figure 2. Typiggily, the mean
concentrations of all metals studied were higher than the
maximum permitted concentrations established by WHO and
U.S. EPA drinking water quality guidelines (Table 2). Regarding
spatial concentrations of merals and guidelines; Cd, Fe, and Pb
concentrations at all stations exceeded WHO and U.S. EPA
drinking water limits. The concentration of Cd was in the range
of 0.048 to0.089 mg/L, wBreas the WHO and U.S. EPA
drinking limits are 0.003 mg/L an@).005 mg/L. For Cr, its
concentration along the river was n the range of 0.060 to 0.188
mg/L, exceeding the maximum permitted concentration in the
drinking water guidelines (0.05 mg/L for WHO and 0.1 mg/L
U.S. EPA). The concentration of Fe and Pb ar all stations was mn
the range of 0.704 to 0.925 mg/L and 0.025 to 0.080 mg/L,
exceeding the drinking water limits of the WHO (0.01 mg/L for
Pb) and ULS. EPA (0.3 mg/L for Fe and 0.015 1 for Pb). For
Cr and Mn, their concentrations at 51, located n the upstream
stretches of the Batang Arau River, were still below the U.S. EPA
and WHO drinking warer limits, respectively. However their
concentrations increased and violated the permissible limit of
the WHO and U.S. EPA guidelines for drinking water ar the next
stations (from 52 to S8). It @s also determined that the mean
concentration of all metals exceeded the maximum permitted
concentrations for the protection of aquaric life (U.S. EPA,

20086), except Fe and Pb. The mean concentrations of Fe and Pb
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were lower than the maximum permitted concentration for the
protection of @atic life, whereas their maximum concentra-
tions from S2 until S8 station were higher than the nggimum
permirred concentration {Table 2). Hence, to protect aquatic
life, much greater attention should be paid to all metals.

Multivariate Statistical Analyses. Cluster analysis was
utilized to group the similar sampling sites (spatial variability}
and to identify specific areas of contamination. Hierarchical
clustering analysis (HCA) is the most common approach, which
presents perceptive similarity between any one sample and the
entire data set. In this study, hierarchical agglomerative cluster
analysis was performed on the normalized data set using Ward’s
method, with Euclidean distances as a measure of similarity.
Hierarchical clustering analysis (HCA) is usually demonstrated
by a dendrogram (tree diagram) which presents a visual outline
of the clustering processes, presenting a picture of the groups
and their proximity, with a dramatic reduction inﬁe
dimensionality of the original data. Furthermore, KMO and
Bartlete’s sphericity tests were applied to examine the validity of
PCA/FA in identifying possible source types, and extract
significant principal components (Varol et al., 2013).

Spatial Similarity and Site Grouping. A dendrogram
derived from HCA shows that the eight sampling stations on the
river are grouped into two statistically significant clusters
(Figure 4). Cluster 1 consists of stations S1, 82, 53, and $4;
Q‘lereas cluster 2 consists of stations S5, S6, 57, and S8. The
cluster classifications change with significant level because the
sites, or stations, in the groups have similar garacteristic
features that are affected by similar sources. Compared to their
average data and informartion in clusters with drinking water
guidelines (Table 2), it could be concluded that clusters 1 and 2
corresponded to relatively moderate, and highly polluted
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Table 3—\Varimax rotated factor loadings.

Initial Eigenvalues

Component Total % of Variance Cumulative %
I 3.259 54.316 54.316
2 1.216 20.265 74.581
3 1.005 16.743 91.324
4 0.279 4.654 95.978
5 0.224 3736 99.715
6 0.017 0.285 100
Component

Element VF1 VF2 VF3
Fe 0.875 0.392 —0.174
Mn -0.028 0.114 0.964
Co 0.839 0.013 0.406
Pb 0.104 0.932 0.136
Cd 0.916 0.299 -0.16
Cr 0.39 0.844 0.018

regions, respectively, Cluster 1 is situated upstream of the
middle course of the Batang Arau River. The upstream area [g}
is located in a forested area and there igo influence of human
activities on water quality in this area, reflecting the narural
background concentrarion of metals, thus, their concentrations
were relatively lower. Next to S1, ar stations 52, 83, and 4, an
increase in metal concentrations was observed, indicating the
discharge of pollutants from anthropogenic sources such as
domestic, agricultural, and industrial wastewater. Cluster 2
corresponded to relatively high pollution stations. The stations
included in this cluster are located rowards the downstream end
of the Batang Arau River, where all pollutants from human
activities along the river have accumulated, so that the
concentration of metals were higher than in the previous
stations. The cluster analysis has provided a useful classification
of the surface watercourses in the study area, and could be used
to design an optimal spatial monitoring network with lower
costs (Simeonov et al., 2003; Singh et al., 2005). Based on our
results, the number of monitoring @gtions could be reduced and
chosen only from cluster 1 and 2. ﬂlis result suggests that for
the rapid assessment of water qugdity, only one station in each
cluster would be sufficient. This could serve as a good spatial
assessment of the water quality of the whole grouy

Source Identification. Kaiser-Meyer-Olkin (KMO) and
Bartlett’s results were (.661 and 180 (df = 15, p < 0.001),

respectively, indicating that PCA/FA would be effective in
reducing dimensionality of the data set. In this study, three
varifactors with eigenvalues =1, explaining about 91.324% of
the total variance in the water quality data set, were obtained
through factor analysis performed on the principal components.
The corresponding varifactors, variable loadings and explained
variance are given in Table 3. Varifactor coefficients having a
correlation greater than (.70 were considered significant
(strong). Varifactor 1 (VF1), which explained 54.316 % of the
total va
and Fe.
had strong positive loadings on Cr and Pb. VF3 (16.743% of the

nce, had strong positive loadings (=0.70) on Cd, Co,
2, which accounted for 20.265% of the toral variance,

total variance) had strong positive loadings on Mn.

The first cluster of elements (Cd, Co, and Fe) significantly
correlated with each other (r = 0.600, p < (.01), as shown in
Table 4. Moreover, Cd and Fe did not show significant spatial
variations, reflecting no significant anthropogenic source along
the river, therefore, these merals may originate from a narural
source. However, Co had signifne spatial variation ar the
station in the middle course of the Ba Arau River along to

the river (54, S5, S6, S7, and S8).
indicaring the influence of anthropogenic activities and different

the downstream stretches

land uses along the river (Table 2). Thus, VF 1 can be
attributable to mixed sources of natural and anthropogenic
origin. The second cluster of elements (Cr and Pb) showed
significant correlations with each other (r = 0.742, p < 0.01).
This implies that Cr and Pb are most likely d@ived from a
common source and are also moving together. In addition, these
metals had no signEan[ spatial variations, suggesting there
were no significant anthropogenic sources of these metals along
the river to change their spatial distributions (Table 2). Hence,
VF2 can be attributed to narural sources. The third group of
elements (Mn) did not show significant correlation with any of
other metals. Manganese had relatively high concentrations
in the Batang Arau River and significant spatial variation from
S3 to S8 (Table 2}, reflecting the differences in anthropogenic
activities along the river. Therefore, VF3 can be atributed to

anthropogenic sources.

Conclusions

1 The results indicate that, typically, all merals studied have a
similar spatial distribution pattern, with an increasing trend in
concentration from upstream to downstream in the Barang Arau

River, reflecting the influences of narural and anthropogenic

Table 4—Spearman’s rank correlation coefficients of metals in the Batang Arau River.

Fe Mn Co Pb cd Cr
Fe 1.000

Mn -0.103 1.000

Co 0.600"" 0.284 1.000

Pb 0.427"" 0.198 0.205 1.000

cd 0.977"" -0.103 0.641"" 0.354" 1.000

Cr 0.636"" 0.101 0.355" 0.742"" 0.579"" 1.000

** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).
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sources along the river. Spatial distribution of metals reveal that
the concennri ons of Cd, Cr, Fe, and Pb did not show
significant variability at the eight sampling points (p < 0.05),
indicating there were no significant anthropogenic sources of
these mera@along the river to change their sparial discributions.
However, significant spatial variabilities were found in the
concentration of Co and Mn along the Batang Ar?River, This
implies that there were anthropogenic sources ifferent land
uses along the Batang Arau River. The mean concentrations of
all metals studied were higher than the maximum permitted
concenf@tions established by the WHO (2004) and U.S. EPA
[2009}?

metals studied could be potential pollutants in the Batang Aran
River. In addition, attention should be p@gl to all metals studied,

rinkinﬂ/at&r quality guidelines, suggesting thar all

as the mean concentrarion of all merals exceeded the maximum
permitted concentrations for the protection of aquatic life (U.S.
EPA, 2006), except for the mean concentration of Fe and Pb.
Cluster analysis classified all the sampling sites intvo main
groups of spatial similarities. Based onfghese resu]rs,rgr the
rapid assessment of water quality, the number of monitoring
stations could be reduced and only one starion chosen from
cluster 1 and 2. It would reduce the number of sampling sites in
turn, reducing the cost of the water monitoring program for the
Batang Arau River. Multivariate analysis (PCA/FA and cluster
analysis) and correlation present important tools for better
understanding of the source identification of merals. The results
revealed that Cd, Co, and Fe originated from natural and
anthropogenic sources; Cr and Pb are derived from natural
sources; and Mn is controlled by anthropogenic sources. As
there is a lack of informartion on the distribution of mertals
spatia]]yn the Batang Arau River, these results could help
develop water management and conservation strategies as well

as an effective monitoring program for this river.
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