
RESEARCH ARTICLE

Estimation of rainwater harvesting by the reflectance of the purity
index of rainfall

Siti Nor Fazillah Abdullah1
& Azimah Ismail1,2 & Hafizan Juahir1 & Fathurrahman Lananan1

& Nor Muzlinda Hashim1,3
&

Nadiana Ariffin1,4
& Tengku Azman Tengku Mohd4

Received: 26 April 2020 /Accepted: 29 January 2021
# The Author(s), under exclusive licence to Springer-Verlag GmbH, DE part of Springer Nature 2021

Abstract
Rainwater harvesting is an effective alternative practice, particularly within urban regions, during periods of water scarcity and
dry weather. The collected water is mostly utilized for non-potable household purposes and irrigation. However, due to the
increase in atmospheric pollutants, the quality of rainwater has gradually decreased. This atmospheric pollution can damage the
climate, natural resources, biodiversity, and human health. In this study, the characteristics and physicochemical properties of
rainfall were assessed using a qualitative approach. The three-year (2017–2019) data on rainfall in Peninsular Malaysia were
analysed via multivariate techniques. The physicochemical properties of the rainfall yielded six significant factors, which
encompassed 61.39% of the total variance as a result of industrialization, agriculture, transportation, and marine factors. The
purity of rainfall index (PRI) was developed based on subjective factor scores of the six factors within three categories: good,
moderate, and bad. Of the 23 variables measured, 17 were found to be the most significant, based on the classification matrix of
98.04%. Overall, three different groups of similarities that reflected the physicochemical characteristics were discovered among
the rain gauge stations: cluster 1 (good PRI), cluster 2 (moderate PRI), and cluster 3 (bad PRI). These findings indicate that
rainwater in Peninsular Malaysia was suitable for non-potable purposes.
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Introduction

Water is an essential component of our ecosystem, particularly
for anthropogenic activities such as domestic supply, irriga-
tion, and industry (Kamarudin et al. 2019; Suhaila and Jemain
2007). In recent years, the increasing population and anthro-
pogenic activities have resulted in a drastic reduction in

freshwater supply (Jasrotia et al. 2009). This water scarcity
is not only restricted within affected regions but has also be-
come a global issue due to the rapid growth of global popula-
tion and climatic change (GhaffarianHoseini et al. 2016).
Overexploitation of groundwater has caused significant envi-
ronmental pressures that has led to stress on water supply in
many countries. Thus, managing resources sustainably has
become a major global concern (Ghimire et al. 2019). An
increase in the efficiency and quality of water supply is crucial
to address and reduce the growing challenges in managing
sustainable water consumption (Kamarudin et al. 2020;
Sunardi et al. 2020; Santos and Taveira-Pinto 2013).

The diverse and reliable use of rainwater has been accepted
as an alternative solution to reduce water scarcity in several
countries (Ghisi et al. 2007). Thus, rainwater harvesting
(RWH) can help to provide water which is safer and more
sustainable (Man et al. 2014). The RWH system referred to
the rainwater that falls on the roof surface is channelled into a
gutter and collected in simple storage tanks or barrels via the
rainwater downpipe. The RWH for non-potable use has no
filtering and purification systems. The RWH system is a part
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of green technologies as this rainwater, which is a natural
resource, can be utilized for agriculture with the integration
of monitoring systems. Several studies have revealed that
there are multiple benefits of RWH (Helmreich and Horn
2009) as the collected water can be used for non-potable use
domestically (Adugna et al. 2018; Rowe 2011) and in agricul-
ture (Yousif and Bubenzer 2015). Additionally, the low cost
of installation for individual homes for non-potable indoor
usage and the associated water conservation potential has fur-
ther increased the popularity and global usage of this method.

Peninsular Malaysia receives an abundant rainfall through-
out the year as it is situated in the equatorial zone (Wan Zin
et al. 2010), placing this country at an advantage for extensive
opportunities of using RWH. In recent years, the Malaysian
government has launched an RWH policy, which has in-
creased the interest in using RWH in Peninsular Malaysia,
especially among researchers (Lani et al. 2018). The policy
was aimed at reducing the dependency on treated water and
providing a convenient buffer during periods of shortfall in
water supply (Lee et al. 2016). However, although RWH is
considered the best water management practice in Peninsular
Malaysia (Man et al. 2014), the presence of atmospheric pol-
lutants, overhanging foliage, and bird debris can cause con-
tamination to the otherwise clean freshwater harvested from
rainfall (Despins et al. 2009). Additionally, the high acidic
nature of harvested rainwater can significantly affect crops
and human health.

Several studies have been conducted to investigate rainwa-
ter quality with respect to chemical and microbial contami-
nants (De Kwaadsteniet et al. 2013; Lee et al. 2010). The
quality of harvested rainwater is based on the characteristics
of the region under consideration, such as topography, envi-
ronmental conditions (Liaw and Chiang 2014), proximity to
sources of contamination (Sazakli et al. 2007), form of the
catchment area, and water tank type (Adugna et al. 2018).
The harvested rainwater has multiple uses, particularly for
non-potable household use and irrigation. Rainwater is com-
monly used as an alternative source of water for activities such
as daily consumption, flushing toilets, and outdoor activities
like irrigation and plant watering. Therefore, the assessment of
atmospheric rainwater pollution is vital to design RWH sys-
tems for any non-potable uses.

Multivariate techniques such as principal component analysis
(PCA), factor analysis, cluster analysis, and discriminant analysis
(DA) have been applied for a better understanding of environ-
mental issues through the interpretation of sophisticated data
metrics (Sârbu and Pop 2005). Previous studies have shown that
multivariate techniques can be used to accurately assess the qual-
ity of groundwater (Monjerezi et al. 2011; Cloutier et al. 2008;
Menció and Mas-Pla 2008), river water (Ogwueleka 2015;
Mustapha et al. 2012; Fan et al. 2010; Juahir et al. 2009; Panda
et al. 2006), marine water (Ismail et al. 2016; Wu et al. 2010;
Zhou et al. 2007), and reservoirs (Juahir et al. 2019; Gu et al.

2016; Varol 2013). A study by Sazakli et al. (2007) and Al-
Khashman (2009) suggests that PCA and factor component
analysis could be used to detect the factors influencing the
properties of the rainwater. Niu et al. (2014) used factor analysis
and cluster analysis to explore the chemical characteristics of
rainwater. However, a comprehensive application of multivariate
techniques to analyse data from rainwater or rainfall in
Peninsular Malaysia is lacking. A previous study applied factor
analysis to develop an index to accurately measure and describe
the quality of rainwater (Fazillah et al. 2018).

In this study, the assessment of purity index was based on
the historical rainfall data as obtained from the ‘clean’ rain
gauges. The changes in precipitation can impact the perfor-
mance of RWH systems. Therefore, this study focused on the
assessment of the characteristics of rainwater used for non-
potable uses by developing a purity of rainfall index (PRI).
The PRI can be used as an indicator to determine the level of
rainwater quality in the rain gauge stations. Thus, it will act as
a guideline to classify the use of harvested rainwater.
Harvested rainwater is vital as a recharge system in the hydro-
logical cycle. This study suggests, based on the PRI values,
adequate and necessary treatments that could then be imple-
mented based on the purpose of the water use. The availability
of PRI facilitates the relevant agencies in monitoring air qual-
ity as well. Hence, this study will help to achieve the goal of a
sustainable and efficient method to address the problem of
water supply.

Data and procedure

Description of rain gauge stations

The study area encompassed 131,587 km2, which covers the
entire area of Peninsular Malaysia, and comprises of 18 rain
gauge stations (Fig. 1). Peninsular Malaysia has a tropical
rainforest climate, which is warm and humid throughout the
year, as evidenced by high annual precipitation, humidity, and
temperature. The yearly rainfall in Peninsular Malaysia is ap-
proximately between 2000 and 4000 mm, with an annual
number of wet days ranging from 150 to 200 (Suhaila and
Jemain 2007). Precipitation is distributed in Peninsular
Malaysia between two monsoon and two inter-monsoon sea-
sons. The southwest monsoon season occurs from May to
August, which usually brings heavy rainfall to the west coast
of Peninsular Malaysia, whereas the northeast monsoon sea-
son occurs from November to February, causing heavy rain in
the northeastern region of Peninsular Malaysia (Suhaila et al.
2010). However, during the inter-monsoon seasons, heavy
rainfall usually occurs in the west coast of the Peninsular
Malaysia. Substantial rainfall also occurs sparingly through-
out the country during transitional periods (Gazzaz et al.
2012).
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Data collection

Daily rainfall data for this study was obtained from the
Department of Chemistry, Malaysia. The data covered a peri-
od of 3 years (2017 to 2019) and included 18 rain gauge
stations in Peninsular Malaysia.

Data treatment by statistical technique

The chemical analysis was conducted according to Standard
Methods (APHA 1995). The quality measurements from the
rain gauges were continuously monitoring. The cations and
anions were analysed by the METROHM 881 Compact Ion
Chromatograph. For trace metal analysis, a Perkin Elmer
NexION 300Q ICP-MS (Perkin-Elmer Inc., USA) fitted with
a Perkin Elmer integrated auto-sampler, cross-flow nebulizer,
and quartz torch were used. Additionally, the pH and EC of
rainwater were calculated using pH meter (Mettler Toledo)
and conductivity meter (Mettler Toledo), respectively. All
rainfall data obtained from the Department of Chemistry,
Malaysia, were pre-treated for subsequent statistical analysis.
A total of 30,498 data points (23 variables × 1326 dataset) had
been engaged to run the multivariate analysis, using Excel

2013 (Microsoft Office) and the XLSTAT add-in software.
The data encompassed 23 physicochemical and metal vari-
ables: NH4

+, Ca2+, F-, Mg+, K, Na+, NO-3, SO4-
2, C2H3O2,

Cl-, CHO2
-, CH4O3S, C2O4(2

−), Cu, Fe, Mn, Hg, Ni, Cd,
conductivity (EC), Pb, pH, and Zn. Multivariate techniques
consisted of the PCA, DA, and hierarchical agglomerative
cluster analysis and were used to analyse the rainfall data to
assess the characteristics of the harvested rainwater.

Principal component analysis

PCA is one of the most efficient multivariate statistical tech-
niques used to reveal a simple underlying structure of a dataset
(Ismail et al. 2018; Tahir et al. 2018; Halim et al. 2010). PCA
is designed to transform the original variables into new uncor-
related variables called the principal components (PCs), which
are linear combinations of the original variables. The new axes
lie along with the directions of maximum variance (Shrestha
andKazama 2007). PCs provide information on the entire data
without losing the original information (Helena et al. 2000).
The PCs can be expressed as

ð1Þ

Fig. 1 Peninsular Malaysia
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Based on the expression mentioned above, ȥ is the compo-
nent score, and a is the component loading, x is the measured
value of the variable, i is the component number, j is the
sample number, and m is the total number of variables.
These PCs were subjected to the varimax rotation generating
varactors (VFs) to minimize the complexity of the compo-
nents by making the significant loadings larger and the minor
loadings smaller, within each component. The varimax rota-
tion method is a powerful method to ensure that each variable
is only correlated with one component and has almost no
correlation with other components (Dominick et al. 2012;
Mustapha et al. 2013). In the present study, all principal fac-
tors with an eigenvalue more than 1 were taken into account
(Cloutier et al. 2008). The VF values higher than 0.75 were
considered strong factor loadings. The values ranging from
0.50 to 0.75 were deemed to be moderate, and the values
ranging from 0.30 to 0.49 were regarded as weak factor load-
ings (Liu et al. 2003).

In this study, PCA was applied on 23 physicochemical and
metal variables to identify the latent factor contributing to the
existing parameters of rainfall data. Each factor can be viewed
as one aspect of rainwater. Therefore, factor scores were used
as a single index that indicated the element that the factor was
associated with. PRI was considered a composite of different
variables and was computed by weighting each factor score
with the respective variance using the equation mentioned
below:

PRI ¼ ∑
n

i
FIwi ð2Þ

where n is the number of factors selected, FI is the factor i
score, and wi is the percentage of the variance factor that i
explains. In this study, univariate clustering was used to exe-
cute PRI, which was divided into three categories: good, mod-
erate, and bad. The lowest value of PRI indicates good quality
of harvested rainwater, while the highest value of PRI indi-
cates the poorest quality of harvested rainwater. The index
categories of PRI were based on physicochemical compounds
in the atmosphere depending on the weightage value of each
pollutant, as explained below:

GPRI: The weightage value for this category lies from
−18.272 to 35.1851. The lowest value of PRI indicates
that the quality of harvested rainwater is good and the
atmospheric pollutants do not have a significant effect
on the rainwater quality. No treatment is needed for this
harvested rainwater.
MPRI: The weightage value for this category lies from
36.661 to 186.169. The rain gauge stations which fall in
this category were classified as moderately polluted,
though the quality of the harvested rainwater did not vary

significantly. Simple treatment methods are required be-
fore this water can be used in households.
BPRI: The weightage value for this category lies from
331.140 to 397.997. The high weightage values indicate
that atmospheric pollution in the rain gauge station sites
resulted in in poor quality of the harvested rainwater.
Thus, extensive treatment is needed before this water
can be used.

The index values comprise of both negative and positive
values, which were rescaled to z values (to formulate on a new
smaller scale to ensure that variance for each variable would
be equal to unity) using the following equation:

Rescaling 1 to 100ð Þ ¼ aþ xi−Að ÞX b−að Þ= B−Að Þ½ � ð3Þ
where a is equal to 1; xi is the actual observation; A and B are
the lowest and highest factor scores, respectively; and b is a
constant with a value of 100.

Discriminant analysis

DA is a multicomponent statistical technique that uses pattern
recognition on a set of independent variables to classify ob-
jects into exclusive or exhaustive groups (Azemin et al. 2018;
Khairuddin et al. 2018; Zolkipli et al. 2018; Gazzaz et al.
2012). The linear combination of the independent variables
found through these techniques discriminates the groups in
such a way that misclassification error rates are minimized
(Lambrakis et al. 2004). The variance-covariance between the
classes would be maximized, while the variance-covariance
within the classes would be minimized under simultaneous
consideration of all types analysed (Kowalkowski et al. 2006;
Vaselli et al. 1997). Discriminant factors (DFs) were construct-
ed for each cluster using the following equation:

f Gið Þ ¼ kiþ ∑
n

j¼1
wijpij ð4Þ

where i represents the number of groups (G), ki is the constant
inherent to each group, n is the number of parameters used to
classify a set of data into a given group, and wj is the weight
coefficient assigned by DF analysis (DFA) to a given parameter
(pj) (Kannel et al. 2007).

In this study, DAwas conducted on raw data based on three
different modes, standard, forward, and backward stepwise, to
construct DFs to evaluate variations in physicochemical prop-
erties and metal concentrations in rainfall. The data input to
DA constituted 1326 samples. The standard DAmode of con-
structed DFs contained all parameters. In the stepwise forward
mode, variables were added step by step, beginning with the
most significant changes. On the other hand, in the stepwise
backward mode, the variables were removed step by step,
beginning with the least significant or no significant changes.
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Hierarchical agglomerative cluster analysis

Cluster analysis is an unsupervised pattern recognition meth-
od that groups object into classes, defining underlying behav-
iour or intrinsic structure of the datasets without making prior
assumptions about the potential structure of the data (Wu et al.
2010). The most common cluster analysis method used to
assemble objects based on the characteristics is called the hi-
erarchical agglomerative cluster analysis (HACA) (Juahir
et al. 2011; Mutihac and Mutihac 2008; Shrestha and
Kazama 2007). HACA is a statistical reduction method com-
monly used to classify variables into clusters, which provides
intuitive similarity relationships between any single sample
and the entire dataset, which is then illustrated by a dendro-
gram that illustrates the clusters and proximity (Toriman et al.
2015; McKenna 2003). In this study, HACA was conducted
using Ward’s method that applied Euclidean distance as a
measure of similarity (Fazillah et al. 2017; Toriman et al.
2015; Wu et al. 2010).

Findings and argumentations

Data on rainfall properties

Table 1 provides a summary of the characteristics of rainwater
in Peninsular Malaysia from 2017 to 2019. The pH of rainwa-
ter from Peninsular Malaysia was acidic (pH 3.39–7.36), with
the highest acidity recorded was fromMuadzam Shah, and the
lowest from Bukit Kledang. The neutral pH value recorded in
Bukit Kledang, located in Ipoh, Perak, was possibly due to a
higher altitude and cleaner air as compared to the areas with
low pH values in Muadzam Shah. This well-planned town
was still rapidly developing at the point of this study.

High altitude areas are mostly be covered by forestry,
which helps increase the O2 level and decrease the level of
CO2. Thus, rainwater would only be slightly acidic due to the
reaction with CO2 in the atmosphere (Narany et al. 2014).
Acidic rain has a higher concentration of CO2, whose emis-
sions are higher in the urban areas as compared to those in the
rural areas (Igboekwe et al. 2011). High EC levels indicate the
dissolved ion contents in the rainwater, and as the amount of
the ions present in the atmosphere increases, EC also increases
as salinity increases (Liu et al. 2003). The Cl- showed the
highest variance among the rain gauge stations (155.5906
mg/L).

Data on the dimensions of rainfall

Before conducting the PCA, the Kaiser-Meyer-Olkin (KMO)
and Barlett’s sphericity test were conducted on the parameter
correlation matrix to examine the validity of the PCA. The
KMO result was 0.72, and Bartlett’s test was significant (p <

0.0001), which showed the validated use of PCA. The signif-
icant PCs were factors that explained the most variation of
rainwater in Peninsular Malaysia. Eight significant PCs, with
an eigenvalue greater than 1 (Table 1), were extracted from the
variables for a total explained cumulative variance of 70.27%.
The variances explained by the individual PCs were 23.84%
for PC1, 10.81% for PC2, 9.24% for PC3, 6.79% for PC4,
5.68% for PC5, 5.03% for PC6, 4.52% for PC7, and 4.36% for
PC8. The first four PCS were the most significant, explaining
a total of 50.68% of the variance in the data. Results from this
study indicated that six factors in the PCA accounted for
61.39% of the total variations in the physicochemical proper-
ties and metal contents in rainwater. These six factors were
used to define the dimensions of rainwater in the study area.

Table 1 shows that all 23 physicochemical and metal pa-
rameters used in PCA had a satisfactory 0.5-factor loading
threshold. PC1 accounted for the most significant amount of
variance at a total of 23.84% and was loaded positively with

Table 1 The concentration of physicochemical and metal parameters in
rainwater of Peninsular Malaysia

Parameter Unit Minimum Maximum Median Mean SD

NH4
+ mg/L 0.050 758.290 2.905 14.863 49.117

Ca2+ mg/L 0.050 289.630 3.085 8.403 21.489

F- mg/L 0.025 30.350 0.100 0.563 1.677

Mg+ mg/L 0.100 255.830 1.220 4.237 15.269

K mg/L 0.040 122.300 1.910 4.431 9.855

Na+ mg/L 0.160 2397.060 10.160 35.368 135.111

NO-3 mg/L 0.010 1037.190 8.155 18.178 45.587

SO4-
2 mg/L 0.005 218.560 7.025 11.962 19.086

C2h3O2 mg/L 0.025 45.700 0.025 0.495 2.348

Cl- mg/L 0.040 2645.630 13.120 42.577 155.591

CHO2
- mg/L 0.020 29.740 0.050 0.230 1.153

CH4O3S mg/L 0.015 4.350 0.015 0.071 0.291

C2O4(2−) mg/L 0.010 2.450 0.035 0.100 0.188

Cu mg/L 0.003 3.479 0.014 0.050 0.175

Fe mg/L 0.035 2.985 0.035 0.113 0.205

Mn mg/L 0.002 1.352 0.046 0.086 0.121

Hg mg/L 0.000 0.006 0.000 0.000 0.000

Ni mg/L 0.015 1.908 0.015 0.041 0.149

Cd mg/L 0.001 0.292 0.001 0.002 0.009

EC - 0.009 37.000 1.150 1.850 2.893

Pb mg/L 0.001 0.592 0.001 0.005 0.023

pH - 3.390 7.360 4.990 5.053 0.609

Zn mg/L 0.001 26.545 0.135 0.464 1.231

Abbreviations for physicochemical and metal compounds in this study:
NH4

+ ammonium, Ca2+ calcium, F- fluoride, Mg+ magnesium, K po-
tassium, Na+ sodium, NO-3 nitrate, SO4-

2 sulphate, C2h3O2 acetate, Cl
-

chloride, CHO2
- formate, CH4O3S methane sulfonic acid, C2O4(2−) ox-

alate, Cu copper, Fe iron, Mn manganese, Hg mercury, Ni nickel, Cd
cadmium, EC conductivity, Pb lead, pH, Zn zinc; SD standard deviation
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Mg+, Na, Cl-, and EC, characterized by four variables loaded
on a single factor and one variable simultaneously loaded in
factor 2. This factor was interpreted to be water-soluble ions,
considering the nature of the four rainwater variables. These
chemicals originate from natural and anthropogenic aerosols
(Bellouin et al. 2005). Natural aerosols were mostly soil dust
and marine aerosols, whereas anthropogenic aerosols were
emitted from agricultural and industrial activities such as ve-
hicle exhaust, road dust, and biomass burning (Farren et al.
2019). The highest loading value of these ions in factor 1 was
in line with the composition of these ions as significant com-
ponents of atmospheric aerosol (Zhang et al. 2011). There was
a significant correlation between the appearance of the ions
and EC, where the presence of ions in rainwater increased the
electrical conductivity of water (Kazi et al. 2009). The pres-
ence of a high concentration of ions reduced the pH value (Al-
Badaii et al. 2012).

PC2 was responsible for 10.81% of the total variation in
physicochemical properties and metal contents and had the
highest number of variable loadings on a single factor. The
variables were NH4

+, K, NO-
3, SO4

2-, Ni, and EC. This factor
may be considered inorganic particles except for K and Ni,
which were metals. There was a strong correlation among
NH4

+, NO-
3, and SO4

2- in the atmosphere, which originated
from NH3

+. The emission of NH3
+ into the atmosphere has

increased due to anthropogenic activities (Ianniello et al.
2011). The NH3

+ emissions are generally caused by livestock
farming, human excrements, synthetic fertilizer, crops, bio-
mass burning in agriculture and biofuel use, fossil fuel com-
bustion, and industrial and anthropogenic emissions
(Bouwman et al. 1997). Based on the records of 2010, com-
bustion and industrial sources accounted for the highest pro-
portion of NH3

+ emissions, with the total emissions of 11.8%,
mainly from urban areas (Meng et al. 2017).

Anthropogenic activities may influence the acidity levels in
rainwater, resulting in the emissions of acidic gasses like SO2,
NOX, and NH3. These gasses form sulphuric and nitric acids
when dissolved in the atmosphere (Kulshrestha et al. 2003)
and significantly influence the acidity of the atmosphere
(Zhang et al. 2011). The emission of NH3

+ occurs when ex-
posed to air. The reaction of NH3

+ with SO2 and NOX con-
tribute to the formation of secondary inorganic aerosols, in-
cluding NH4

+, NO-
3, and SO4

2- (Zhao et al. 2019a, b). The K+

ion content was also a positively loaded factor, which sug-
gested significant emissions from urban and industrial sources
such as wood smoke, combustion of solid fuels, construction
and demolition, soil dust, sea salt, and coal fire (Pachon et al.
2013).

Ni was loaded simultaneously in PC6 with other heavy
metals. Ni is emitted into the ambient air at a high temperature
through natural and anthropogenic sources (Harasim and
Filipek 2015). The release of Ni into the atmosphere can be
both in a particulate matter or gaseous forms that attach to

other fine particles (Tian et al. 2012). The emissions of Ni
increased due to transportation and industrialization (Cempel
and Nikel 2006). However, natural sources of Ni emissions
include windborne dust particles, vegetation, sea salt, and for-
est fires (Tian et al. 2012). The deposition of this metal in the
atmosphere neutralizes the effect of acidity from sulphur and
nitrate (Simmons et al. 2001).

The third group (PC3), with a total variance of 9.24%,
received high loadings from C2H3O2 and CHO2

-, with a mod-
erate load on CH4O3S in the rainwater, which was interpreted
to be organic acid. Both C2H3O2 and CHO2

- anions had strong
factor loadings in factor 3 from acetic acid and formic acid,
which was known as a carboxylic acid. Generally, the exis-
tence of carboxylic acids such as C2H3O2 and CHO2

- were
found in abundance within the environment, both in urban and
rural areas (Kerminen et al. 2000). The sources of these acids
may vary, based on the exposure of biomass burning fossil
fuel combustion, sea spray, and transportation and industrial
emissions as well as photochemical oxidation of precursors of
anthropogenic and biogenic origins (Alwe et al. 2019). The
acidity of the rainwater was because of the presence of water-
soluble carboxylic acids.

On the other hand, methanesulfonic acid (MSA) had a
moderate loading in factor 3 (0.58), with a strong correlation
with the atmospheric sulphur cycle in the marine environment
(Henriques and De Marco 2015). MSA was the primary at-
mospheric photo-oxidation product from the gaseous
dimethylsulfide (DMS) (Hodshire et al. 2019). The sulphur
emitted from the oceans primarily in the form of DMS was
produced through the sulphur cycle during the biological pro-
cess in the oceans and in agricultural, industrial, and domestic
activities (Dawson et al. 2012). Once in the atmosphere, DMS
was oxidized by OH to produce SO2 and MSA.

The fourth factor accounted for 6.79% of the variance in the
rainfall, characterized by mineral ions (Ca2+ and F- with factor
loadings of 0.79 and 0.57, respectively) andmetal (factor loading
of 0.52 for Zn). Sources of these compounds were, however,
varied. The Ca2+ ions originated from crustal source, in which
some anthropogenic activities such as construction and heavy
traffic might have contributed to the presence of Ca2+ in the
atmosphere (Wang et al. 2006a, b). The F- ions could enter the
atmosphere from both natural and anthropogenic sources
(Chakraborty and Gupta 2010). Nonetheless, natural sources
such as volcanic eruption, rock dust, and marine aerosols con-
tributed a small portion of this compound to the atmosphere
(Walna et al. 2007). Among anthropogenic processes, F- was
mainly emitted to the atmosphere from phosphate fertilizer pro-
duction, aluminium reduction, metal smelting, and other indus-
trial activities including brick, tile, pottery, cement works, ceram-
ic industry, and glass manufacturing (Walna et al. 2013). The
existence of Zn in the harvested rainwater also varied as Zn can
be sourced from road dust, tire wear of vehicles, galvanizing
activities, incineration, and fossil fuel combustion (Wang et al.
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2006a). Additionally, past studies have revealed that a possible
reason for the concentration of Zn might be the result of contam-
ination from usingmetal rooftops to collect rainwater (VanMetre
and Mahler 2003).

The fifth factor explained 5.68% of the variance in the
dataset, distinguished by the high loading from Fe (0.84)
and moderate loading from oxalate (0.50), and Mn+ (0.65)
and negative loading from pH (0.51). The pH level was neg-
atively correlated as the heavy metals (Fe and Mn+) decreased
the acidity of rainwater (Simmons et al. 2001). Fe and Mn+

had crustal origins and were emitted primarily from industrial
metallurgical processes (Wang et al. 2006a, b). Interestingly,
Fe had the highest loading in this factor, mainly due to exhaust
emissions of gasoline and other fuels in transportation. On the
other hand, Mn+ had a moderate load in this factor, which was
usually emitted from the combustion of fossil fuels and incin-
erator ash (Moreno et al. 2011; Allen et al. 2001). The signif-
icant correlation between Fe and Mn+ suggested that these
metals had two common sources, motor vehicles, and indus-
trial activities (Kabadayi and Cesur 2010). Besides, oxalate
was an organic ion produced through photochemical reactions
that occurred in the atmosphere, which was strongly associat-
ed with sea salt particles in the atmosphere (Kerminen et al.
2000). The interaction of organic ion with metals may be an
essential parameter in controlling the acidity of rainwater, as
supported through the negative correlations between Fe and
Mn+ with pH.

The sixth factor accounted for approximately 5.0% of the
variance in the data, which showed high loading from Pb
(0.80) but moderate loadings from Cu (0.59) and Ni (0.57),
and were interpreted as toxic trace metals. These metals were
found to be tightly bonded and usually originated from natural
and anthropogenic sources. In the natural process, trace metals
were emitted from crustal minerals, including erosion, surface
winds, volcanism, forest fire, and the oceans (Wang et al.
2006a, b). Among anthropogenic activities, trace metals were
emitted through industrial processes such as combustion of
fossil fuels and wood, vehicular exhaust, and waste incinera-
tion (Allen et al. 2001). These metals could also be emitted
from the exhaust of gasoline and diesel-fuelled road vehicles
(Allen et al. 2001). The highest loading for Pb indicated that
there were diverse sources of emission, such as from manu-
facture of paint and batteries (Zhang et al. 2002), whereas the
lower factor loadings of Cu and Ni demonstrated that emis-
sions from vehicles were not significant (Munim et al. 2014).

Lastly, both of the seventh and eighth factors receive only
single digit loadings from Cd and Hg. These factors indicated
the presence of heavy metals in the rainwater, which might be
due to the interaction between the type of material used for the
rooftops and the collected rainwater. The contamination of
heavy metals occurred when rainwater that was collected on
the roof dissolved themetal component from the surface of the
material used for the rooftops (Chang et al. 2004). However,

as the value of variance was less than 5.0%, it can be assumed
that the underlying construct of rainfall data in Peninsular
Malaysia was associated with six, rather than eight, factors,
accounting approximately for 61.4% of the variations in the
dataset. Therefore, the heavy metals (Cd and Hg) that were
detected in PC7 to PC8 were not considered to be significant
in this study (Reimann et al. 2002).

In this study, PCA did not result in significant data reduc-
tion, as 21 parameters (about 91% of the 23 parameters) ex-
plained 61% of the data variance (Table 2). However, PCA
served as a means to identify these parameters, which contrib-
uted significantly to the spatial variation in the rainwater. The
findings showed that the chemical property of rainwater with-
in the study area was not significantly affected by heavy
metals. Hence, the rainwater was considered safe for non-
potable human consumption.

Determination of the PRI

Apart from determining the variation in the dataset, PCA was
used to develop an index for the rainfall data using factor
scores generated through PCA. Based on the value of
rescaling, the lowest value indicated good PRI, which
contained a small number of chemical properties, while the
higher values indicated high loads of chemical properties. Of a
total of 1366 rainfall datasets, 1249 were found to be in the
‘good’ category, 73 were in the ‘moderate’ category, and 4
were under the ‘bad’ category. Generally, the PRI values ob-
tained in this study indicated that the rainwater could be har-
vested and is safe for non-potable uses.

Index variation of rainfall

Index variations of physicochemical and metal parameters of
the rainfall from different rain gauge stations were further
evaluated through DA. The significance of discriminant func-
tion and the most significant variables associated with the
differences between scale indices were assessed using the
dataset based on the PRI developed using the PCA. The indi-
ces were treated as dependent variables, and the measured
physicochemical and metal parameters were treated as inde-
pendent variables. The classification functions (DFs) and clas-
sification matrices (CMs) obtained from standard, forward,
and backward modes are listed in Table 3 and 4.

The standard DA mode was used to construct DFs that
contained all parameters. The coefficient of sulphate and chlo-
ride were close to zero (Table 3). As shown in Table 4, all
modes of DA correctly assigned more than 98% of the cases
with different variables. In a standard mode that uses 23 dis-
criminant variables, CM correctly assigned 98.87% of the
cases. Through the forward and backward stepwise mode on
17 and 19 discriminant variables, 98.04% and 98.11% of the
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CMs were reported as correct, respectively. However, CM
produced 98.04% of correct assignments in the stepwise for-
ward mode that used 17 discriminant parameters. This result
was similar to those obtained from standard and backward
modes, but with fewer parameters. The stepwise backward
mode that included Na2+, EC, and pH as additional variables,
with the exclusion of Ca2+, had a higher spatial variation.

The Pillai’s Trace test for standard, forward, and backward
modes revealed a trace value of 1.4323 (p < 0.0001), 1.4291
(p < 0.0001), and 1.4300 (p < 0.0001), respectively. The null
hypothesis (H0) stated that the mean vectors of the three clas-
ses were equal. The alternative hypothesis (Ha) stated that at
least one of the mean vectors was different from the others. As
the computed p value was lower than the significance level
alpha (0.05), the null hypothesis was rejected. The risk to
reject H0 was true only when the result was lower than
0.01%. Thus, the DA suggested that NH4

+, Ca2+, Mg+, K,

NO-3, SO4-
2, C2H3O2, Cl

-, CHO2
-, CH4O3S, Cu, Mn, Hg,

Ni, Cd, Pb, and Zn were sufficient to discriminate the three
groups and accounted for most of the index scale variations in
rainwater.

Spatial classification of rain gauge stations

HACA was conducted on the rainfall dataset to evaluate spa-
tial variation among 18 rain gauge stations. The clustering
procedure generated three clusters, and the stations in these
clusters had similar characteristics and natural backgrounds.
This analysis resulted in the grouping of rain gauge stations in
three clusters within a hierarchical dendrogram at (Dink/Dmax)
× 100 < 15 (Fig. 2). Cluster 1 (Alor Setar, Batu Embun, Bayan
Lepas, Bukit Kledang, Chuping, Kluang, Kota Bharu, Kuala
Terengganu, Kuantan, Melaka, Mersing, Petaling Jaya, Senai,
Sitiawan, and Tanah Rata), cluster 2 (Bachok), and cluster 3

Table 2 Eigenvalues from the principal component analysis illustrating variance, cumulative variance and factor loading

Parameter PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8

NH4
+ 0.132 0.850 -0.045 0.048 0.056 -0.016 0.018 0.050

Ca2+ 0.197 0.194 0.070 0.791 0.013 0.010 0.000 -0.001

F- -0.033 0.067 0.143 0.568 0.169 0.029 -0.250 -0.228

Mg+ 0.985 0.073 0.007 0.066 -0.016 0.030 0.018 0.005

K 0.476 0.601 0.047 0.298 -0.060 -0.007 0.050 0.033

Na+ 0.989 0.016 -0.002 0.004 -0.015 0.035 0.012 0.007

NO-3 0.072 0.828 0.009 0.047 0.017 0.160 0.079 -0.003

SO4-
2 0.442 0.551 -0.051 0.184 0.308 -0.031 -0.158 -0.096

C2h3O2 0.000 -0.038 0.791 0.032 0.044 0.013 0.037 0.035

Cl- 0.988 0.025 -0.001 0.022 -0.012 0.030 0.004 0.000

CHO2
- 0.019 0.017 0.834 -0.046 0.044 0.017 -0.013 0.006

CH4O3S 0.017 0.001 0.581 0.243 0.146 -0.077 -0.056 -0.019

C2O4(2−) -0.009 -0.120 0.330 0.214 0.502 -0.049 0.150 -0.074

Cu 0.287 0.181 -0.026 0.228 0.099 0.589 0.126 0.047

Fe -0.015 0.023 0.070 -0.023 0.836 0.082 0.006 0.025

Mn 0.157 0.154 -0.017 0.188 0.650 0.094 0.189 0.162

Hg -0.016 0.025 0.025 -0.009 0.031 -0.006 -0.073 0.919

Ni -0.022 0.565 0.018 -0.023 -0.068 0.575 0.185 0.002

Cd 0.002 0.074 0.009 -0.002 0.066 -0.009 0.886 -0.080

EC 0.788 0.520 0.025 0.077 0.199 0.076 -0.047 -0.040

Pb 0.074 -0.002 0.010 -0.034 0.126 0.808 -0.128 -0.035

pH 0.035 -0.173 -0.140 0.497 -0.507 -0.137 0.149 0.277

Zn 0.028 0.205 -0.078 0.523 0.162 0.356 0.149 0.042

Eigenvalue 5.483 2.486 2.124 1.563 1.306 1.158 1.040 1.002

Variability (%) 23.841 10.810 9.236 6.794 5.678 5.033 4.521 4.358

Cumulative % 23.841 34.651 43.887 50.682 56.360 61.392 65.913 70.271

*Red colour showed a significant positive loading; yellow indicated moderate positive loading and green represented moderate negative loading
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(Muadzam Shah and Seberang Perai) corresponded to good,
moderate, and bad PRI, respectively (Fig. 3). The results from
HACA implied that rainwater samples could be collected reg-
ularly from only one station within each cluster, as the selected
station in the cluster represents the entire cluster.

Cluster 1 was classified as having a good PRI, as the results
showed these regions having the least contribution of physi-
cochemical and metal parameters as compared to the other
clusters. This cluster comprised of 15 rain gauge stations
which were scattered across the regions of Peninsular
Malaysia. These regions were characterized by the residential
areas, city centre with traffic congestions, as well as the air-
port, commercial, and industrial activities, which were consid-
ered under good PRI.

Cluster 2 represented moderate PRI, with only Bachok being
placed in this cluster. Bachok is a rural area, with paddy cultiva-
tion being the main activity for the residents (Shamsudin 2013).
There was a significant correlation between the location of rain
gauge stations and the condensation of the ionic compounds of
the atmosphere. The composition of water-soluble ions in the
atmosphere was considered to be the most significant factor
influencing the variation of PRI in this study. As Bachok in

Table 3 Classification function coefficients for discriminant analysis

Parameters Standard mode Forward stepwise mode Backward stepwise mode

1 2 3 1 2 3 1 2 3

NH4
+ -0.283 -0.278 -0.379 -0.004 0.014 -0.006 -0.198 -0.197 -0.313

Ca2+ -0.465 -0.439 -0.316 0.013 0.061 0.280

F- 0.621 0.427 -1.174

Mg+ -0.131 0.277 -1.152 -0.169 0.126 -1.913 -1.964 -1.411 -2.182

K -0.505 -0.245 -0.973 0.065 0.365 -0.154 -0.296 -0.047 -0.860

Na+ -0.088 -0.136 -0.426 0.108 0.051 -0.259

NO-3 0.100 0.081 0.139 0.003 -0.018 0.035 0.078 0.060 0.120

SO4-
2 -0.019 0.036 -0.480 0.033 0.110 -0.231 -0.018 0.034 -0.505

C2h3O2 0.549 1.709 4.104 0.204 1.360 3.732 0.314 1.497 3.952

Cl- -0.022 0.020 1.088 0.026 0.044 0.964 0.024 0.058 1.072

CHO2
- 0.487 1.847 3.146 0.232 1.586 2.821 1.243 2.553 3.577

CH4O3S 5.123 13.745 20.545 1.294 9.942 15.587 3.299 12.272 19.054

C2O4(2−) 10.635 13.400 17.404

Cu -1.212 10.432 59.207 1.812 13.406 62.571 -3.317 8.348 56.453

Fe 1.199 -0.543 -3.636

Mn 10.444 23.549 62.046 6.047 18.331 54.901 11.811 24.489 62.292

Hg 2508.997 12560.595 31239.984 6408.967 16454.392 35093.370 3532.876 13469.855 31841.362

Ni -2.513 4.045 -8.256 0.694 7.992 0.386 2.432 8.763 -4.112

Cd 83.717 267.938 597.796 37.273 221.248 535.377 101.754 288.482 622.065

EC 11.716 12.502 17.492 8.096 9.013 14.802

Pb 26.394 70.908 267.251 8.318 49.309 229.189 33.250 76.309 266.787

pH 32.696 33.844 39.590 24.643 26.168 33.710

Zn 0.345 0.864 0.502 0.091 0.586 0.098 -0.634 -0.087 -0.377

Table 4 Classification matrix for discriminant analysis of Index
variation

Index scale % Correct Predicted index scale

Good Moderate Bad

Standard mode

Good 99.84 1247 2 0

Moderate 82.19 13 60 0

Bad 100 0 0 4

Total 98.87 1260 62 4

Forward stepwise mode

Good 99.28 1240 9 0

Moderate 76.71 17 56 0

Bad 100 0 0 4

Total 98.04 1257 65 4

Backward stepwise mode

Good 99.60 1244 5 0

Moderate 72.60 20 53 0

Good 100 0 0 4

Total 98.11 1264 58 4
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Peninsular Malaysia was located at the border of the southern
edge of the South China Sea, it was believed that the continental
sources contributed to the emission of the ionic compound in the
atmosphere (Farren et al. 2019). Moreover, undersea activities
that included photo-oxidation and biogenic process introduced
highly ionic compounds into the atmosphere (Miranda and
Tomaz 2008). Bachok was also exposed to the marine atmo-
sphere, whereby anthropogenic sources highly affected the atmo-
spheric composition of the area. Other sources of anthropogenic
activities such as agriculture and dust from the road also

contributed to the emission of the pollutant to the atmosphere
(Dominick et al. 2015). Bachok is dominantly an agricultural
area, with limited industrialization. However, this area was found
to be contaminated with heavy metals from industrial activities
that surrounded the rain gauge stations, such as vehicular emis-
sions, biomass burning, and fossil fuel combustion. Additionally,
the natural sources of heavymetals suspended in the surface dust
were also emitted to the atmosphere (Allen et al. 2001).

Cluster 3, which consisted of Seberang Perai andMuadzam
Shah, was reported to have bad PRI, possibly due to emissions

Fig. 2 The plot of discriminant
functions for rainwater based on
the index value of 1 = good, 2 =
moderate, and 3 = bad

Fig. 3 Location of rain gauge station based on clusters: cluster 1 (green), cluster 2 (yellow), and cluster 3 (red). Source: Google earth
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from both marine and non-marine sources (Farren et al. 2019).
In contrary to cluster 2, which was dominantly exposed to the
marine atmosphere, Seberang Perai and Muadzam Shah were
more urbanized even though both regions were located near
the coasts. Hence, both the land and marine atmospheres had
contributed to the deposited chemical compounds in the atmo-
sphere. Seberang Perai, located on the northwest coast of
Peninsular Malaysia, has been undergoing rapid industrializa-
tion (Samat 2007). Because of the strategic location in the
coastal area, this region had experienced dense-development
and high commercial concentration as a centre of both eco-
nomic and cultural activities (Zhao et al. 2019a, b). Seberang
Perai has also been the hub for marine transportation after
replacing Georgetown for port activities (Norsukhairin et al.
2013). Thus, this region had various types of motor vehicles
and water transportation that could emit high amounts of
heavy metals. On the other hand, Muadzam Shah is located
in Pahang, a rural area. However, this is a well-planned region
that is rapidly growing with industrial activities with the aim
of becoming a satellite city (Rose et al. 2016). Additionally,
Muadzam Shah is also known as an education hub in Pahang,
whereby many schools and higher education institutions have
been established (Shamsuddin et al. 2014). The region was
therefore dense with vehicles that contributed to the emission
of heavy metals from vehicle exhaust, as well as other chem-
ical compounds from road dust.

The primary land uses in Seberang Perai are agriculture,
forestry, industry, and residence. Past studies have reported
that activities such as factories and agriculture accounted for
a significant proportion of pollutants in this region (Mohd
Nasir et al. 2011). On the other hand, the main agricultural
activities within Seberang Perai included palm oil cultivation,
market gardening, paddy, and agro-based business activities
(Eltayeb Elhadary et al. 2013), which mainly contributed to
ammonia emissions (Bauer et al. 2016). Livestock farming
was also identified to be one of the significant sources of
ammonia in the atmosphere (Paoli et al. 2010) due to the
emissions resulting from animal houses and associated storage
systems, animal manure, and animal grazing (Beusen et al.
2008). The industrialization of poultry and swine industry in
Seberang Perai, as well as the largest cattle farm in Pahang
located in Muadzam Shah, can be linked to the emission of
nitrogen, phosphate, and ammonia (Mallin and Cahoon
2003).

Conclusion

This study has demonstrated the reliability and efficiency of
harvested rainwater to support sustainable water supply in
Peninsular Malaysia. The implementation of RWHwas found
to be reliable and efficient in most local and urban regions.
Analysis of physicochemical properties of and metals in the

rainwater collected from 18 gauge stations was conducted
using PCA, where six PFs were found to be significant, ac-
counting for a total variance of 61.39%. Furthermore, the
emissions varied between multi-source factors, which include
both natural and anthropogenic activities. The contaminations
were possibly derived from industrial emissions, transporta-
tion, agricultural activities, fuel combustion, and marine atmo-
sphere. This study also identified the atmospheric particulates
containing organic and inorganic compounds that contributed
to the variations in physicochemical properties and metal con-
tents. These compounds were deposited in the atmosphere and
diluted in the rainwater during rainfall. The PRIwas computed
from the factor scores generated in PCA within three catego-
ries: good, moderate, and bad. This was confirmed by the DA,
which showed a 98.04% accuracy of spatial variation for step-
wise forward mode, which yielded the 17 most significant
variables. The HACA clustered the 18 rain gauge stations into
three significant cluster regions: good, moderate, and bad PRI.
The coastal and urbanized areas showed high contamination
of the physicochemical and metal parameters in rainwater.
Additionally, the rain gauge stations situated near coastal
areas were also exposed to marine. However, RWH can be
implemented in larger scales due to the characteristics of rain-
water in Peninsular Malaysia and was found safe for non-
potable uses.
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