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This study's primary focus is the airborne pollution from heavy metals in the industrial region. 
Gebeng was chosen as the industrial region for this study with eight points throughout two 
monsoon seasons. The measurement of samples were used inductively coupled plasma mass 
spectrometry (ICP-MS) in order for heavy metals detection (As, Cd, Cu, Pb, Zn and Fe). 
According to the findings, the mean of As, Pb, Cd and As concentrations found in Gebeng were 
0.069 mg/L ±0.059, 0.005 mg/L ±0.004. and 0.004 mg/L ±0.002. The findings indicated that the 
mean content of metals found in the southwest monsoon was significantly greater than the 
standard value set by the European Commission in Directives 2004/107/EC and 2008/50/EC. 
Six metals have HQs and HIs that are almost uniformly lower than the level considered risk-
free for both kids and adults (=1) for certain metals. Overall, the HI value increased in the 
arrangement of: Cu<Zn<As<Pb<Cd<Fe. While Cu and Zn have the lowest values, Fe and Cd 
have the highest values. These metals have lower HI values for adults than for children. It was 
determined that the main contributors to the heavy metal’s atmospheric concentration along the 
Gebeng industrial area were transportation and industrial emissions. The assessment for 
human health risk is an effective method in identifying the heavy metals and the way of 
exposure that are most concerning in urban settings.   
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INTRODUCTION 
One of the main issues in industrial 

environments is caused by airborne particles. 

According to Tsai and Cheng (2004) and Park and 
Kim (2005), different chemical substances, such as 
metals, inorganic chemicals and organic 
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molecules, create these particles. Several 
atmospheric processes include particles in the 
atmosphere. They are crucial in the reduction of 
visibility, the production of acids and the balancing 
of radiation. 

Through the development of clouds, they have 
both direct and indirect effects (Mészáros, 1999; 
Kwak et al., 2012). The earth's crust, which is 
stable, non-degradable and unbreakable, naturally 
contributes trace metals. 

Metal mining, the burning of fossil fuels, the 
processing of metals, incinerator operations, 
industrial for plants and wind-blown dust are some 
of heavy metal’s sources in the atmosphere 
(Kampa and Cantanas, 2008; Hassanien, 2009; 
Adani et al. 2015). In addition, a few heavy metals 
are poisonous. 

They can be found in the soil, water and air, 
which significantly negatively impact people's 
health in different parts of the world. 

Arsenic (As) and cadmium (Cd) standard 
levels were set by the European Commission in 
Directive 2004/107/EC at 6.0E-9 mg/L and 5.0E-9 
mg/L, respectively and lead (Pb) limits were set by 
Directive 2008/50/EC at 5.0E-7 mg/L (Adani et al. 
2015). 

According to the previous study, the 
accumulation of heavy metals in the human body 
can happen due to exposure towards large 
concentrations of heavy metals (Lee et al., 2006; 
Gbadebo and Bankole, 2007; Ripin et al., 2014). 
Heavy metals were recorded to expose towards the 
people in three ways.  

They can be absorbed through contact with 
skin, diet and inhalation. All bodily cells will be 
harmed by the health effects of trace metals in air 
particles, notably those related to respiratory, 
cardiovascular and other illnesses, as well as 
premature death (Prieditis and Adamson, 2002; 
Magas et al., 2007; Callen et al., 2009; Lippmann, 
2009; Wild et al. 2009).  

For strategic planning, quality management, 
and effective pollution management methods, it is 
crucial to record the heavy metal’s amount present 
in the air together with their sources in atmospheric 
dust samples. 

Prior research has not yet been conducted on 
the quality of the air dust at Gebeng, Malaysia. 
Therefore, the concentrations of As, Cd, Cu, Fe, Pb 
and Zn in the air dust in Gebeng Industrial Area, 
Malaysia, are the primary focus of this study. 

These heavy metals were selected for this 
study because they can be discharged into the 
environment as a industrial’s result and vehicle 
emissions and also have a direct effect on human 

health (Aksu, 2015).  
 
 
MATERIALS AND METHODS 
Study Area  
      Sixteen (16) unique locations in the southwest 
(August and September 2017) and northeast have 
been chosen for sample reasons (December 2017 
and February 2018).  

In addition to safety, accessibility, 
representativeness and a minimal risk of sample 
contamination, the sampling location was chosen 
for a number of factors. Chemical and 
petrochemical businesses are concentrated in 
Pahang, Malaysia's Gebeng Industrial Area (GIA). 
Eight sampling sites were chosen in this region 
since it is where the majority of petrochemical 
operations are located, which may increase air 
pollution and health risks. 

 
Sample Collection  

For seven months, from August 2017 to 
February 2018, samples were gathered every two 
days from each industrial location. There are eight 
points on each site. The sample method takes eight 
hours for each spot. Filter paper (WhatmanTM No. 
42, 0.007% ash, size of pore 2.5 m, 150 mm 
diameter), inserted in an air sampler (MAS-100 Eco 
Air Sampler) for the particulate matter at a rate of 
flow at 100 L/min through an inlet designed to have 
100% collection efficiency, was used for the air 
sampling procedure. Before and after sampling, the 
filter papers were properly adjusted for 48 hours in 
a desiccator with fresh silica gel.  

In order to reduce the impact of humidity and 
obtain a suitable measurement of the particles, a 
48-hour equilibration was performed. Only 
concentrations of particles larger than 2.5 m that 
had accumulated over the filter paper were 
discovered. The air sampler was positioned on a 
1.5 m elevated platform since the height was 
thought to be adequate for human breath. After the 
sampling procedure, the loaded filters were taken 
out of the air sampler.  

After that, they were put in the cleaned plastic 
bag, shielded from the sun, and dried for 48 hours 
in a desiccator. The mass of the aerosol particles 
gathered on each filter paper was measured using 
an electronic micro-balance (SartoriusTM 
SECURA225D1SPR) with a 0.01 mg precision. 
The variation in weights prior to and following 
sampling was quantified. 

 
Sample Digestion  

In this investigation, analytical grade reagents 
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were used for exact analysis. All laboratory 
equipment and glassware were cleaned with 
concentrated nitric acid (HNO3) of 5%. A deionized 
water then was used. The samples were digested 
for elemental analysis together with the heavy 
metal content for air particulate in the recognized 
standard reference materials (NIST®SRM® 
1648a).  

To ensure the quality and accuracy of the 
analysis, it was compared to the SRM® 1648a 
standard (urban particulate matter). Using the aqua 
regia technique as described by Radojevic and 
Bashkin (2006) and Amin et al. (2018), digestion 
samples were collected. In the aqua regia 
technique, nitric acid and hydrochloric acid are 
combined (Amin et al., 2019). 

Hydrochloric acid and nitric acid should be 
used in a 1:3 molar ratio for the aqua regia 
procedure to work best. This process is therefore a 
suitable digestion approach for environmental 
samples (Vercoutere et al. 1995; Chen and Ma, 
2001). According to Soon and Abboud (1993) and 
Taraškevičius et al. (2012). For the purpose of 
resolving environmental issues, aqua regia 
digestion is frequently employed to determine the 
presence of heavy metal ions. 

SRM® 1648a and WhatmanTM filter papers 
(blank and samples) that had been cut into small 
pieces were added to separate 100 mL beakers, 
each of which received 50 mL of aqua regia 
treatment. Watch glass was put over the beakers 
for the duration of the heating process.  

At 140oC, the mixture was heated. The 
samples were removed as 10% HNO3 was used to 
rinse the beaker. Three times these procedures 
were carried out. The solutions were subsequently 
cooled to room temperature. The final solution was 
created by diluting the solutions to volume with 
10% HNO3 and then pouring them into a 100 mL 
volumetric flask.  

For the purposes of testing for dependability, 
accuracy and finding precision, three duplicate 
samples were created. Blanks and a number of 
common solutions were made ready. The diluted 
ICP Multi-element Standard Solution IV, Merck with 
ultra-pure water were used to create a number of 
standard solutions.  

The solutions were put under quick ICP-MS 
scrutiny for trace elemental determination. 80% to 
110% of the elements and ions in the SRM® 1648a 
were recovered (Table 1). 

 
Measurement of Sample  

 Elements were measured for concentration 
using ICP-MS. For the analysis of heavy metals, 

ICP-MS was chosen due to its sensitivity, 
selectivity, large dynamic concentration range, 
repeatability and cost effective implementation 
(Thomas, 2008). 
  
Table 1. Recovery of metals using certified 
reference materials (NIST®SRM® 1648a). 

Metals Certified value 
(ppm) 

Measured 
value (ppm) 

Recovery 
(%) 

Fe 
0.0392 ± 
0.0021 

0.0396 ± 
0.0008 

101.0 

Cu 610.0 ± 70.0 601.8 ± 67.0 98.7 

Pb 
0.0066 ± 
0.0003 

0.0059 ± 
0.0001 

89.4 

Cd 73.7 ± 2.3 72.8 ± 1.6 98.8 
As 115.5 ± 3.9 114.3 ± 3.7 99.0 
Zn 4800.0 ± 270.0 4789.0 ± 272.0 99.8 

  
In addition, ICP-MS is considered as powerful 

analyzer that also enables multi-element analysis 
(Beauchemin, 2010). 

ICP-MS performance was checked daily prior 
to analysis and a novel quantitative analysis 
technique was developed. The elements that will 
be measured (As, Fe, Cu, Pb, Cd, and Zn) were 
chosen and other pertinent fields were 
automatically filled in. The instrument has a record 
of this procedure.  

The device has been calibrated for each 
element using stock solutions and the blank 
solution (ultra-pure water). All samples were 
examined after calibration and the results were 
recorded. 
 
Statistical Analysis 

For the southwest and northeast monsoons 
along the study region, the descriptive statistic was 
used to define the primary characteristic of heavy 
metal in the air of Gebeng Industrial Area (GIA). 
The 2019 version of XLSTAT was used to 
statistically generate and evaluate the data. 
 
Health Risk Assessment 
Dose of Exposure 

The employed model in this assessment is to 
estimate human exposure to heavy metals. It is 
based on those created by the US Environmental 
Protection Agency.  

According to the Exposure Factors Handbook 
USEPA (1989), the equations can be used to 
calculate the average daily dose (D) (mg/kg/day) of 
a pollutant via inhalation, diet and contact with skin 
as exposure pathways. 

 
DIng = C x IngR x EF x ED x CF 
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                     BW x AT         
 
DInh = C x InhR x EF x ED 
             PEF x BW x AT 
 
DDer = C x SL x SA x ABS x EF x ED x CF 
                               BW x AT 
 

DDerm stands for amount of metals through 
contact with skin for daily exposure (mg/kg/day), 
whereas DIng and DInh stand for amount of metals 
through diet and inhalation for daily exposure, 
respectively. In Table 2, the exposure variables for 
these models are displayed with the 2009 
Environmental Site Assessment Guideline and 
USEPA as references. 
 
Table 2. Exposure factors for dose models. 

Factor Unit Value 

Children Adult 

c mg/kg This study This study 
RIng mg/day 200 100 
EF days/year 350 350 
ED years 6 24 
BW kg 15 55.9 
AT days 365 x ED 365 x ED 
CF kg/mg 1 x 10-6 1 x 10-6 
RInh m3/day 5 20 
PEF m3/kg 1.32 x 109 1.32 x 109 
SA cm2 1800 5000 
SL mg/cm2 1 1 

ABS - 0.001 0.001 

 
Assessment of Health risk 

Based on non-cancer harmful risk, a hazard 
quotient (HQ) can be derived by dividing the daily 
dose to a particular reference dose after the D for 
the three exposure pathways has been determined 
(RfD). 

 
𝐻𝑄 =   D 
          RfD 
 

The dose of reference (RfD) is an estimation of 
the maximum risk that can be imposed over the 
course of a lifetime on the general human 
population through daily exposure while taking into 
account sensitive groups.  

The RfD value threshold are used to determine 
either there will be long-term negative health 
effects or not. It is suggested that there would be 
no adverse health effects if the average daily dose 
(D) value is less than the reference dose; 
alternatively, if the D value is larger than the RfD, 
the exposure pathway will probably result in 

adverse human health effects (USEPA, 1989).  
HQ≤1 denotes that there are no adverse 

effects on health, whereas HQ>1 denotes that 
there may be adverse consequences on health. 
The Hazard Index (HI), which measures the risk 
posed by mix metal contaminants, can be 
generated by adding the HQs. 
 

HI = ∑3
𝑖=1 𝐻𝑄𝑖 

 
If more than one exposure pathway results in 

exposure of the same person or group, the term 
"HI" (for "sum of more than one Hazard Quotient 
for multiple substances and multiple exposure 
pathways") is used. The calculations were shown 
separately for shorter duration exposure, chronic, 
and sub chronic (USEPA, 1989).  

The overall risk of non-carcinogenic is a single 
element which is represented by HI and is equal to 
the sum of HQ. It is thought that there is no 
considerable danger of negative health effects if 
the value of HI is greater than 1. If HI is greater than 
1, there is a high likelihood of adverse health 
impacts and the likelihood grows as HI rises 
(USEPA, 1986). The Hazard Index is used in this 
study is to evaluate the risk of exposure towards 
heavy metsl to park dust to human health. 

 
 

RESULTS  
 

 
Figure 1. Concentrations of heavy metals in 
Gebeng. 
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Table 3. Daily dose of ingestion for Gebeng. 
Heavy 
metals 

DIng  (mg/(kg.d)) 
Southwest 

DIng  (mg/(kg.d)) 
Northeast 

Children Adult Children Adult 

Fe 6.93E-06 9.30E-07 3.97E-06 5.33E-07 
Cu 8.82E-08 1.18E-08 7.03E-08 9.43E-09 
Pb 8.86E-07 1.19E-07 6.48E-07 8.70E-08 
Cd 6.52E-08 8.75E-09 3.58E-08 4.80E-09 
As 4.47E-08 6.00E-09 1.15E-08 1.54E-09 
Zn 1.50E-06 2.01E-07 1.46E-06 1.95E-07 

 
Table 4. Daily dose of inhalation for Gebeng. 
Heavy 
metals 

DInh  (mg/(kg.d)) 
Southwest 

DInh  (mg/(kg.d)) 
Northeast 

Children Adult Children Adult 

Fe 1.31E-10 1.41E-10 7.52E-11 8.07E-11 
Cu 1.67E-12 1.79E-12 1.33E-12 1.43E-12 
Pb 1.68E-11 1.80E-11 1.23E-11 1.32E-11 
Cd 1.23E-12 1.33E-12 6.78E-13 7.28E-13 
As 8.48E-13 9.10E-13 2.18E-13 2.34E-13 
Zn 2.84E-11 3.05E-11 2.76E-11 2.96E-11 

 
Table 5. Daily dose of dermal contact for 
Gebeng. 
Heavy 
metals 

DDerm  (mg/(kg.d)) 
Southwest 

DDerm  (mg/(kg.d)) 
Northeast 

Children Adult Children Adult 

Fe 6.24E-08 4.65E-08 3.57E-08 2.66E-08 
Cu 7.94E-10 5.92E-10 6.33E-10 4.72E-10 
Pb 7.97E-09 5.94E-09 5.83E-09 4.35E-09 
Cd 5.87E-10 4.37E-10 3.22E-10 2.40E-10 
As 4.03E-10 3.00E-10 1.04E-10 7.72E-11 
Zn 1.35E-08 1.01E-08 1.31E-08 9.77E-09 

 
Table 6. Health risk from heavy metals for 
Gebeng. 
Heavy 
metals 

HI  (mg/(kg.d)) 
Southwest 

HI (mg/(kg.d)) Northeast 

Children Adult Children Adult 

Fe 2.57E-02 3.49E-03 1.47E-02 2.00E-03 

Cu 2.80E-06 6.31E-07 2.23E-06 5.03E-07 
Pb 2.68E-04 4.53E-05 1.96E-04 3.31E-05 
Cd 7.69E-05 1.75E-05 4.22E-05 9.60E-06 
As 3.29E-05 5.02E-06 8.47E-06 1.29E-06 
Zn 5.23E-06 8.38E-07 5.09E-06 8.13E-07 

 
DISCUSSION 

The findings revealed that the Gebeng 
Industrial Area's for concentrations of mean for Pb, 
Cd and As were, respectively, 0.069 mg/L ± 0.059, 
0.005 mg/L ± 0.004 and 0.004 mg/L ± 0.002. 
(southwest monsoon). 

During the northeast monsoon, the Gebeng 
Industrial Area released these heavy metals into 
the atmosphere at mean concentrations of 0.051 
mg/L ± 0.034, 0.003 mg/L ± 0.002 and 0.001 mg/L 

±  0.0004, correspondingly. 
The differences in the concentrations of heavy 

metals between the sampling sites, as shown by 
the mean (SD) for concentration levels (p 0.05).  

According to several studies, when heavy 
metals react with the creation of reactive oxygen 
species (ROS) and oxidative stress, they may 
significantly contribute to the carcinogenicity and 
toxicity to human health (Tchounwou et al. 2001; 
Tchounwou et al. 2004a; 2004b; Yedjou and 
Tchounwou, 2006; 2007; 2008) 

According to Tchounwou et al. (2012), many  
organ can be harmed by toxic metals even at low 
exposure levels. The mean concentration readings 
for As, Cd and Pb are much higher than the targets 
specified by the European Commission in 
Directives 2004/107/EC and 2008/50/EC, 
according to this study (Figure 1). 

The human body may need only a little amount 
of heavy metal accumulation, but higher 
concentrations could be harmful to our health. In 
Gebeng, the heavy metals concentrations were 
determined to be highest in Fe and lowest in As 
throughout both monsoons. The findings of this 
investigation supported recent literature that 
indicated Fe had the greatest concentrations in the 
study area (Azid et al., 2018). 

Due to the higher concentrations of heavy 
metals in the air, combustion and explosion could 
potentially result from the heavy metal's reaction. 
This will be permitted by the equation, which states 
that metals combine with oxygen to produce other 
molecules that result in combustion or oxidation. 
After generating a basic oxide, an element will 
change into a metal. 

For both adults and children, the same 
tendencies may be found in the HQ and HI. The 
values of HQ for those study paths decline in the 
following order: ingestion>contact with 
skin>inhalation. When compared to other health 
quotients, HQIng makes the largest contribution to 
HI (the overall risk). 

This showed that skin contact and inhalation 
are the two least harmful ways for heavy metals to 
affect human health before ingestion. This outcome 
is in line with other studies (Freije, 2015). 
Furthermore, the HQs and HIs of six metals are 
almost all below the safe level (=1) for both children 
and adults, showing that there are no risks related 
to these metals.  

Overall, the value of HI decreased in these 
arrangement: Fe>Cd>Pb>As>Zn>Cu. While Zn 
and Cu have the lowest values. Fe and Cd have 
higher values close to the safe range. Children are 
prone to become sensitive to certain metals than 
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adults. People below the age were therefore more 
likely than adults to be exposed to health risks 
associated with heavy metals. 

The health risk values generated in this study 
are within acceptable limits, despite the fact that 
some of the assumptions employed in the models 
were too simple and straight forward. The results 
also demonstrated that, from exposure to heavy 
metals in the dust alone, there would not be a 
significant negative effect on health.  

However, there is a great deal from uncertainty 
impact that might influences the risk from the 
calculated one. Despite many unknown effects, the 
risk assessment for human health has shown to be 
a useful technique in identifying the exposure 
pathways and heavy metals that are most 
problematic in non-rural ambients. 

The Programme of Dust Toxics Risk 
Assessment indicates the importance for approach 
in risk-oriented when educating the public and the 
government about the dangers of metal exposure 
(Shi et al., 2011; Wahab et al., 2012; Abdullah and 
Alias, 2018). 

 

CONCLUSION 
The value that established by the European 

Commission in Directives 2004/107/EC and 
2008/50/EC was exceeded by the accumulated 
concentrations of Cd, Pb, As and Zn observed in 
this research region.  

The exposure of people to contaminants 
(heavy metals) via these three pathways (diet, 
inhalation and dermal contact). Their HQ and HI 
follow a similar pattern in both lower and upper age 
people.  

In this study, diet was the main way that both 
people (lower and upper age) were exposed to 
contaminants. The estimations of HQ these three 
channels decline in the arrangement of: diet, 
contact with skin then inhalation. The results were 
recorded that the health risk ratings for a few 
metals found in roadside dust from the Gebeng 
industrial region are negligible. 

The government will greatly benefit from this 
study in terms of lowering the heavy metal pollution 
of the industrial roadside environment, as well as 
the inhabitants and workers in terms of safety 
precautions.  

The appropriate authorities will be able to 
examine present regulations and enforce stricter 
standards on pollutants discharged into the 
atmosphere with the aid of the study's information. 
In addition, physical-chemical data should be 
included in future monitoring efforts for better air 

quality evaluations. These methods will give you a 
better understanding of air quality data to identify 
potential environmental health risks. 
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