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Abstract This study determined the levels of selected

heavy metals (Zn, Fe, Cd, Cu and Pb) in surface dust

samples collected from the walls of residential buildings.

Samples were collected from buildings near a main road

and a secondary road in Phitsanulok, Thailand. Samples

were collected from a 1 m2 area of exterior wall using

Kimwipes. The results were dominated by Fe, with a range

of 4384.2–8376.4 and 4631.4–7582 mg kg-1 for the main

and secondary road locations, respectively. The heavy

metal concentrations followed the trend Fe[Zn[
Pb[Cu[Cd. Statistical analysis revealed a significant

difference between the samples located near the major road

compared to those near the secondary road for both Cu and

Pb. High levels of heavy metals in settled street dust and

motor vehicle emissions are expected to be the main con-

tributors of heavy metals in the surface dust samples.

Keywords Surface dust � Street dust � Heavy metals �
Residential buildings

Introduction

Heavy metals are natural constituents of the Earth’s crust

and can be dispersed into the environment by various an-

thropogenic activities. The main anthropogenic sources of

heavy metals are industrial point sources, e.g. present and

former mining activities, foundries and smelters, and dif-

fuse sources such as piping, constituents of products,

combustion by-products, traffic, industrial and human ac-

tivities (Al-Khashman 2004). Heavy metals are among the

most important pollutants in the urban environment, and

are becoming a severe public health problem due to their

acute toxicity and carcinogenicity (Leung et al. 2008).

Heavy metal contamination in urban street dust has

become a growing concern in recent years (Inyang and Bae

2006; Yongming et al. 2006; Lu et al. 2009; Hu et al. 2011;

Martuzevicius et al. 2011; Saeedi et al. 2012; Wang et al.

2012; Li et al. 2013a, b). Street dust and top roadside soils

in urban areas are indicators of heavy metal contamination

from atmospheric deposition. Major heavy metals are Pb

from leaded gasoline and Cu, Zn and Cd from car com-

ponents, tyre abrasion, lubricants, and industrial and

incinerator emissions (Markus and Mcbratney 1996; Wil-

cke et al. 1998; Christoforidis and Stamatis 2009). The

main sources of Ni and Cr in street dust are believed to be

the corrosion of cars (Fergusson and Kim 1991; Salim

Akhter and Madany 1993) and the chrome plating of some

motor vehicle parts (Al-Shayep and Seaward 2001), re-

spectively. Street dust can be resuspended and distributed

into the ambient air and buildings by the wind and the

movement of motor vehicles (Han et al. 2014).

Several heavy metals, such as Cu and Zn, are harmless

in small amounts and will not affect human health. How-

ever, heavy metals such as Pb and Cd, even at extremely

low concentrations, are toxic and are potential cofactors,

initiators or promoters in many diseases and cancers

(Dockery and Pope 1996; Willers et al. 2005; Christo-

foridis and Stamatis 2009). The investigation of heavy

metals in street dust is of particular importance due to the

inhalation of dust by those traversing the streets and those
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residing within the vicinity of the streets. The more the dust

on such streets becomes contaminated with heavy metals,

the more such people are exposed to the health problems

(Mashi et al. 2005).

The rapid growth of the municipal area of Thailand has

created numerous environmental problems and considerably

more attention has been paid to the study of heavy metal

pollution in urban air in recent years (Boonyatumanond et al.

2007; Puangthongthub et al. 2007; Ma and Singhirunnusorn

2012). Phitsanulok was chosen for this study because the

study area is a rapidly developing area due to the East–West

economic corridor linking Burma, Thailand, Laos and Viet-

nam. However, there is a lack of awareness of the presence of

trace metals in street and surface dust around the housing

areas. To our knowledge, no studies have been undertaken to

investigate the heavy metal accumulation in this area.

Therefore, the present work aims to determine the concen-

tration of heavy metals in the surface dust on selected build-

ings located on a busy road (main road) and a non-busy road

(secondary road) in Phitsanulok, Thailand. This study was

designed to investigate heavy metal concentrations of dust in

residential areas as an urban environmental health indicator.

Materials and methods

The study was performed in the province of Phitsanulok,

which is located in the lower north of Thailand and has a

population of 853, 575. It is located at 16�500N, 100�150E
(Fig. 1). The average precipitation, temperature and rela-

tive humidity in this area are 1470.8 mm, 27.9 �C and

74.7 %, respectively (Thai Meteorological Department

2013).

Forty residential buildings near either a main road, with a

heavy traffic load, or a secondary road in the city were chosen

as the sampling sites during the period July to December,

2013. The sampling sites were located in the city centre about

2 km from the river. These sites were selected based on

differing traffic loads. The Baromtriloknart road was se-

lected for the main road stations (M1–M20), representing the

urban area and is also recognised as an administrative and

commercial centre of Phitsanulok. Thus, high traffic volume

may contribute to the high amount of particulate matter in

this area. The motor vehicle and soil dust dominated the

composition of particles in the urban area (Wahid et al. 2013;

Ee-Ling et al. 2015). The secondary road stations (S1–S20)

were on the Rathutid road, which is located adjacent to the

main road and can be considered suburban with a large

number of residential areas.

Surface dust samples were collected from the exterior

walls that faced the road of twenty houses located near the

main road (M1–M20) and another twenty houses facing the

secondary road (S1–S20). All sampling sites in this study

were from buildings made from cement. Samples were

collected from a 1 m2 area of the wall using dried and pre-

weighed Kimwipes and using a method adapted from

ASTME1728-03 (American Society for Testing and Ma-

terials 2003). Dust samples were collected at ap-

proximately the same time (9 am) each sample day.

Monthly random sampling was undertaken during the

dry season to avoid rain washing out the heavy metals

(n = 12). Sample areas were marked out and measured,

allowing all results to be standardised to a concentration

expressed in mg kg-1. Each sample was collected within

1.5 m from the ground then transferred into a resealable

plastic bag, brought to the laboratory and placed in a

desiccator for 24 h.

The whole Kimwipe containing the dust was cut into

small pieces before being digested on a hot plate in a

mixture of pure concentrated acids (HNO3 and HClO4 in a

ratio of 4:1) and diluted with deionised water up to 25 mL,

then filtered through a 0.45-lm Millipore filter paper to

obtain a clear solution. The filtrate was collected and stored

at 4 �C in polypropylene bottles prior to total metal ana-

lysis. The sample preparation as used by Latif et al. (2014)

was adopted in this work. Reagent blanks for the samples

of dust from the walls were similarly prepared using

unused Kimwipes. Heavy metals were determined using an

Atomic Absorption Flame Spectrophotometer (Shimadzu,

AA-6200). Calibration of the instrument was performed

with standard multi-element solutions. The detection limits

for the analysis of heavy metals using this methodology

were 0.05 mg kg-1 for Pb, 0.03 mg kg-1 for Cu,

0.01 mg kg-1 for Cd, 0.01 mg kg-1 for Zn and

0.05 mg kg-1 for Fe. The solvents and chemicals used in

this study were analytical grade. All glassware was soaked

using nitric acid (20 %) overnight and rinsed with ultra-

pure water several times before they were dried in the

laboratory (Latif et al. 2014). All instruments involved in

the study were calibrated before use. The field blank

sample was also analysed for the control analysis. The

results were corrected based on the average blank con-

centration. A recovery test, which was in the range of

97–105 %, was also conducted for each analysis.

Results and discussion

The overall results of heavy metal determination in surface

dust samples collected at all sampling points are given in

Table 1. The highest metal concentrations were observed

for Fe with the mean concentrations of 6166.8 and

6315.1 mg kg-1 in surface dust samples located near the

main and secondary road, respectively. Cd had the lowest

metal concentration recorded with the mean concentration

of 24.7 mg kg-1. Overall, the heavy metal concentration in
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the surface dust in the study area followed the order of

Fe[Zn[ Pb[Cu[Cd.

The high concentrations of Fe in the surface dust sam-

ples can be attributed to the high levels of Fe in the soil and

street dust. There was no statistically significant difference

in Fe concentrations between surface dust samples col-

lected near main and secondary roads (p\ 0.05). A study

by Tippayawong et al. (2006) found that Fe was the major

element in the suspended dust due to resuspension of road

and soil dust. Ðordevic et al. (2005) demonstrated that

local resuspended soil dust has a more important influence

on atmospheric aerosols in an urban area, even though they

may have a remote origin.

The concentrations of Zn in surface dust were in the

range 498.4–539.4 and 298.4–349.8 mg kg-1 in the dust

near the main and secondary road, respectively. The sam-

ples taken from the houses close to the main road with high

traffic density have contributed to the presence of Zn in the

Fig. 1 Sampling locations of main and secondary roads

Table 1 Concentration levels

of heavy metals in the surface

dust of house walls (mg kg-1)

Heavy metals N Main street Secondary street

Min Max Mean SD Min Max Mean SD

Fe 12 4384.2 8376.4 6166.8 2030 4631.4 7582 6315.1 1518.8

Zn 12 498.4 539.4 518.8 20.5 298.4 349.8 322.1 25.9

Pb 12 113.34 140.9 128.7 14.1 28.1 85.7 62.3 30.3

Cu 12 74.0 104.7 89.9 15.4 57.9 79.9 67.7 11.2

Cd 12 16.6 25.6 21.3 4.5 18.1 35.1 24.7 9.1

N number of samples, SD standard deviation
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dust more than those close to the secondary road. However,

there was no significant difference between the two sample

sets from the two locations (p[ 0.05). The elevated Zn

content may have originated from the wear and tear of

vulcanised vehicle tyres, and corrosion of galvanised au-

tomobile parts (Adachi and Tainosho 2004; Al-Khashman,

2004; Kreider et al. 2010; Li et al. 2001). The concentra-

tion of Zn in the house dust is strongly associated with the

level of dust in the surrounding area and can also originate

from within the house (Fergusson and Kim 1991).

High concentrations of Pb were observed in the inves-

tigated area near the main road with a mean concentration

of 128.7 mg kg-1 while a mean of 62.3 mg kg-1 was

found in the secondary street area. The enrichment of Pb in

this area may be linked to a longer history of contamination

from the former use of leaded paint. There are a number of

sources of Pb-detached surface dusts of the houses such as

soil and paints (Laidlaw et al. 2014; Lucas et al. 2014). A

t test has shown a significant difference (p\ 0.05) between

Pb from the main and secondary roads, indicating that a

source of Pb may be traffic emissions and community ac-

tivities such as automobile repair shops and battery

manufacturers and recycle shops.

The concentrations of Cd were in the ranges 16.6–25.6

and 18.1–35.1 mg kg-1 in the dust sampled near the main

and secondary road, respectively. Cu was in the ranges of

74.0–104.7 mg kg-1 near the main road and

57.9–79.9 mg kg-1 near the secondary road. There was no

significant difference between Cd in samples collected near

the major road and those from near the secondary road.

However, the t test has shown a significant difference

(p\ 0.05) between Cu in samples from the main and

secondary roads, indicating Cu could have various sources

in the urban environment. Cd and Cu could be released into

the urban system as a result of vehicle traffic and fossil fuel

combustion. Cu in dust is believed to be from anthro-

pogenic sources such as traffic emissions and street dust.

This includes sources from car components, tyre abrasion,

brushing, bearing metals and brake dust (Adachi and

Tainosho 2004; Al-Khashman 2004).

A Pearson’s correlation coefficient was used to measure

the degree of correlation between logarithms of the heavy

metals data. The correlation matrix for heavy metal con-

centrations in the studied samples is summarised in Table 2.

Statistical analysis indicates a positive relationship between

all the possible pairs of heavy metals at the 99 % confidence

level. A moderate positive correlation was found between

Fe and Zn; Fe and Cd; Fe and Cu and Fe and Pb (r = 0.315,

0.306, 0.353 and 0.257), as well as between Cd and Cu

(r = 0.338). The results suggest that the metals originate

from similar sources, which may be automobile emissions,

street dust and other related activities.

Comparisons between heavy metals in surface dust

samples obtained in this study with heavy metals in street

dust reported from previous studies are shown in Table 3.

The concentrations of heavy metals in the surface dust on

residential buildings in Phitsanulok were generally higher

than heavy metals determined in street dust from selected

Malaysian cities (Abdul Wahab et al. 2012; Tahir et al.

2007). However, the Zn, Cu and Cd concentrations were

lower than that of street dust samples collected from

Greater Toronto, Canada (Nazzal et al. 2013). This may be

due to anthropogenic factors such as industrial activities,

traffic density, population and settlement patterns and dif-

ferent transportation systems. The levels also depend on the

natural concentration of those particular heavy metals in

the soil. The high concentrations were found at those

sampling sites where human activities are more intense,

such as the main roads and urban areas.

Table 2 Correlation matrix for the concentration of heavy metals

Heavy metals Zn Fe Cd Cu Pb

Zn 1

Fe 0.315** 1

Cd -0.054 0.306** 1

Cu 0.000 0.353** 0.338** 1

Pb 0.074 0.257** 0.085 0.224 1

** Correlation is significant at the 0.01 level (two tailed)

Table 3 Mean concentrations of heavy metal in the surface dust from this study compared to heavy metals in street dust from previous studies

Area Heavy metals (mg kg-1) References

Zn Fe Cd Cu Pb

Main street, Phitsanulok, Thailand 6166.8 518.8 128.7 89.9 21.3 This study

Secondary street, Phitsanulok, Thailand 6315.1 322 62.3 67.7 24.70 This study

Guangzhou, China NR 504 72.6 1160 4.20 Cai et al. (2013)

Seberang Prai Tengah, Malaysia NR 17.6 39.3 6.8 NR Abdul Wahab et al. (2012)

Greater Toronto, Canada 40,052 200.3 182.8 162 0.5 Nazzal et al. (2013)

Dungun, Terengganu, Malaysia 559 NR NR 44 78 Tahir et al. (2007)

NR not reported
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Conclusion

In conclusion, the analyses of the surface dust in this study

provide important information on the levels of heavy

metals in surface dust on residential buildings in Phit-

sanulok. The concentration of heavy metals in surface dust

samples were dominated by Fe followed by

Zn[ Pb[Cu[Cd. Based on the concentrations of Fe,

soil dust and street dust are expected to be major con-

tributors to the amount of heavy metals in the surface dust.

There are significant (p\ 0.01) concentrations of Pb and

Cu in the surface dust samples collected near the main road

compared to those collected near the secondary road. The

major contributors of these heavy metals are the emissions

from motor vehicles, car components and community ac-

tivities. Comparisons with other studies showed that the

concentration of heavy metals in the surface dust samples

is higher compared to the street dust collected in Malaysian

cities but lower compared to the street dust collected in

temperate countries. Several precautionary procedures,

such as the removal of settled street dust, need to be con-

ducted from time to time to reduce the resuspension of

heavy metals into the residential areas.
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