
ABSTRACT A comparative analysis of trace metal (Cu, Pb, Fe, Mn, Zn, Cd, Ni and Co) 
concentration and physical parameters (pH, EC, TDS and DO) in rainwater samples col-
lected from two major coastal cities in Malaysian Borneo (Sarawak state) were deter-
mined in the present research. Cumulative monthly rainwater samples were collected 
from the Limbang city and Miri city during October 2016-September 2017. Rainwater 
collected from the Limbang city shows slightly alkaline nature with a mean pH≥6.07 
whereas the rainwater in Miri city is acidic (mean pH = 5.35). Trace metal concentration in 
rainwater collected from both locations shows slight variation. Mean concentration of 
trace metals in rainwater samples follows the decreasing order of Fe>Ni>Pb>Mn> 
Co>Cu>Zn>Cd and Fe>Ni>Pb>Mn>Zn>Co>Cu>Cd in Limbang city and Miri 
city respectively. Among the trace metals, Fe (1.09 and 0.98 mg/L) and Ni (0.15 and 0.13 

mg/L) shows the highest mean concentration in rainwater samples collected from both 
locations and maximum concentration of trace metals are observed in rainwater samples 
collected from the Limbang city. Pearson’s correlation test explained the inter-relation-
ship between the parameters whereas the factor analysis confirmed the contributing 
sources of trace metals (anthropogenic activities such as pollution from vehicles, petro-
chemical industries, forest biomass burning and dust particles from exposed land area) 
and its variation in the rainwater samples by showing a total variance of 80.18% with 
three factor components in the Limbang city and a variance of 93.11% with four factor 
components in Miri city. High Pb/Zn ratio also indicates the strong influence of anthro-
pogenic activities present in the region. Backward air mass trajectory analysis supports 
the findings by indicating a contribution from combined marine and crustal sources of 
air mass trajectories reaching the sampling locations and is heavily controlled by prevail-
ing monsoon characteristics of the region. Overall, it can be concluded that, the major 
source of trace metals in rainwater in this region is contributed by anthropogenic pro-
cesses operated in the region. 
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1. INTRODUCTION

Rainfall is one of the important forms of precipitation which removes the pollut-
ants reached in the atmosphere as the product of rapid urbanisation and industriali-
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sation (Tiwari et al., 2016; Migliavacca et al., 2005). The 
composition of deposition actually reflects the composi-
tion of the atmosphere through which it falls. During pre-
cipitation events, the gases and aerosols are incorporated 
into raindrops falling down plays an important role in 
atmospheric deposition mechanisms (Özsoy and Örnek - 
tekin, 2009). The chemical characteristics of these gases 
and aerosols are controlled by their sources of origin i.e. 
natural or anthropogenic processes. Natural sources of 
chemical constituents present in the atmosphere are from 
crustal/marine areas or biological fragments through 
dust and salt spray whereas the emission processes domi-
nate in the anthropogenic source of contribution (Rusy-
di, 2018; Sorooshian et al., 2013; Al-Khashman, 2009; 
Zhang et al., 2007; Kulshrestha et al., 2003). Chemical 
composition of rainwater is not only influenced by the 
local and regional transportation of pollutants but also 
controlled by the cloud formation and amount of rainfall 

(Ojekunle et al., 2018; Calvo et al., 2010; Sarkar et al., 
2006). 

Understanding the role of chemical characteristics 

(enriched load of chemicals) of rainfall over the human 
health and ecosystem, numerous studies were carried out 
in different parts of the world to estimate precipitation 
chemistry i.e. both wet and dry precipitation (Williams et 
al., 2021; Rivera-Rivera et al., 2020; Silva et al., 2020; 
Grewling et al., 2019; Khayan et al., 2019; Li et al., 2017; 
Williams et al., 2015; Cerqueira et al., 2014; Sorooshian 
et al., 2013; Gunawardena et al., 2012; Calvo et al., 2010). 
Industrialised and neighbouring areas in most of the 
countries witnessed severe acid rain, which unfavourably 
affected aquatic system, soil, vegetation, buildings, etc (Li 
et al., 2017; Bravo et al., 2000; Zhang et al., 1999). 
Among the chemical constituents present in the rainfall, 
concentration of trace metals acquired special attention 
due to toxic nature, bioaccumulation and carcinogenic 
properties of these metals (Siudek and Frankowski, 
2017). Anthropogenic activities such as industrial activi-
ty including mining, combustion of petro-chemical and 
coal substances and automobile exhausts are the major 
processes contribute and control the concentration of 
trace metals in the atmosphere (Siudek and Frankowski, 
2017; Lynam et al., 2014; Moreda-Piñeiro et al., 2014). 
The rainwater sample collection locations identified in 
the Sarawak state of Malaysian Borneo lack detailed 
information about the trace metal concentration in rain-
water even the region having number of petrochemical 
industries and off-shore exploitation platforms. Research 

reports available from this region given importance to 
the forest fire related haze and its effect over the atmo-
spheric characteristics (Nadzir et al., 2017; Gomyo et al., 
2008; Radojevic, 2003; Radojevic and Tan, 2000). Con-
sidering the importance of generating a baseline report 
on trace metal concentration in rainwater reaching this 
region, the present research was framed with an objective 
of comprehending the concentration and source contrib-
utors of trace metals in rainwater reaching the spatially 
separated coastal cities in northern Sarawak, Malaysia 
through hydro-statistical analysis. 

1. 1  Study Area
In the present research, rainwater samples collected 

from two spatially separated coastal cities in northern 
Sarawak (Malaysia, Borneo), namely Limbang and Miri 
were analysed to identify trace metal concentration and 
its variability over a period of one year from October 
2016 to September 2017 (Fig. 1). Limbang city is the 
administrative capital of the Limbang district covers an 
area≤35 km2 with a total urban population less than 
15,000, located in the banks of the Limbang River, which 
drain into the Brunei bay before joining the South China 
Sea. Miri city is the second largest city (the area of 977 

km2 with a total urban population of 300,000) in Sara- 
wak and located in between the Miri River and the 
Baram River, which drains directly into the South China 
Sea. Though these two places are located in northern 
Sarawak, both are spatially separated at 118 km. Even 
though the region shows highly varying geomorphologi-
cal and geological characteristic, both the sampling loca-
tions are situated in the lower peat swamps or lower peat 
forest regions. In general, elevation in this region varies in 
the range of 1 m to 2,400 m above the mean sea level, 
which shows highly varying topographical features and 
includes low-lying flood plains (peat swamps), residual 
mounds, elongated denudating structural hills, escarp-
ments, valleys and highland plateaus. Geologically the 
region is dominated by sedimentary rock formations with 
occasional very minor basaltic rocks (MGDM, 2013). 
Tropical rainforests (primary and secondary) dominantly 
cover the area (more than 90%) with regional oil palm 
plantations and very local scale agricultural activities such 
as wet paddy, hill paddy and fruit orchards.

The selected study locations are situated in the nor- 
thern Borneo facing the South China Sea experiencing 
10 months monsoon seasons with very short inter-mon-
soon periods. May to September considered as southwest 
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monsoon (SWM) and November to March as northeast 
monsoon (NEM) and are separated by individual inter-
monsoon months of April and October. Though the gene- 

ral monsoonal seasons in the sampling locations are same, 
both show higher variation in meteorological characteris-
tics such as amount of rainfall and temperature (Table 1). 

Fig. 1. Study area location map showing rainwater sampling locations. 

Fig. 2. Distribution of (a) monthly rainfall and (b) temperature measured from the Limbang city and Miri city during the period of study. 

(a) (b)
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Considering the sampling locations, Limbang city recor-
ded the highest mean monthly and annual rainfall of 503 

mm and 6,039 mm whereas Miri city recorded compara-
tively lower mean monthly and annual rainfall of 317 mm 
and 3,809 mm respectively. Monthly rainfall during the 
study period varies in the range of 257 mm ( July 2017) to 
794 mm (April 2017) in Limbang city and 149 mm ( July 
2017) to 459 mm (August 2017) in Miri city (Fig. 2a). It 
was observed that recorded highest monthly rainfall in 
these stations shows a difference of 335 mm. Monthly 
mean temperatures in the study locations varies between 
26°C to 27°C in Limbang city and 26°C to 28°C in Miri 
city (Fig. 2b). Considering the wind direction, wind rec-
orded in the Limbang city shows dominance of southwest 
and west direction whereas those recoded at Miri city 
showed dominance of southwest and north direction dur-
ing the period of research. 

2. MATERIALS AND METHODS 

In order to analyse and determine the concentration of 
trace metals in rainwater reaching two coastal cities in 
northern Sarawak, Malaysian Borneo, monthly cumula-
tive rainwater samples during the periods including Oct-
o ber 2016 and September 2017 was collected. A total of 
12 samples from each location was collected using rain-
water collection apparatus made up of polyethylene bar-

rels (5 L) and funnels (10 cm diameter) which was kept 
above the ground (80 cm) using a metal frame to avoid 
the splash effect from the ground surface. Before setting 
up the collection apparatus, the polyethylene barrels and 
funnels were thoroughly cleaned using distilled water 
and a small hosepipe was connected in the top portion of 
the barrel to minimise the exchange of air within and 
outside the sample collector (Oza et al., 2020; Jeelani et 
al., 2018; IAEA, 2014; Deshpande and Gupta, 2008). 
Later, to prevent the evaporation, paraffin oil (0.5 cm 
thickness) was put in the container. The cumulative 
monthly rainwater collected was then transferred into 
two 1 L polyethylene bottles after filtering using What-
man no. 1 filter paper (11 μm) by end of each month. 
These samples were preserved in lab condition and were 
used for the analysis. Physical parameters such as pH, 
electrical conductivity (EC), total dissolved solids (TDS) 
and dissolved oxygen (DO) of rainwater were measured 
in the laboratory using portable pH, conductivity meter 

(Thermo Scientific Orion Star, 4 Star Plus Meter), and 
Hach meter (Hach@ DR2800 spectrophotometer). Later 
the water samples were filtered using 0.45 μm Millipore 
filter paper and the filtered water was then digested using 
10 mL concentrated Nitric acid (HNO3) to lower the 
pH~2 and make to 10 mL by heating around 60-70°C 
using hotplate (APHA, 2012). The concentrated sample 
is then remade to 100 mL using ultra-pure water for the 
analysis of trace metals (Cu, Pb, Fe, Mn, Zn, Cd, Ni and 
Co) using Atomic Absorption Spectrophotometer (Per-
kin Elmer Analyst 400). 

Further, the analysis results are taken into statistical 
software to perform Pearson’s correlation and factor anal-
ysis to identify the inter-relationships and source contri-
bution of trace metals in rainwater. As part of assess - 
ing the contribution of anthropogenic sources in the con-
centration of trace metals, the elemental ratio analysis of  
Pb/Zn suggested by Sakata and Asakura (2009) was 
implemented in the present research. This will assist to 
iden tify sources of external inputs of industrial pollution 
from short (local and regional) and long-range transports 

(Rivera-Rivera et al., 2020; Sakata and Asakura, 2009; 
Okuda et al., 2004). Then, to identify and confirm the 
source contribution of chemical constituents measured 
in rainwater samples collected from these locations, 
HYbrid Single-Particle Lagrangian Integrated Trajectory 

(HYSPLIT) transport model based air mass back trajec-
tory analysis managed by the United States National 
Atmospheric and Oceanic Administration (NOAA) Air 

Table 1. Monthly rainfall and temperature measured in the Lim-
bang city and Miri city during the period (2016-2017) of study.

Sampling 
period

Rainfall (mm) Temperature (°C)

Limbang Miri Limbang Miri

Oct-16 306.19 190.14 26.29 27.36
Nov-16 617.61 333.28 26.21 27.30
Dec-16 439.52 260.97 26.36 27.43
Jan-17 401.65 340.25 26.50 27.39
Feb-17 492.97 399.94 25.82 26.61
Mar-17 564.03 313.94 25.90 26.74
Apr-17 794.60 420.03 26.64 27.56
May-17 641.29 377.83 27.00 28.07
Jun-17 274.68 219.18 26.59 27.74
Jul-17 257.24 149.57 26.49 27.72
Aug-17 664.35 459.63 26.50 27.60
Sep-17 585.47 344.81 26.62 27.62

Mean 503.30 317.47 26.41 27.43
Annual 6039.60 3809.63
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Resources Laboratory (ARL) was also analysed for indi-
vidual months. This will provide reliable information 
about the transportation of chemical constituents con-
tributing to the rainfall reaching a particular location 

(Williams et al., 2021; Srivastava et al., 2020; Innocente et 
al., 2017; Rolph et al., 2017; Stein et al., 2015; Moreda-
Piñeiro et al., 2014). 

3. RESULTS AND DISCUSSION

3. 1  Physical Characteristics of Rainwater 
Table 2 shows the results of parameters like pH, EC, 

TDS and DO measured from rainwater samples collec-
ted from Limbang city and Miri city. Fig. 3 shows com-
parison of monthly values of parameters analysed. In 
Limbang city, rainwater pH varies in the range of 5.33 to 
7.14 with a mean of 6.07. EC varies from 58.17 to 117.16 

µS/cm with a mean of 87.56 µS/cm. TDS shows varia-
tion from 40.72 to 82.01 mg/L with a mean of 61.29 

mg/L. DO in the rainwater during the period of study 
range from 3.40 to 9.19 mg/L and shows a mean of 6.92 

mg/L. At the same time, rainwater samples collected 
from Miri city shows slight variation in concentration of 
parameters analysed. In Miri, pH in the rainwater samples 
varies in the range of 4.66 to 6.09 with a mean of 5.35. EC 
varies from 52.61 to 108.91 µS/cm with a mean of 83.02 

µS/cm. TDS varies in the range of 36.83 to 76.23 mg/L 
with a mean of 58.11 mg/L. DO during the period of 
study range from 7.20 to 9.92 mg/L and shows a mean of 
8.30 mg/L. 

Rainwater collected from the Limbang city and Miri 
city shows slight variation in the concentration of pH,  
EC, TDS and DO. Considering the concentration of pH, 
rainwater falling in the Limbang city shows comparatively 
higher values than those in Miri city and is well reflected 
in the mean value also. The rainwater samples collected 
show slightly higher mean pH (6.07) in the Limbang city 
and this might be due to the presence of increased amo- 
unt of particulate matter in the atmosphere and also due 
to the local influence of evaporation over rainfall charac-
teristics (Rajeev et al., 2016; Sanhueza et al., 1989; Gallo-
way et al., 1982). The mechanism behind this is the water 
soluble particulate matter and gaseous aerosols present in 
the atmosphere through which raindrop travel thousands 
of meters are responsible for the nature of rainfall i.e. 
increase or decrease of pH at each location. This is also 
highly influenced by the rainfall amounts, diluting concen-
tration of most of the ions with higher rainfall amounts 

(Ramírez Lara et al., 2010; Shende et al., 2007). Further, 
due to the location, the dominant way of precipitation is 
convective in nature and always there will be a higher level 
moisture contribution through local evaporation (Gallo-
way et al., 1982). Lower mean pH (5.35) observed in the 
Miri suggests the presence of more concentration of NOx 
and SO2 in the atmosphere (Charlson and Rodhe, 1982). 
This indicates the presence of petrochemical industries 
and offshore petroleum production centres in the region. 

Considering the electrical conductivity (EC) and total 
dissolved solids (TDS), rainwater samples collected from 
Miri city shows slightly lower concentration than the rain-
water samples collected from the Limbang city with mean 

Table 2. Results of physico-chemical parameters analyzed from the rainwater samples collected from the Limbang city and Miri city.  

Parameters
Limbang city Miri city

Min. Max. Mean Min. Max. Mean.

pH 5.330 7.1400 6.070 4.6600 6.090 5.3500
EC (μS/cm) 58.170 117.1600 87.560 52.6100 108.910 83.0200
TDS (mg/L) 40.720 82.0100 61.290 36.8300 76.230 58.1100
DO (mg/L) 3.400 9.1900 6.920 7.2000 9.920 8.3000
Co (mg/L) 0.008 0.0500 0.025 0.0050 0.045 0.0230
Ni (mg/L) 0.083 0.2100 0.146 0.0690 0.219 0.1290
Cd (mg/L) 0.003 0.0097 0.006 0.0035 0.011 0.0057
Fe (mg/L) 0.961 1.6090 1.090 0.7150 1.630 0.9750
Mn (mg/L) 0.022 0.0420 0.030 0.0130 0.043 0.0260
Pb (mg/L) 0.012 0.1150 0.035 0.0120 0.088 0.0360
Zn (mg/L) 0.002 0.0300 0.014 0.0020 0.043 0.0240
Cu (mg/L) 0.007 0.0260 0.015 0.0050 0.021 0.0120
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concentration of 87.56 µS/cm and 83.02 µS/cm and 61.29 

mg/L and 58.11 mg/L respectively for EC and TDS. Con-
centration of EC and TDS is directly proportional and is 
heavily depends on the concentration of dissolved ions, 
ionic strength, and temperature of water (Abulude et al., 
2018; Marandi et al., 2013) showing local influence over 
temporal variation in concentration. Higher values of EC 
and TDS indicate the higher concentration of particulate 
matter in the atmospheric air within the study locations 

(Cobbina et al., 2013). Variation in concentration of DO 
in rainwater samples was noted with higher mean DO in 
rainwater samples collected from Miri city (8.30 mg/L) 
than the Limbang city (6.92 mg/L). Due to the specific 
geographical location of the study sites i.e. nearness to 
equator, the region experiences different weather and 
atmospheric processes like structure of the raincloud and 
height of cloud base, mechanism of raindrop formation 
and diffusion from the surrounding air and by aeration 

(rapid movement of raindrops) might have influenced 
the higher concentration of DO in rainwater samples col-
lected from these locations (Williams and Tighiri, 2015; 
Komabayasi, 1959). Overall, higher values of physical 
parameters measured from these locations indicate inc- 

rea sed presence of particulate matter, which indirectly 
point towards plausible concentration of trace metals in 
the region because particulate matters are the scavengers 
and carriers of trace metals (Pizarro et al., 2021; Majumda 
et al., 2020; Martin et al., 2017; Sjöblom et al., 2010). 

3. 2  Trace Metal Concentration
Concentration (minimum, maximum and mean) of 

trace metals in rainwater samples collected from Limbang 
city and Miri city are given in Table 2 and comparison of 
monthly concentration is shown in Fig. 4. The assessed 
values show slight variation in concentration between the 
locations. Mean concentration of trace metals also shows 
variation among the sampling locations. Rainwater sam-
ples collected from Limbang city shows mean concentra-
tion of Co, Ni, Cd, Fe, Mn, Pb, Zn and Cu as 0.025, 0.146, 
0.006, 1.09, 0.030, 0.035, 0.014 and 0.015 mg/L respec-
tively. Considering the mean concentration of trace met-
als in rainwater samples collected from Miri city, it shows 
slight variation than rainwater samples collected from the 
Limbang city. Mean trace metal concentration in rainwa-
ter samples collected from Miri city was 0.023, 0.129, 
0.0057, 0.975, 0.026, 0.036, 0.024 and 0.012 mg/L for 

Fig. 3. Temporal distribution of (a) pH, (b) EC, (c) TDS and (d) DO measured from the rainwater samples collected during the study 
period. 

(a)

(c)

(b)

(d)
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Co, Ni, Cd, Fe, Mn, Pb, Zn and Cu respectively. While 
considering the relative abundance of trace metals in rain- 
water samples collected from the Limbang city follows 
the decreasing order of Fe>Ni>Pb>Mn>Co>Cu> 

Zn>Cd and for Miri city its shows the decreasing order 
of Fe>Ni>Pb>Mn>Zn>Co>Cu>Cd res pec-
tively. 

Though variability in concentration of trace metals in 

Fig. 4. Temporal distribution of (a) Co, (b) Ni, (c) Cd, (d) Fe, (e) Mn, (f) Pb, (g) Zn and (h) Cu measured from the rainwater samples 
collected during the study period. 

(a)

(c)

(e)

(g)

(b)

(d)

(f)

(h)
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individual rainwater sampling locations was observed in 
the study, it doesn’t show any particular pattern. Co, Ni, 
Fe, Mn, and Cu shown comparatively higher concentra-
tion in rainwater samples collected from Limbang city 
whereas Pb and Zn show relatively higher concentration 
in rainwater samples collected from Miri city. Concentra-
tion of Cd shows similar value in both locations. The 
major process that controls the concentration of trace 
metals in rainwater is the atmospheric pollutant scaveng-
ing (Hasan et al., 2017). Source contributors of trace met-
als in atmosphere are either natural or anthropogenic 
such as forest fire, dust from mining and exposed areas, 
petrochemical pollutions due to fossil fuel combustion 
for energy production and also through motor vehicles 

(Rivera-Rivera et al., 2020; Sabuti and Mohamed, 2016; 
Ghadimi et al., 2013; Vuai and Tokuyama, 2011; Farah-
mandkia et al., 2010). In the study locations, both have 
the influence of petrochemical industries including off-
shore drilling, heavy industrial and transportation activi-
ties, dust derived from forest burning and logging activi-
ties. These might have contributed the trace metals in the 
rainwater and the variation in concentration can be by the 
wind reaching the region, which carries the materials 
originated from marine and or land sources. 

3. 3   Statistical Analysis of  
Rainwater Characteristics  

3. 3 .1  Correlation
In order to identify the inter-relationship and depen-

dency of parameters present in the rainwater samples, 

Pearson’s correlation test was performed with a signifi-
cance level of 0.05. Analysis revealed varying inter-depen- 
dencies (either positive or negative) between the para-
meters and correlation coefficient r ≥±0.60 were con-
sidered as strong correlation in the present study. Corre-
lation test results of parameters analysed from the rain-
water samples collected from the Limbang city was given 
in Table 3. In Limbang city rainwater, pH shows strong 
positive correlation with Fe and Pb (r = 0.79 and 0.70). 
EC shows very strong positive correlation with TDS (r =  
1) and strong negative correlation with Co, Ni and Zn 

(r =-0.83, -0.70 and -0.75 respectively). TDS showed 
strong negative correlation with Co, Ni and Zn (r =  
-0.83, -0.70 and -0.75 respectively). A strong positive 
correlation was noted between Ni with Zn and Cu (r =  
0.73 and 0.75). Fe also showed a very strong positive cor-
relation with Pb (r = 0.85) whereas Zn showed a strong 
positive correlation with Cu (r = 0.63). However, rain-
water samples collected from Miri city shown compara-
tively different correlation characteristics than those 
observed in Limbang city (Table 4). pH showed a strong 
positive correlation with EC and TDS (r = 0.74) and a 
strong negative correlation with Ni and Cu (r =-0.89 
and -0.72). EC shows a strong positive correlation with 
TDS (r = 1). EC and TDS showed a strong negative cor-
relation between Co, Fe and Cu (r =-0.83, -0.89 and 
-0.67 respectively). A strong positive correlation was 
observed between DO with Co, Fe and Pb (r = 0.61, 0.76 
and 0.84 respectively). Co showed strong positive corre-
lation with Fe (r = 0.80). Ni showed strong positive cor-
relation between Cu (r = 0.64). A strong positive correla-

Table 3. Pearson’s correlations matrix for the physico-chemical parameters in rainwater samples collected from the Limbang city. 

Variables pH EC 
(μS/cm)

TDS 
(mg/L)

DO 
(mg/L)

Co 
(mg/L)

Ni 
(mg/L)

Cd 
(mg/L)

Fe 
(mg/L)

Mn 
(mg/L)

Pb 
(mg/L)

Zn 
(mg/L)

Cu 
(mg/L)

pH 1                      
EC (μS/cm) -0.10 1
TDS (mg/L) -0.10 1 1
DO (mg/L) 0.49 -0.34 -0.34 1
Co (mg/L) 0.28 -0.83 -0.83 0.33 1
Ni (mg/L) -0.41 -0.70 -0.70 0.10 0.53 1
Cd (mg/L) 0.34 0.11 0.11 0.29 -0.14 -0.12 1
Fe (mg/L) 0.79 -0.24 -0.24 0.43 0.16 -0.40 0.38 1
Mn (mg/L) 0.30 -0.04 -0.04 0.09 0.24 -0.05 0.48 0.08 1
Pb (mg/L) 0.70 -0.51 -0.51 0.56 0.30 -0.02 0.47 0.85 0.26 1
Zn (mg/L) -0.10 -0.75 -0.75 0.04 0.48 0.73 0.21 0.15 0.15 0.42 1
Cu (mg/L) -0.32 -0.44 -0.44 0.24 0.27 0.75 0.26 -0.26 0.22 0.14 0.63 1

Values in bold are different from 0 with a significance level alpha = 0.05
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tion was observed between Cd and Pb (r = 0.67) and Fe 
and Pb (r = 0.85). These results indicate the variability of 
source contributors of rainfall in these two locations 
along with change in characteristics of local moisture 
sources because strong negative and low correlation sug-
gests different source of origin whereas strong positive 
correlation indicates same source of origin (Silva et al., 
2020; Tripathi et al., 2014; Owoade et al., 2012; Helm-
reich et al., 2010). 

3. 3. 2  Factor Analysis
Results of the physical and trace metal analysis are used 

to extract the factor components through Principal com-
ponent analysis (PCA) to identify and explain the source 
of trace metals in rainwater samples. Varimax rotation 
technique used to extract the factor components (Eigen 
value>1), because it will aid to make results easier to 
interpret by minimising the variance of squared normal-
ized factor loadings across variables for each factor (Báez 
et al., 2007). Factor analysis results of Limbang city and 
Miri city rainwater’s were shown in Table 5. Factor load-
ing between ±0.50 to ±0.75 considered as good load-
ing and ≥±0.75 as strong loading in the present res-
earch. Considering the rainwater sample analysis results 
of Limbang city, factor analysis revealed three factor 
components which explained 80.18% of total variance. 
Factor 1 explained 37.18% of total variance with strong 
negative loadings of EC and TDS and strong positive 
loadings of Co, Ni, Zn and good loading of Cu. Positive 
loading of Co, Ni, Zn and Cu indicates the contribution 
of pollutants from industrial and traffic activity present in 

region (Ghadimi et al., 2013; Vuai and Tokuyama, 2011). 
Factor 2 explained 27.92% of total variance with strong 
positive loading of pH, Fe and Pb and good loading of 
DO. pH and DO are the physical parameters which deter- 
mine the overall water chemistry by dissolution of other 
major ions and trace metals. Fe and Pb in the rainwater 
can be by the anthropogenic-pollution based factors such 
as fossil fuel burning (petrochemical industries and trans-
portation) and forest fires in the region (Cheng et al., 
2011). Factor 3 explained 15.08% of total variance with 
strong positive loading of Cd and good loading of Mn. 
The source for Cd and Mn in the rainwater samples are 
from anthropogenic activities (iron and steel manufactur-
ing industry, fossil fuel combustion and mining) as well as 
from natural factors such as sea salt spray, forest fire, 
windblown dust rich in Mn (Ressler et al., 2000; Nriagu, 
1989).

In the case of parameters identified in rainwater sam-
ples collected from the Miri city, factor analysis revealed 
four factor components which explained 93.11% of total 
variance. Factor 1 explained 37.49% of total variance 
with strong negative loadings of EC and TDS and strong 
positive loadings of DO, Co, Fe and Pb. Co, Fe and Pb in 
the rainwater can be attributed by the atmospheric pollu-
tion caused by the anthropogenic activities such as fossil 
fuel burning (petrochemical industries and transporta-
tion) and forest fires (biomass burning) in the region 

(Cheng et al., 2011). Factor 2 explained 30.21% of total 
variance with strong positive loading of Ni and Cu and 
strong negative loading of pH. Presence of Ni and Co 
indicates the contribution of pollutants from industrial 

Table 4. Pearson’s correlations matrix for the physico-chemical parameters in rainwater samples collected from the Miri city. 

Variables pH EC TDS DO Co Ni Cd Fe Mn Pb Zn Cu

pH 1                      
EC (μS/cm) 0.74 1
TDS (mg/L) 0.74 1.00 1
DO (mg/L) 0.16 -0.45 -0.45 1
Co (mg/L) -0.43 -0.83 -0.83 0.61 1
Ni (mg/L) -0.89 -0.53 -0.53 -0.38 0.14 1
Cd (mg/L) -0.07 -0.23 -0.23 0.48 0.04 0.08 1
Fe (mg/L) -0.46 -0.89 -0.89 0.76 0.80 0.21 0.48 1
Mn (mg/L) -0.44 -0.34 -0.34 0.15 0.23 0.42 0.04 0.30 1
Pb (mg/L) -0.11 -0.57 -0.57 0.84 0.58 -0.11 0.67 0.85 0.12 1
Zn (mg/L) -0.30 -0.16 -0.16 -0.10 -0.15 0.33 0.42 0.22 0.05 0.24 1
Cu (mg/L) -0.72 -0.67 -0.67 -0.12 0.38 0.64 0.09 0.47 0.03 0.28 0.59 1

Values in bold are different from 0 with a significance level alpha = 0.05
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and traffic activity present in the region (Ghadimi et al., 
2013; Vuai and Tokuyama, 2011). Factor 3 explained 
15.15% of total variance with strong positive loading of 
Cd and Zn. This suggest the influence of anthropogenic 
processes such as pollution from vehicles, petro-chemical 
industries, forest (biomass) burning along with dust par-
ticles transported from distant palaces as well as from 
local areas. Factor 4 explained 10.26% of the total vari-
ance with strong positive loading of Mn and it can be 
from anthropogenic (iron and steel manufacturing indus-
try, fossil fuel combustion and mining) as well as natural 
factors such as sea salt spray and forest fires (Moreda-
Piñeiro et al., 2014). Though different loading of trace 
metals in various factors were observed in the rainwater 
samples collected from the Limbang city and Miri city, 
cumulatively it point towards few major sources and pro-
cess which contribute the trace metal fraction in the 
atmosphere of the region. These processes are dominat-
ed by anthropogenic activities like burning of fossil fuel 
and biomass (forest) with comparatively minor contribu-
tion from natural sources like fine soil dust particles from 
exposed and barren lands in the region (Williams et al., 
2021; Orlović-Leko et al., 2020; Akpan et al., 2018; Guna-
wardena et al., 2012; Sternbeck et al., 2002; Allen et al., 
2001). 

3. 3. 3  Elemental Ratio (Pb/Zn ratio)
The elemental ratio of Pb/Zn examined in the present 

study shows varying values in monthly rainwater sam-
ples collected from the Limbang city and Miri city (Fig. 
5). In both the locations, the Pb/Zn ratio varies from 0 
to 1 but shows difference in mean ratio i.e. 0.28 and 0.20 
for the Limbang city and Miri city respectively. Lower 
values (<0.25) of Pb/Zn ratio were observed in the 
months of October, December, January, February, March 
and July in rainwater collected from the Limbang city 
whereas in the Miri city, rainwater samples collected dur-
ing the months of December, January, February, March, 
April, May, August and September shows the lower ratio 
of Pb/Zn. Higher Pb/Zn (≥0.25) ratios are observed in 
the months of November, April, May, June, August and 
September in rainwater collected from the Limbang city 
and October, November, June and July from the Miri city. 
Both locations show maximum value ( = 1) in June. The 
observed higher values indicate the favorable atmosphe-
ric conditions such as lower mixing layer height, bound-
ary layer dynamics, local transport processes, and thermal 
inversion that resulted in the accumulation of trace metals 

(Rivera-Rivera et al., 2020; Serafin et al., 2018; Siudek and 
Frankowski, 2017). Considering the seasonality in Pb/Zn 
ratios, rainwater collected during the south-west monsoon  
season shows higher ratio in Limbang city whereas the 

Table 5. Results of factor analysis of physico-chemical parameters in rainwater samples collected from the Limbang city and Miri city. 

Parameters

Limbang city Miri city

Factors Factors

F1 F2 F3 F1 F2 F3 F4

pH -0.12 0.92 0.09 -0.22 -0.89 0.01 -0.30
EC -0.95 -0.27 0.10 -0.78 -0.60 -0.01 -0.14
TDS -0.95 -0.27 0.10 -0.78 -0.60 -0.01 -0.14
DO 0.27 0.58 0.17 0.86 -0.41 0.24 0.10
Co 0.78 0.30 -0.14 0.90 0.25 -0.25 0.04
Ni 0.88 -0.39 0.08 -0.07 0.88 0.05 0.36
Cd -0.12 0.30 0.86 0.30 -0.08 0.85 0.11
Fe -0.01 0.93 0.07 0.91 0.26 0.28 0.12
Mn 0.04 0.17 0.69 0.15 0.19 0.01 0.92
Pb 0.32 0.83 0.31 0.81 -0.08 0.52 -0.02
Zn 0.82 0.00 0.31 -0.13 0.47 0.76 -0.13
Cu 0.65 -0.32 0.55 0.25 0.88 0.19 -0.26
Eigen value 4.77 3.27 1.59 5.79 2.77 1.59 1.01
Variability (%) explained 37.18 27.92 15.08 37.49 30.21 15.15 10.26
Cumulative (%) variability 80.18 93.11

Bold italic values indicate strong loading.
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Miri city does not follow any specific pattern and few 
higher ratios are observed in north-east and south-west 
monsoon seasons. High Pb/Zn ratio in the Limbang city 
is strongly influenced by anthropogenic activities such as  
off-shore petroleum exploration and natural gas combus-
tion, local (both short range and long range) transporta-
tion processes and dust derived from interior land region 
which brought the trace metals into the specific locations.

3. 4   Source Determination through  
HYSPLIT Model

To confirm the sources of chemical constituents reach-
ing Limbang city and Miri city, backward air mass trajec-
tory analysis for the period of rainwater sample collection 
was regenerated from NOAA ARL HYSPLIT transport 
model. In air quality and pollution movement modelling, 
trajectory analysis is widely used (Ma et al., 2021; Sulay-
mon et al., 2021; Grewling et al., 2019; Punsompong and 
Chantara, 2018; Tatsuta et al., 2017; Schwarz et al., 2016; 
Chen et al., 2013) because it helps to determine the ori-
gin and sources of pollutants in the atmosphere which 
reaching the surface through rainfall (Tu et al., 2019; Stein 
et al., 2015). In the present research, cumulative monthly 
representation for the whole study period (i.e. October 
2016 to September 2017) was considered to build the 
backward air mass trajectory at a height of 1,000 m above 
the ground level for the individual stations. 

Air mass backward trajectories reaching the Limbang 
rainwater sampling location is shown in Fig. 6. During 
2016 October in Limbang sampling station, pollutants 

reaching from western and south-western sides of the 
study area indicate dominant marine contribution. In 
2016 November, trajectories shows almost mixed crustal 
and marine source with dominant marine contribution 
and a change in the direction i.e. the pollutants reaching 
the sampling points from north-east direction. A drastic 
change in the direction of air mass reaching the sampling 
point was found in 2016 December. It displays a distrib-
uted nature with dominated crustal contribution with less 
attribute from marine sources. Crust/land dominated 
pattern with less contribution from marine sources of air 
mass reaching the Limbang was continued in January 
2017 with a directional change to north-east i.e. from the 
Sabah landmass. In February 2017, air mass trajectory 
shows a mixed contribution of marine and crustal sources  
i.e. from the Sabah land mass in north-east and the South 
China Sea in north and the Sulu Sea in north-east. Air 
mass trajectory continued the same trend in the month of 
March 2017, with dominance of crustal (north-east, Sabah  
landmass) with minor contribution from marine (the 
South China Sea and Sulu Sea) sources. In April 2017, it 
shows a distributed (spread) nature with contribution 
from crustal as well as marine sources. During May 2017, 
air mass trajectory reaching the sampling point revealed a 
distributed nature with mixed contribution (crustal and 
marine sources) in which crustal contribution dominates. 
In June 2017, air mass trajectories shown a change in its 
direction with south-west direction dominated trend with 
almost equal contribution from marine (the South China 
Sea) and crust i.e. Borneo landmass. In July 2017, air mass 

Fig. 5. The Pb/Zn concentration ratio rainwater samples collected from the Limbang city and Miri city during the study period. 
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trajectory continued the same directional trend i.e. south-
west with a dominant contribution from marine source. 
However, in August 2017, the air mass trajectories shown 
distributed nature indicating combined influence of mar- 
ine and crustal sources with dominance of crustal contri-
bution. In September 2017 the air mass reaching the 
study area showed dispersed nature as recorded in the 
month of August, indicating contribution from crustal as 
well as marine sources.

Air mass backward trajectories reaching the Miri rain-
water sampling location is shown in Fig. 7. Cumula tive 
monthly air mass trajectory analysis of October 2016 
shows sloe contribution from the South China Sea on 
north-west side of the Miri City. In November 2016, the 
pattern of air mass trajectories reaching the sampling 

point changes to a distributed or dispersed nature which 
shows mixed contribution from marine and crustal sour- 
ces. The same dispersed pattern of air mass trajectories 
were observed in December 2016, with mixed marine 
and crustal contribution of pollutants. In January 2017, 
the air mass reaching the sampling point indicates both 
marine and crustal contribution to the chemical charac-
teristics of rainfall and the air mass shows dominant direc- 
tion of origin from north-eastern part of the study area i.e.  
from the Sabah landmass. The same pattern of air mass 
trajectories continued in the months of February 2017 
and March 2017, with a mixed contribution from marine 

(South China Sea and Sulu Sea) and crustal (Sabah land-
mass) sources. In April 2017, air mass trajectories had 
shown a dispersed pattern with the contribution of chem-

Fig. 6. Air mass backward trajectories reaching the Limbang city during the study period (October, 2016 to September, 2017) at 1,000 m 
above ground level. 
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ical constituents in rainwater from crustal as well as 
marine sources. During May 2017, rainwater was chemi-
cally enriched by dominant marine contribution with less 
input from crustal sources. The chemical characteristic of 
rainwater during the month was controlled by the air 
mass reaching from the South China Sea from north-west  
and north direction as observed in the backward trajec-
tory analysis data which showed a dispersed pattern with 
more concentration toward marine side. In the month of 
June 2017, trend of air mass trajectories indicates domi-
nant marine contribution i.e. the South China Sea from 
west-south-west direction as inferred from the air mass 
trajectory analysis. The same trend continued in July 
2017 indicating foremost contribution from the South 
China Sea. However, a change in trajectory pattern i.e. 

dispersed pattern, with a combined contribution of crust 
and marine as the dominant source was noted in during 
August and September 2017. During these months, the 
air mass trajectories found to be originated from almost 
all direction with prevailing south-west direction. 

Overall, the analysis of air mass backward trajectories 
provided information about the trace metal concentra-
tions observed in the rainwater samples as local and trans-
ported pollutants from various sources, suggesting contri-
bution from combined marine and land sources (Anil et 
al., 2019; Schneider et al., 2019; Caggiano et al., 2017; 
Likuku et al., 2013). As inferred from the monthly cumu-
lative backward trajectory based on HYSPLIT model, 
both the sampling locations indicate major source contri-
bution as marine and that from the southwest and west 

Fig. 7. Air mass backward trajectories reaching the Miri city during the study period (October, 2016 to September, 2017) at 1,000 m above 
ground level. 
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direction, during in the months of October (2016), June, 
July, August and September (2017) because the prevail-
ing season is south-west monsoon (SWM). Similarly, dur-
ing December (2016), January, February and March 

(2017), majority of the backward trajectories indicate 
contribution from dominant land (crustal) sources with 
very less contribution from marine with major direction 
from north-east and east side of the sampling locations. 
During these months, the dominant monsoon season is 
the north-east monsoon (NEM). Based on these, the 
dominant sources which contribute trace metals to rain-
water reaching the region are petro-chemical drilling (off-
shore), transportation (road and ship), biomass burning 
and soil dust particles derived from the non-protected 
areas in the land due to intense logging activities present 
in the region (Sabuti and Mohamed, 2016). 

 

4. CONCLUSION 

A year-long collection and analysis of rainwater sam-
ples from spatially separated coastal cities, namely Lim-
bang city and Miri city in Malaysian Borneo focused to 
determine the concentration of trace metals (Cu, Pb, Fe, 
Mn, Zn, Cd, Ni and Co) and plausible sources of trace 
metal enrichment were performed during October 2016 
to September 2017. Physical parameters analysed (pH, 
EC, TDS and DO) shows variations in values among 
two sampling locations with maximum values are shown 
in the samples collected from the Limbang city than the 
Miri city. Trace metal concentration also follows almost 
same pattern with a higher concentration of Co, Ni, Fe, 
Mn, and Cu in rainwater samples collected from the 
Limbang city and Pb and Zn in samples collected from 
Miri city. Statistical analysis (Pearson correlation and Fac-
tor analysis) provided insight into probable contributing 
sources of trace metals in rainwater samples by high- 
lighting anthropogenic activities as the primary sources 
along with limited natural supply. This finding was com-
plemented by the observed high rate of Pb/Zn ratio in 
rainwater samples, especially in samples collected from 
the Limbang city (more than 6 months). This can be 
attributed to the closeness of Limbang city with Brunei, 
where the petro-chemical drilling, burning of natural gas, 
shipping and water transportation activity is dominant 

(especially in Brunei Bay and off shore region) than Miri 
region. Further, this point towards the control of meteo-
rological characteristics, particularly, local and long-range 

transportation of air mass in the region over the trace 
metal concentration in rainwater. The air mass backward 
trajectory analysis also provided an important insight 
into the dynamics of atmospheric processes took place in 
the study area. This indicates the combination of marine 
and crustal origin of trace metal and its movement over 
the spatial and temporal domain is heavily controlled by 
the prevailing monsoon characteristics of the region. The 
findings of the present research point towards the neces-
sity of setting up a network of rainwater sampling loca-
tions in the region along with air quality monitors for 
periodical monitoring of chemistry of rainwater and air 
to reduce the impending health risk for the human and 
the total environment. 
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