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The analysis of elemental concentrations as well as physiochemical parameters of water samples
can determine the quality of a water system. The Temenggor area is known as one of the largest
forest reserves in Peninsular Malaysia. Consequently, the Sustainability Development Goals
have a significant effect on this area. This study aims to measure the basic physicochemical
parameters as well as the concentrations of selected elements in water samples from this area.
Measurements of basic physicochemical parameters such as pH, temperature, pressure, dissolved
oxygen (DO), electrical conductivity (C), total dissolved solids (TDS), salinity, and oxidation-
reduction potential (ORP) of freshwater samples from rivers such as Sungai Gadong Dalam,
Sungai Gadong Luar and Sungai Kelam, as well as Tasik Temenggor, were done in situ using a
YSI multiparameter probe meter. The concentrations of ten elements, As, Cd, Cr, Cu, Ni, Pb, Se,
Zn, U and Th were measured using an Energy Dispersive X-Ray Fluorescence (EDXRF)
Spectrometer. The average concentrations of all elements, except for Zn, were found to be higher
than the threshold levels specified in the National Water Quality Standards for Malaysia
(NWQSM). The correlation between the physicochemical data and elemental concentrations
were evaluated using SPSS IBM 22 software. Seven strong correlation pairs were observed:
temperature-pressure,  SPC-conductivity, SPC-TDS, SPC-salinity, conductivity-TDS,
conductivity-salinity, and TDS-salinity. Meanwhile, strong correlations were found between the
concentrations of certain pairs of elements: As-Cr, As-Se, Cd-Cr, Cd-Zn, Cr-Pb, Cr-Zn and Pb-
Zn. Cluster analysis grouped the 15 sampling locations into two clusters, Cluster 1 (low
elemental concentrations) and Cluster 2 (high elemental concentrations). The heavy metal
pollution index (HPI) and metal index (MI) values were also calculated to assess the
contamination levels of water samples in this area. Most of the areas exhibited HPI values above
100, indicating heavy metal pollution.
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Sustainable Development Goals (SDGSs) are part of
a global initiative to end poverty and protect our
planet, which focuses on economic, social, and
environmental sustainability. In 2009, the New
Economic Model was launched to strengthen the old
development approach that focused on high income,
inclusivity, and  sustainability [1]. The
sustainability of the natural forest and water
ecosystems in Malaysia is one of these sustainable
development goals (SDGs). Environmental
pollution may be due to natural or anthropogenic
input from wvarious human activities [2].
Atmospheric processes transfer metals into soil,
water and sediment wherein their biogeochemical
cycles and atmospheric precipitation may create an
exotoxin effect in the receiving water and soil
environment [3]. Furthermore, tiny particles of
heavy metal pollutants are transported in the

atmosphere and can be carried over long distances,
possibly resulting in trans-border contamination.
The effect of weathering will facilitate the transport
of elements vertically into the soil, or into the river
where it settles as sediment which is taken up by
plants and aquatic animals. The Temenggor reserve
forest in Perak state has the potential to become a
commercialized tourism spot in the future. Located
in the Hulu Perak District, it borders Thailand in the
north, and the East-West Highway and the state of
Kelantan in the east. Ecotourism is the main
attraction of the Royal Belum Rainforest.
Therefore, it is crucial to monitor this area to
ensuring the sustainability of the protected areas. In
addition, its location near the border with Thailand
might contribute to the accumulation of metal
contamination in the Temenggor forest reserve area
through atmospheric transfer.
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Energy Dispersive X-ray Fluorescence
(EDXRF) is an XRF spectroscopy technique that
has been used as an analytical tool for a very long
time [4]. XRF is normally used to determine the
concentrations of different elements in a sample,
and has advantages such as good sensitivity and
non-destructiveness [5,6]. EDXRF is a versatile
method in environmental research, and is used to
determine multi-element concentrations in dust,
soils, sediments and plants [7, 8, 9]. Oyedotun
reported that EDXRF has great accuracy and
precision which makes this technique a
geochemical method of choice in mineralogy and
the investigation of the chemical composition of
earth materials [9]. Since water is necessary for all
life, the occurrence of pollutants in water due to
physical or chemical contamination must be
considered. Thus, systematic environmental
monitoring should include not only water quality
parameters but also the concentrations of other
elements including radionuclides to ensure the
sustainability of protected areas. Radionuclides (U
and Th) are naturally present in environments and
can also be produced by human activities. However,
their contribution is less if there are no major
sources of radionuclides, such as factories and
heavy industries, nearby. This study aimed to
compile data on the selected elemental
concentrations as well as the basic parameters of
surface water in Temenggor lake. A thorough
analysis using chemometric techniques will provide
a clear picture of the quality of the lake water. To
the best of our knowledge, currently, no data on
radionuclides (uranium and thorium) has been
reported in this study area. The results of this study
could be used as initial data for the monitoring and
sustainability of the Temenggor area.
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MATERIALS AND METHODS
Sampling Location

Belum-Temenggor Forest Reserve is located in Hulu
Perak, in the state of Perak, and crosses into Southern
Thailand. It is the last and largest contiguous block of
natural forest in Peninsular Malaysia, covering an area
of over 300,000 hectares [10]. Bird watching,
Rafflessia tracking and fishing are some of the
activities in the Temenggor forest reserve that attracts
local and overseas tourists and researchers.
Temenggor lake is the second largest lake in
Peninsular Malaysia, and is made up of several rivers
such as Sugai Perak, Sungai Gadong Dalam, Sungai
Gadong Luar and Sungai Kelam. Temenggor Dam, a
hydroelectric dam operated by Tenaga Nasional
Berhad (TNB) was completed in 1978.

Sample Collection

Water samples were collected from the rivers and
Temenggor lake based on their accessibility. The
surface water samples were collected from 15
locations using a GO-Flo vertical water sampler. The
exact locations of the sampling points were marked
using Global Positioning System (GPS) coordinates as
shown in Table 1 and Figure 1. About 10 mL of water
were collected at each location and stored in labelled
plastic bottles. In-situ basic parameters including pH,
temperature, pressure, dissolved oxygen (DO),
electrical conductivity (C), total dissolved solids
(TDS), salinity, and oxidation-reduction potential
(ORP) were measured at the sampling sites, using the
YSI multi-parameter probe meter. The samples were
acidified to pH 2 with 6 M nitric acid and filtered using
0.45 um cellulose membrane nitrate filters.
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Figure 1. Sampling locations surrounding Temenggor Lake (Source: Google Map, 2022)
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Chemical Analysis

The concentrations of As, Cd, Cr, Cu, Ni, Pb, Se, Zn,
Ca, K, U, and Th were measured using the Energy
Dispersive  X-Ray Fluorescence (EDXRF)
Spectrometer. Approximately 5 mL of a filtered water
sample was placed in an EDXRF sample cup and
covered with mylar film. All samples were measured
in triplicate using EPSILON 3XL EDXRF machines.
A range of standard solutions (Perkin Elmer Pure Plus
Multi-Element Calibration Standard 3) was also
measured. Similar standards were analyzed using an
Inductively Coupled Plasma-Mass Spectrometer
(ICPMS) in the Agensi Nuklear Malaysia laboratory
to compare the accuracy and precision of the EDXRF
method with the established ICPMS method.

Chemometric Analysis

In this study, cluster analysis (CA) was used to group
the locations based on their elemental concentrations.
Cluster analysis is a set of multivariate techniques
which primarily classifies variables or cases into
clusters with high homogeneity levels within a class
and high heterogeneity levels between classes [11,12].
CA was used to link sampling points in the
configuration of a tree with different branches
(dendrogram) which provides a visual summary of the
clustering process, presenting a picture of the groups
and their proximity. Branches that have linkages close
to each other indicate a stronger relationship between
the variables, i.e., the sampling points. In this study,
CA was applied to 15 sampling points for each
element using Pearson’s linkage method.

Heavy Metal Pollution Index (HPI) and Metal
Index (M)

Two indices namely the heavy metal pollution index
(HPI) and the metal index (MI) were calculated to
evaluate the potential of water samples for agricultural
and drinking use [13,14,15]. These two indices show
the overall quality of the water sample in terms of its
metal content [14]. The evaluation is based on a
comparison between the measured values and
reference values from the National Water Quality
Standards for Malaysia (NWQSM for drinking water.
Both indices were calculated using the following
equations:

HPI = 251702 ‘:’WQ Eq. 1
. wp  IMi-Ii]
Qi=XpL, == x 100

where Wi is the unit weightage defined as the
reciprocal value of Si, Si is the highest permitted value
for drinking water as given by the NWQSM standard,
and n is the number of parameters considered [13,15].

Ci

MI = Z (MAC);

Eq. 2
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where Ci is the mean concentration of ith element and
(MAC); is the maximum permissible level derived
from the NWQSM [14].

RESULTS AND DISCUSSION
Validation and Verification of EDXRF Method

Validation of the EDXRF method for the
determination of elements was done using a series of
multi-element standards. The standards were prepared
at different concentrations (0.10 — 1.00 ppm) using
Perkin Elmer Pure Plus Multi-Element Calibration
Standard 3. Analysis of the standard using EDXRF
gave good recoveries in the range of 83-191 %. For a
comparison of accuracy and precision, the same
standards were also analyzed using an Inductively
Coupled Plasma-Mass Spectrometer (ICPMS) in the
Agensi Nuklear Malaysia laboratory. This analysis
gave comparable recovery values in the range of 70-
136 %, showing the reliability of the EDXRF method
for elemental analysis.

In-situ Measurement of Basic Physicochemical
Parameters

Table 1 lists the GPS coordinates of the 15 sampling
points and their descriptions. Basic physicochemical
parameters including temperature (°C), pressure (mm
Hg), dissolved oxygen, DO (mg/L), specific
conductivity (us/cm), conductivity (us/cm), total
dissolved solids (mg/L), salinity (ppt), pH and
oxidation-reduction potential (mV) were determined.
The readings were taken using the YSI probe at the
sampling sites and their results are shown in Figure
2(a)-(h). The pressure and oxidation-reduction
potential (ORP) readings of water samples were in
the range of 737.30 — 740.30 mm Hg and -55.90 —
61.10 mV, respectively, as shown in Figure 2(a) and
2(b). The negative values of ORP for W6 and W7
(Figure 2(b)) indicates a higher reducing agent was
present in these water samples. Oxidizing agents help
in decomposing and breaking down contaminants.
Therefore, the higher the ORP value, the better the
quality of the water body in general. However, good
quality water should have ORP values in the range of
300-50 mV [16,17]. The temperature of the lake
water samples was between 23 and 29°C (Figure
2(c)), which satisfied the requirements for the Class
Il category under NWQSM [18]. Additionally, the
temperature of these areas was comparable to that
reported in the study of Tasik Kapal Tujuh, Kg.
Gajah, Perak, which was in the range of 29.9 to 31.7
°C [19]. The temperature varies depending on the
weather at a particular time. Figure 2(d) shows the
DO reading obtained from all sampling locations.
The minimum DO level of the water samples was
4.78 mg/L and the maximum was 7.82 mg/L, which
falls into Class | and 1A of NWQSM. This result was
lower compared to the reported result by Ahmad Saat
et al., (2014), in the range of 6.96 — 11.15 mg/L [19]
which allowed aquatic organisms and plants to live
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in the lake. The electrical conductivity (C) values of
samples were in the range of 34.40 to 64.40 pus/cm
(Figure 2(e)) and much lower than the threshold level
of Class | in NWQSM (1000 ps/cm). Figure 2(f)
shows the pH values were between 6.58 and 7.27 for
all 15 samples at different locations. This result was
comparable with the study by Ahmad Saat et al.,
which reported a pH range of 6.98 — 7.81 [19]. In
addition, the pH was within the threshold level of
Class | in NWQSM (pH 6.5-8.5). Total dissolved
solids (TDS) values for the water samples are shown
in Figure 2(g). All sampling locations had very low
TDS values compared to the threshold level of 500

Table 1. GPS of 15 sa
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mg/L in NWQSM for Class 1. The TDS values of
water samples were in the range of 21.45 to 40.30
mg/L and much higher than the reported TDS values
(0.09 to 0.13 mg/L) in Tasik Kapal Tujuh [19].
Likewise, salinity values of water samples in this
study were much lower than the NWQSM of Class 1
value of 0.5 %. The salinity values of the water
samples in this study area were in the range of 0.01 -
0.03 % (Figure 2(h)). According to Sabarina et al.,
the salinity levels were higher near the mouth of a
river where the ocean water enters [20]. This
explained the low salinity as this study analysed
freshwater samples.

mpling locations

Location GPS E Description
w1 05°37'02.7 101°17'44.8 Sungai Gadong Dalam
W2 05°36'58.7  101°18'00.3 Sungai Gadong Dalam
W3 05°36'52.5 101°18'19.3 Sungai Gadong Dalam
w4 05°36'35.4 101°18'37.4 Tasik Temenggor
W5 05°36'41.2  101°18'44.9 Tasik Temenggor
W6 05°35'17.0  101°18'40.5 Sungai Gadong Luar
W7 05°33'37.7 101°18'14.7 Tasik Temenggor
W8 05°33'29.8  101°19'01.3 Tasik Temenggor
W9 05°33'02.1 101°19'44.6 Tasik Temenggor
W10 05°32'38.7  101°20'03.7 Tasik Temenggor
W11l 05°31'48.4  101°19'29.3 Teluk Nyor
W12 05°31'58.8  101°20'10.6 Tasik Temenggor
W13 05°24'56.1  101°18'00.2 Tasik Temenggor
W14 05°27'47.1  101°17'34.3 Sungai Kelam
W15 05°29'40.3  101°18'51.1 Sungai Rokan
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Figure 2. Basic physicochemical parameters determined at sampling sites: (a) pressure (mmHg), (b) oxidation-
reduction potential, ORP (mV), (c) temperature (°C), (d) dissolved oxygen, DO (mg/L), (e) conductivity, C
(us/cm), (f) pH, (g) total dissolved solids, TDS (mg/L) and (h) salinity (%)
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Table 2. Pearson correlation between physicochemical parameters

Correlation Matrix?

Temperature | Pressure | DO | SPC |Conductivity | TDS |Salinity| pH | ORP

Temperature 1.000 -502 |-.360 | -.373 -.189 -362 | -.436 | .475 |-.097

Pressure -.502 1.000 |-.128| .298 223 336 | .137 | .126 | .035

DO -.360 -.128 |1.000 | -.288 -.384 -352 | -.314 |-.230|-.088

SPC -.373 .298 | -.288 | 1.000 .981 961 | 942 |-.130|-.416

Correlation | Conductivity -.189 223 | -.384| 981 1.000 943 | 904 |-.025 | -.469
TDS -.362 .336 | -.352 | .961 943 1.000| .899 |-.117|-.334

Salinity -.436 JA37 | -314 | 942 .904 .899 | 1.000 |-.271 | -.262

pH AT75 126 | -.230 | -.130 -.025 -117 | -.271 |1.000 | -.351

ORP -.097 .035 |-.088|-.416 -.469 -334 | -.262 |-.351(1.000

a. Determinant = 1.629E-8

Pearson Correlation of Physicochemical
Parameters

Pearson’s correlation is a test statistic that measures
the statistical relationship, or association, between
two continuous variables. It is known to measure
the association between variables of interest
because it is based on the method of covariance
[21]. Thus, the correlations between
physicochemical parameters support and explain
the relationships between them. In this study, the
correlation matrix between physicochemical
parameters was calculated using IBM SPSS
Statistics 22, and the results are given in Table 2.
An R value that is greater than £ 0.5 to near + 1
indicates a strong correlation, while one that is
below + 0.5 is considered a weak correlation. Seven
strong correlation pairs were observed from the
data, which included temperature-pressure, SPC-
conductivity, SPC-TDS, SPC-salinity,
conductivity-TDS, conductivity-salinity, and TDS-
salinity. Other pairs showed weak correlations to
each other.

Concentration of Elements in Water Samples

Table 3 shows the concentrations obtained for As, Cd,
Cr, Cu, Ni, Pb, Se, Zn, U and Th. Comparing the
results in this study with that of the NWQSM
requirements for Class I1A/11B, all elements except for
Zn were found in concentrations higher than allowed
by the standard [18]. The concentrations of Ni and Pb
in the water samples were below the limits of the
USEPA Surface Water Quality Standard (SWQS).
However, Cd and Cr had higher concentrations
compared to the USEPA limits.

Studies on water samples have long been
conducted worldwide. A study of heavy metal
concentrations in Tasik Chini by Mohammad

Ebrahimpour & Idris Mushrifah showed that the
mean concentrations of Cd, Cu, and Pb were in the
range of 0.06-0.32, 1.50-8.36 and 2.85-18.7 ug/L,
respectively  [22]. These  heavy  metal
concentrations were very low compared to this
study. The Cd, Cu and Pb concentrations in Tasik
Chini were measured using sequential extraction
procedures based on defined fractions:
exchangeable, acid reduction, oxidation, and
residual [22]. In another research paper, Akinbile
et al. highlighted a surface water study of six
heavy metals, Cd, Cr, Cu, Ni, Zn, and Fe, in Bukit
Merah Reservoir, Malaysia [23]. Inductively
Coupled Plasma Mass Spectrometry (ICPMS) was
used to determine the concentrations. The
concentration ranges of the elements were -0.001
- 0.077, -0.001 - 0.11, -0.005 - 0.019, -0.007 —
0.189, -0.0006 — 0.072, and 3.916 — 8.485 mg/L,
respectively, for Cd, Cr, Cu, Ni, Zn, and Fe [23].
These values were also lower than the
concentrations measured in this study.

Another study by Dautovi¢ et al. reported
the sources and distribution of certain major and
trace elements in Plitvice Lakes, a pristine cascade
hydrological system of sixteen karst lakes situated
in a sparsely populated area of central Croatia
[24]. From 17 locations including springs,
tributaries, lakes and rivers, 22 elements were
analyzed using high-resolution Inductively
Coupled Mass Spectrometry. Compared to this
study, concentrations of all elements except for Ca
in Plitvice Lakes were much lower than in
Temenggor Lake [24]. Meanwhile, a study on the
distribution of heavy metals in the Selangor River
basin by Faridah Othman et al., showed lower
concentrations of As, Cd, Cr, Cu, Ni, and Zn
compared to Temenggor lake. The study used
Inductively Coupled Plasma Optical Emission
(ICP-OES) Spectroscopy [15].
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Table 3. Comparison of As, Cd, Cr, Cu, Ni, Pb, Se, Zn, U and Th concentrations

Elements (mg/L) As Cd Cr

Cu

Ni Pb Se Zn U Th

Temenggor, Min 0.06 0.14 0.67 0.95

0.58 2.08 0.10 0.56 0.05 0.29

2021 Max 0.15 049 206 2.20

2.63 2.74 0.20 5.23 0.61 0.86

National Water

Quality Standards for  0.05 0.01 - 0.02 0.05 0.05 0.01 5 - -
Malaysia*

USEPA (SWQS**) - 0.009 0.08 - 8.3 8.5 - - - -

*Class 1IA/IIB

**Surface Water Quality Standard (SWQS)

Concentrations (mg/L)

N

=

*ﬁﬂ ?.*+++

Elements

lcr Wcu BN Pb Bl Th M zn M As lcd MU M se

Figure 3. Distribution of Cr, Cu, Ni, Pb, Th, Zn, As, Cd, U and Se in surface water

Figure 3 shows the distribution of 10 elements
samples including Cr, Cu, Ni, Pb, Th, Zn, As, Cd, U
and Se in surface water. Most elements displayed an
even distribution in terms of concentrations based on
their mean and median. For example, Th, As, Cd and
Se had similar mean and median values for all
samples, showing that their concentrations were
evenly distributed at all 15 locations. On the other
hand, the other six elements had different mean and
median values, indicating that their concentrations
were not evenly distributed over the 15 locations. As
can be observed from the box plot, outliers were
present at some locations for Ni, Pb, Th, Zn and Se. In

addition, Zn had the biggest distribution range, while
As and Se had the smallest.

Pearson Correlation of Elemental Concentrations

Table 4 lists the correlation coefficients between As,
Ca, Cd, Cr, Cu, K, Ni, Pb, Se, Th, U, and Zn. Most of
these elements had weak correlations to each other
based on their R-values (< £ 0.5). However, certain
elements showed a strong correlations to each other,
with R-values of more than + 0.5. Strong correlations
were observed between As-Cr, As-Se, Cd-Cr, Cd-Zn,
Cr-Pb, Cr-Zn and Pb-Zn.
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As Cd Cr Cu Ni Pb Se Th ] Zn
As | 1.000 | -.082 | -.630 | -.004 077 79 516 .025 -.120 79
Cd | -.082 | 1.000 | .518 -.231 074 -.410 .347 469 -036 | -.735
Cr | -.630 518 | 1.000 | -.078 133 -566 | -.140 .268 .041 -.666
Cu | -.004 | -.231 | -.078 | 1.000 | -.046 | -.387 425 .305 140 .077
Correlation Ni .077 074 133 -.046 | 1.000 | -.078 .078 134 -.140 | -.086
Pb | .179 -410 | -566 | -.387 | -.078 | 1.000 | -.293 | -.386 | -.181 757
Se 516 .347 -.140 425 .078 -.293 | 1.000 | .299 .282 -.269
Th | .025 469 .268 .305 134 -.386 299 | 1.000 | -.457 | -.380
U -120 | -.036 .041 140 -.140 | -.181 .282 -457 | 1.000 | .012
Zn | 179 -735 | -.666 .077 -.086 757 -.269 | -.380 .012 | 1.000

Chemometric Analysis

Cluster analysis (CA) was carried out using the data set
of elemental concentrations to evaluate the spatial
variability among the sampling points. This analysis
resulted in the sampling points being separated into two
groups for each element based on their concentration
levels as shown in Figure 4. Cluster 1 represents the
sampling locations with low concentration levels and
Cluster 2 the locations with high concentration levels of

selected elements. Based on the CA, the distribution of
each element varied at each sampling point. However,
most of the elements gave approximately the same linkage
distance between the sampling locations, indicating a
small range of concentrations between the locations for
each element. This was supported by the box plot
constructed in Figure 3. In general, the locations from
rivers are grouped in C2, which had higher concentrations.
This might be due to the accumulation of contaminants as
the rivers were shallow compared to the lake.
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Heavy Metal Pollution Index (HPI) and Metal
Index (MI)

In order to assess the risk of metal contamination in
the study area, the heavy metal pollution index (HPI)
and metal index (MI) were calculated based on the
concentrations of selected metals and their permissible
limits under NWQSM. The higher the ratio, the lower
the quality of the water sample. The critical value for
HPI is 100. All sampling locations in Temenggor
reported HPI values greater than 100, indicating that
these areas were most likely to have high pollution
from heavy metals. Meanwhile, the threshold level for
Ml is 1 and MI > 1 signifies a potential threat. The M
values for all 15 locations tested were > 1 except for
W01 with 0.98. The highest MI value (3.03) was at
W07, whereas other locations reported MI values in
the range of 1.19 - 2.26. The high HPI and MI values
might be due to elemental concentrations that
exceeded the threshold limit of NWQSM for drinking
water. Weathering and landslides could also be
sources of contamination in the water bodies of the
Temenggor area [25,26].

CONCLUSION

This study revealed that the physicochemical
parameters of waters from all the sampling points
satisfied the NWQSM Class | requirements with
values either lower or within the threshold range.
Observation of the relationships between parameters
using IBM SPSS showed strong correlations between
temperature-pressure, SPC-conductivity, SPC-TDS,
SPC-salinity,  conductivity-TDS, conductivity-
salinity, and  TDS-salinity. All  elemental
concentrations, except for Zn, were higher than the
threshold values of NWQSM. Besides, strong
correlations were observed between As-Cr, As-Se,
Cd-Cr, Cd-Zn, Cr-Pb, Cr-Zn and Pb-zZn. Cluster
analysis separated the sampling locations into two
groups: Cluster 1 contained low concentration levels
while Cluster 2 had high concentration levels for each
element. All locations reported HPI values > 100,
which indicates they were likely to be highly polluted
in terms of heavy metals. Additionally, all 15
sampling locations had Ml values > 1 except for W01,
indicating a possible health risk in terms of metals for
drinking water.

ACKNOWLEDGEMENTS

The authors would like to thank Jabatan Perhutanan
Negeri Perak, Bahagian Hulu Perak, and the staff of
Pulau Tali Kail Resort, Nurhazirah Arshad and PM Dr
Ahmad Saat for their help and cooperation during
sampling activities. The authors are also grateful to the
Institute of Sciences and Faculty of Applied Sciences,
Universiti Teknologi MARA (UiTM) Shah Alam for
permitting the use of their laboratory and facilities.

Assessment of Water Quality in the Temenggor
Forest Reserve Based on Physicochemical Data
and Elemental Content

REFERENCES

Malaysia Economic Planning Unit. Malaysia
Sustainable Development Goals Voluntary
National Review 2017, High-Level Political
Forum, (2017) Economic Planning Unit,
Prime Minister’s Department, Malaysia.

Sollitto, D., Romic, M., Castrignano, A.,
Romic, D., Bakic, H. (2010) Assessing
Heavy Metal Contamination in Soils of The
Zagreb Region (Northwest Croatia) Using
Multivariate Geostatistics. Catena, 80, 182-194.

Mowat, F. S. (2000) Toxicity assessment of
complex contaminant mixtures in Louisiana
sediments. Ph.D. Thesis. The Department of
Biomedical Engineering of the Graduate
School of Tulane University USA.

Gilfrich, J. V. (1990) New Horizons in X-
Ray  fluorescence  Analysis.  X-Ray
Spectrometric, 19, 45-51.

Nursyairah Arshad, Zaini Hamzah, Ab.
Khalik Wood and Ahmad Saat(2016)
Assessment of Radionuclides (Uranium and
Thorium) Atmospheric Pollution Around
Manjung District, Perak Using Moss as Bio-
Indicator. AIP Conference Proceedings,
1704, 0500009.

Pantenburg, F. J., Beier, T., Hennrich, F. and
Mommsen, H. (1992) The fundamental
parameter method applied to X-ray
fluorescence analysis with synchrotron
radiation. Nuclear Instruments and Methods
in Physics Research, 68, 125-132.

Yeung, Z. L. L., Kwok, R. C. W. and Yu, K.
N. (2003) Determination of multi-element
profiles of street dust using Energy
Dispersive X-Ray Fluorescence (EDXRF).
Applied Radiation and Isotopes, 58(3), 339-346.

Tholkappian, M., Ravisankar, R.,
Chandrasekaran, A., Jebakumar, J. P. P,
Kanagasabapathy, K. V., Prasad, M. V.R.
and Satapathy, K. K. (2018) Assessing heavy
metal toxicity in sediments of Chennai Coast
of Tamil Nadu using Energy Dispersive X-
Ray Fluorescence Spectroscopy (EDXRF)
with statistical approach. Toxicology Report,
5,173-182.

Oyedotun, T. D. T. (2018) X-ray
fluorescence (XRF) in the investigation of
the composition of earth materials: a review



11 Nursyairah Arshad, Ahmad Taufek Abdul Rahman,
Salifairus Mohammad Jafar, Nurul Wahida Aziz
and Rozita Osman

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

and an overview. Geology, Ecology, and
Landscapes, 2(2), 148-154.

Belum Temenggor Official  website,
available  from:  https://belum.com.my/
[Accessed 13 August 2020]

Usman Nasiru Usman, Mohd Ekhwan
Toriman, Hafizan Juahir, Musa Garba
Abdullahi, Ali Auwalu Rabiu, Hamza
Isiyaka (2014) Assessment of Groundwater
Quality Using Multivariate  Statistical
Techniques in Terengganu. Science and
Technology, 4(3), 42-49.

Massart, D. L. & Kaufman, L. (1983) The
interpretation of chemical data by the use of
cluster analysis. New York: Wiley.

Kshetriya, D., Warjri, C. D., Chakrabarty, T.
K. and Ghosh, S. (2021) Assessment of
heavy metals in some natural water bodies in
Meghalaya, India. Environmental Nano-
technology, Monitoring & Management, 16,
100512.

Isa, B. K., Kah, H. L., Sharifuddin, M. Z.,
Hafizan, J., Amina, S. B., Azman, A. &
Munirah, A. Z. (2020) Spatial variability in
surface water quality of lakes and ex-mining
ponds in Malacca, Malaysia: the
geochemical influence. Desalination and
Water Treatment, 197, 319-327.

Faridah Othman, Chowdhury, M. S. U., Wan
Zurina Wan Jaafar, Mohammad Faresh, E.
M. and Shirazi, S. M. (2018) Assessing risk
and sources of heavy metals in a tropical river
basin: A case study of the Selangor river,
Malaysia. Polish Journal of Environmental
Studies, 27(4), 1659-1671.

Rostom, N. G., Shalaby, A. A,, Issa, Y. M.
and Afifi, A. A. (2017) Evaluation of Mariut
lake water quality using Hyperspectral
Remote Sensing and laboratory works. The
Egyptian Journal of Remote Sensing and
Space Sciences, 20, 539-548.

Wetzel, R. G. (2001) Limnology: lake and
river  ecosystems.  Gulf  Professional

Publishing.
NWQSM, National Water-Quality Standard
Malaysia, Department of Environment

(DOE), Malaysia.

Ahmad Saat, Norannisak Muhd Isak, Zaini
Hamzah and Ab Khalik Wood (2014) Study
of Radionuclides Linkages Between Fish,
Water and Sediment in Former Tin Mining

20.

21.

22.

23.

24.

25.

26.

Assessment of Water Quality in the Temenggor
Forest Reserve Based on Physicochemical Data
and Elemental Content

Lake in Kampung Gajah, Perak, Malaysia.
The Malaysian Journal of Analytical
Sciences, 18(1), 170 -177.

Sabarina Md Yunus, Zaini Hamzah, Ab.
Khalik Wood and Ahmad Saat (2015)
Assessment of heavy metals in seawater and
fish tissues at Pulau Indah, Selangor,
Malaysia. AIP Conference Proceedings,
1659 (050007).

Statistic ~ Solutions.  Available  from:
https://www.statisticssolutions.com/pearson
s-correlation-coefficient/?__cf chl_jschl_tk
__=9f0009981e4c8acfdf3619207d2cf78c82
9b3chc-1614155793-0-AV54tKh7K1H1ImME
hugvZgvjéxn7iégn-8yvW7mancWwIn-QvB
PgAPNS6Iwzqli_pGKpjfaOxVLIPktZ_M6
NdeV-eHsHHihmyWzXG8aedR4XPIGfOIm
7vSfijsVHzMLIg25jBCh8bXpy-mhDWE3T
1tnXWFBbduOPRXJfboK7Pj6rY70mHJi23
jDxrtnfqv2n3doHBYiYniHo_W6niDfPgINb
1a5LJUxJ84GpiiamFcid3KxBQXLgZPvIPw
EL4xuk5N6dcqxB02sRVPHEWLxpfzmtgks
MItN2WnBvGFzs7qM13RJKxcR-799qJIH
_07Y9%94gwMUomMpaeRIjbxPIVrzBYTIZ1
UTxrUOE8EtoEgP5dTvg [Accessed on 2021].

Mohammad Ebrahimpour & Idris Mushrifah
(2008) Heavy metal concentrations in water
and sediments in Tasik Chini, a freshwater
lake, Malaysia. Environment Monitoring
Assessment, 141, 297-307, DOI 10.1007/s
10661-007-9896-7

Akinbile, C. O., Mohd Suffian Yusoff, Siti
Hidayah Abu Talib, Zorkeflee Abu Hasan,
Wan Roslan Ismail and Ummunajwa
Sansudin (2013) Qualitative analysis and
classification of surface water in Bukit
Merah Reservoir in Malaysia. Water Science
& Technology: Water Supply, 13(4), 1138-
1145,

Dautovié, J., Fiket, Z., Bare$i¢, J., Ahel, M.
and Mikac, N. (2014) Sources, distribution
and behavior of major and trace elements in
a complex Karst lake system. Aquatic
Geochemical, 20, 19-38.

Paul, B. T., Clement, G. Y., Anita, K. P. &
Dwayne, J. S. (2012) Heavy metals toxicity
and the environment. Clinical and
Environmental Toxicology. Experientia
Supplementum, 101,133-164.

He, Z. L., Yang, X. E. & Stoffella, P. J.
(2005) Trace elements in agroecosystems
and impacts on the environment. Journal of
Trace Elements in Medicine and Biology,
19(2-3), 125-140.


https://belum.com.my/
https://www.statisticssolutions.com/pearsons-correlation-coefficient/?__cf_chl_jschl_tk%20__=9f0009981e4c8acfdf3619207d2cf78c829b3cbc-1614155793-0-AV54tKh7K1H1mE%20hugvZgvj6xn7i6gn-8yvW7m9ncWwIn-QvB%20PgAPNS6lwzqJi_pGKpjf90xVLlPktZ_M6NdeV-eHsHHihmyWzXG8aedR4XPlGf0Im%207vSfijsVHzMLlq25jBCh8bXpy-mhDWE3T%201tnXWFBbduOPRXJfboK7Pj6rY70mHJi23jDxrtnfqv2n3doHBYiYniHo_W6niDfPglNbla5LJUxJ84GpiiamFcid3KxBQxLgZPvIPwEL4xuk5N6dcqxB02sRVPH6WLxpfzmtgksMItN2WnBvGFzs7qM13RJKxcR-799qJIH%20_o7Y94gwMUomMpaeRIjbxPlVrzBYTIZ1UTxrUOE8EtoEgP5dTvg
https://www.statisticssolutions.com/pearsons-correlation-coefficient/?__cf_chl_jschl_tk%20__=9f0009981e4c8acfdf3619207d2cf78c829b3cbc-1614155793-0-AV54tKh7K1H1mE%20hugvZgvj6xn7i6gn-8yvW7m9ncWwIn-QvB%20PgAPNS6lwzqJi_pGKpjf90xVLlPktZ_M6NdeV-eHsHHihmyWzXG8aedR4XPlGf0Im%207vSfijsVHzMLlq25jBCh8bXpy-mhDWE3T%201tnXWFBbduOPRXJfboK7Pj6rY70mHJi23jDxrtnfqv2n3doHBYiYniHo_W6niDfPglNbla5LJUxJ84GpiiamFcid3KxBQxLgZPvIPwEL4xuk5N6dcqxB02sRVPH6WLxpfzmtgksMItN2WnBvGFzs7qM13RJKxcR-799qJIH%20_o7Y94gwMUomMpaeRIjbxPlVrzBYTIZ1UTxrUOE8EtoEgP5dTvg
https://www.statisticssolutions.com/pearsons-correlation-coefficient/?__cf_chl_jschl_tk%20__=9f0009981e4c8acfdf3619207d2cf78c829b3cbc-1614155793-0-AV54tKh7K1H1mE%20hugvZgvj6xn7i6gn-8yvW7m9ncWwIn-QvB%20PgAPNS6lwzqJi_pGKpjf90xVLlPktZ_M6NdeV-eHsHHihmyWzXG8aedR4XPlGf0Im%207vSfijsVHzMLlq25jBCh8bXpy-mhDWE3T%201tnXWFBbduOPRXJfboK7Pj6rY70mHJi23jDxrtnfqv2n3doHBYiYniHo_W6niDfPglNbla5LJUxJ84GpiiamFcid3KxBQxLgZPvIPwEL4xuk5N6dcqxB02sRVPH6WLxpfzmtgksMItN2WnBvGFzs7qM13RJKxcR-799qJIH%20_o7Y94gwMUomMpaeRIjbxPlVrzBYTIZ1UTxrUOE8EtoEgP5dTvg
https://www.statisticssolutions.com/pearsons-correlation-coefficient/?__cf_chl_jschl_tk%20__=9f0009981e4c8acfdf3619207d2cf78c829b3cbc-1614155793-0-AV54tKh7K1H1mE%20hugvZgvj6xn7i6gn-8yvW7m9ncWwIn-QvB%20PgAPNS6lwzqJi_pGKpjf90xVLlPktZ_M6NdeV-eHsHHihmyWzXG8aedR4XPlGf0Im%207vSfijsVHzMLlq25jBCh8bXpy-mhDWE3T%201tnXWFBbduOPRXJfboK7Pj6rY70mHJi23jDxrtnfqv2n3doHBYiYniHo_W6niDfPglNbla5LJUxJ84GpiiamFcid3KxBQxLgZPvIPwEL4xuk5N6dcqxB02sRVPH6WLxpfzmtgksMItN2WnBvGFzs7qM13RJKxcR-799qJIH%20_o7Y94gwMUomMpaeRIjbxPlVrzBYTIZ1UTxrUOE8EtoEgP5dTvg
https://www.statisticssolutions.com/pearsons-correlation-coefficient/?__cf_chl_jschl_tk%20__=9f0009981e4c8acfdf3619207d2cf78c829b3cbc-1614155793-0-AV54tKh7K1H1mE%20hugvZgvj6xn7i6gn-8yvW7m9ncWwIn-QvB%20PgAPNS6lwzqJi_pGKpjf90xVLlPktZ_M6NdeV-eHsHHihmyWzXG8aedR4XPlGf0Im%207vSfijsVHzMLlq25jBCh8bXpy-mhDWE3T%201tnXWFBbduOPRXJfboK7Pj6rY70mHJi23jDxrtnfqv2n3doHBYiYniHo_W6niDfPglNbla5LJUxJ84GpiiamFcid3KxBQxLgZPvIPwEL4xuk5N6dcqxB02sRVPH6WLxpfzmtgksMItN2WnBvGFzs7qM13RJKxcR-799qJIH%20_o7Y94gwMUomMpaeRIjbxPlVrzBYTIZ1UTxrUOE8EtoEgP5dTvg
https://www.statisticssolutions.com/pearsons-correlation-coefficient/?__cf_chl_jschl_tk%20__=9f0009981e4c8acfdf3619207d2cf78c829b3cbc-1614155793-0-AV54tKh7K1H1mE%20hugvZgvj6xn7i6gn-8yvW7m9ncWwIn-QvB%20PgAPNS6lwzqJi_pGKpjf90xVLlPktZ_M6NdeV-eHsHHihmyWzXG8aedR4XPlGf0Im%207vSfijsVHzMLlq25jBCh8bXpy-mhDWE3T%201tnXWFBbduOPRXJfboK7Pj6rY70mHJi23jDxrtnfqv2n3doHBYiYniHo_W6niDfPglNbla5LJUxJ84GpiiamFcid3KxBQxLgZPvIPwEL4xuk5N6dcqxB02sRVPH6WLxpfzmtgksMItN2WnBvGFzs7qM13RJKxcR-799qJIH%20_o7Y94gwMUomMpaeRIjbxPlVrzBYTIZ1UTxrUOE8EtoEgP5dTvg
https://www.statisticssolutions.com/pearsons-correlation-coefficient/?__cf_chl_jschl_tk%20__=9f0009981e4c8acfdf3619207d2cf78c829b3cbc-1614155793-0-AV54tKh7K1H1mE%20hugvZgvj6xn7i6gn-8yvW7m9ncWwIn-QvB%20PgAPNS6lwzqJi_pGKpjf90xVLlPktZ_M6NdeV-eHsHHihmyWzXG8aedR4XPlGf0Im%207vSfijsVHzMLlq25jBCh8bXpy-mhDWE3T%201tnXWFBbduOPRXJfboK7Pj6rY70mHJi23jDxrtnfqv2n3doHBYiYniHo_W6niDfPglNbla5LJUxJ84GpiiamFcid3KxBQxLgZPvIPwEL4xuk5N6dcqxB02sRVPH6WLxpfzmtgksMItN2WnBvGFzs7qM13RJKxcR-799qJIH%20_o7Y94gwMUomMpaeRIjbxPlVrzBYTIZ1UTxrUOE8EtoEgP5dTvg
https://www.statisticssolutions.com/pearsons-correlation-coefficient/?__cf_chl_jschl_tk%20__=9f0009981e4c8acfdf3619207d2cf78c829b3cbc-1614155793-0-AV54tKh7K1H1mE%20hugvZgvj6xn7i6gn-8yvW7m9ncWwIn-QvB%20PgAPNS6lwzqJi_pGKpjf90xVLlPktZ_M6NdeV-eHsHHihmyWzXG8aedR4XPlGf0Im%207vSfijsVHzMLlq25jBCh8bXpy-mhDWE3T%201tnXWFBbduOPRXJfboK7Pj6rY70mHJi23jDxrtnfqv2n3doHBYiYniHo_W6niDfPglNbla5LJUxJ84GpiiamFcid3KxBQxLgZPvIPwEL4xuk5N6dcqxB02sRVPH6WLxpfzmtgksMItN2WnBvGFzs7qM13RJKxcR-799qJIH%20_o7Y94gwMUomMpaeRIjbxPlVrzBYTIZ1UTxrUOE8EtoEgP5dTvg
https://www.statisticssolutions.com/pearsons-correlation-coefficient/?__cf_chl_jschl_tk%20__=9f0009981e4c8acfdf3619207d2cf78c829b3cbc-1614155793-0-AV54tKh7K1H1mE%20hugvZgvj6xn7i6gn-8yvW7m9ncWwIn-QvB%20PgAPNS6lwzqJi_pGKpjf90xVLlPktZ_M6NdeV-eHsHHihmyWzXG8aedR4XPlGf0Im%207vSfijsVHzMLlq25jBCh8bXpy-mhDWE3T%201tnXWFBbduOPRXJfboK7Pj6rY70mHJi23jDxrtnfqv2n3doHBYiYniHo_W6niDfPglNbla5LJUxJ84GpiiamFcid3KxBQxLgZPvIPwEL4xuk5N6dcqxB02sRVPH6WLxpfzmtgksMItN2WnBvGFzs7qM13RJKxcR-799qJIH%20_o7Y94gwMUomMpaeRIjbxPlVrzBYTIZ1UTxrUOE8EtoEgP5dTvg
https://www.statisticssolutions.com/pearsons-correlation-coefficient/?__cf_chl_jschl_tk%20__=9f0009981e4c8acfdf3619207d2cf78c829b3cbc-1614155793-0-AV54tKh7K1H1mE%20hugvZgvj6xn7i6gn-8yvW7m9ncWwIn-QvB%20PgAPNS6lwzqJi_pGKpjf90xVLlPktZ_M6NdeV-eHsHHihmyWzXG8aedR4XPlGf0Im%207vSfijsVHzMLlq25jBCh8bXpy-mhDWE3T%201tnXWFBbduOPRXJfboK7Pj6rY70mHJi23jDxrtnfqv2n3doHBYiYniHo_W6niDfPglNbla5LJUxJ84GpiiamFcid3KxBQxLgZPvIPwEL4xuk5N6dcqxB02sRVPH6WLxpfzmtgksMItN2WnBvGFzs7qM13RJKxcR-799qJIH%20_o7Y94gwMUomMpaeRIjbxPlVrzBYTIZ1UTxrUOE8EtoEgP5dTvg
https://www.statisticssolutions.com/pearsons-correlation-coefficient/?__cf_chl_jschl_tk%20__=9f0009981e4c8acfdf3619207d2cf78c829b3cbc-1614155793-0-AV54tKh7K1H1mE%20hugvZgvj6xn7i6gn-8yvW7m9ncWwIn-QvB%20PgAPNS6lwzqJi_pGKpjf90xVLlPktZ_M6NdeV-eHsHHihmyWzXG8aedR4XPlGf0Im%207vSfijsVHzMLlq25jBCh8bXpy-mhDWE3T%201tnXWFBbduOPRXJfboK7Pj6rY70mHJi23jDxrtnfqv2n3doHBYiYniHo_W6niDfPglNbla5LJUxJ84GpiiamFcid3KxBQxLgZPvIPwEL4xuk5N6dcqxB02sRVPH6WLxpfzmtgksMItN2WnBvGFzs7qM13RJKxcR-799qJIH%20_o7Y94gwMUomMpaeRIjbxPlVrzBYTIZ1UTxrUOE8EtoEgP5dTvg
https://www.statisticssolutions.com/pearsons-correlation-coefficient/?__cf_chl_jschl_tk%20__=9f0009981e4c8acfdf3619207d2cf78c829b3cbc-1614155793-0-AV54tKh7K1H1mE%20hugvZgvj6xn7i6gn-8yvW7m9ncWwIn-QvB%20PgAPNS6lwzqJi_pGKpjf90xVLlPktZ_M6NdeV-eHsHHihmyWzXG8aedR4XPlGf0Im%207vSfijsVHzMLlq25jBCh8bXpy-mhDWE3T%201tnXWFBbduOPRXJfboK7Pj6rY70mHJi23jDxrtnfqv2n3doHBYiYniHo_W6niDfPglNbla5LJUxJ84GpiiamFcid3KxBQxLgZPvIPwEL4xuk5N6dcqxB02sRVPH6WLxpfzmtgksMItN2WnBvGFzs7qM13RJKxcR-799qJIH%20_o7Y94gwMUomMpaeRIjbxPlVrzBYTIZ1UTxrUOE8EtoEgP5dTvg
https://www.statisticssolutions.com/pearsons-correlation-coefficient/?__cf_chl_jschl_tk%20__=9f0009981e4c8acfdf3619207d2cf78c829b3cbc-1614155793-0-AV54tKh7K1H1mE%20hugvZgvj6xn7i6gn-8yvW7m9ncWwIn-QvB%20PgAPNS6lwzqJi_pGKpjf90xVLlPktZ_M6NdeV-eHsHHihmyWzXG8aedR4XPlGf0Im%207vSfijsVHzMLlq25jBCh8bXpy-mhDWE3T%201tnXWFBbduOPRXJfboK7Pj6rY70mHJi23jDxrtnfqv2n3doHBYiYniHo_W6niDfPglNbla5LJUxJ84GpiiamFcid3KxBQxLgZPvIPwEL4xuk5N6dcqxB02sRVPH6WLxpfzmtgksMItN2WnBvGFzs7qM13RJKxcR-799qJIH%20_o7Y94gwMUomMpaeRIjbxPlVrzBYTIZ1UTxrUOE8EtoEgP5dTvg
https://www.statisticssolutions.com/pearsons-correlation-coefficient/?__cf_chl_jschl_tk%20__=9f0009981e4c8acfdf3619207d2cf78c829b3cbc-1614155793-0-AV54tKh7K1H1mE%20hugvZgvj6xn7i6gn-8yvW7m9ncWwIn-QvB%20PgAPNS6lwzqJi_pGKpjf90xVLlPktZ_M6NdeV-eHsHHihmyWzXG8aedR4XPlGf0Im%207vSfijsVHzMLlq25jBCh8bXpy-mhDWE3T%201tnXWFBbduOPRXJfboK7Pj6rY70mHJi23jDxrtnfqv2n3doHBYiYniHo_W6niDfPglNbla5LJUxJ84GpiiamFcid3KxBQxLgZPvIPwEL4xuk5N6dcqxB02sRVPH6WLxpfzmtgksMItN2WnBvGFzs7qM13RJKxcR-799qJIH%20_o7Y94gwMUomMpaeRIjbxPlVrzBYTIZ1UTxrUOE8EtoEgP5dTvg
https://www.statisticssolutions.com/pearsons-correlation-coefficient/?__cf_chl_jschl_tk%20__=9f0009981e4c8acfdf3619207d2cf78c829b3cbc-1614155793-0-AV54tKh7K1H1mE%20hugvZgvj6xn7i6gn-8yvW7m9ncWwIn-QvB%20PgAPNS6lwzqJi_pGKpjf90xVLlPktZ_M6NdeV-eHsHHihmyWzXG8aedR4XPlGf0Im%207vSfijsVHzMLlq25jBCh8bXpy-mhDWE3T%201tnXWFBbduOPRXJfboK7Pj6rY70mHJi23jDxrtnfqv2n3doHBYiYniHo_W6niDfPglNbla5LJUxJ84GpiiamFcid3KxBQxLgZPvIPwEL4xuk5N6dcqxB02sRVPH6WLxpfzmtgksMItN2WnBvGFzs7qM13RJKxcR-799qJIH%20_o7Y94gwMUomMpaeRIjbxPlVrzBYTIZ1UTxrUOE8EtoEgP5dTvg

