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Abstract. The aims of this study were to determine the composition of surfactants and water soluble ionic 

elements in road dust samples from Kuala Lumpur, Malaysia. Road dust was collected and been sieved to 

separate the dust based on three different range of particle size (µm), which are 125 > X ≥ 63 (fraction A), 

63 > X ≥ 45 (fraction B) and X < 45 (fraction C). Colorimetric method was used to determine anionic 

surfactants as Methylene Blue Active Substance (MBAS) and cationic surfactants as Disulphine Blue Active 

Substance (DBAS). Meanwhile, the water soluble ionic elements were detected using ion chromatography. 

Results indicated that MBAS were higher than DBAS in all fractions.  The finest particles (fraction C) 

showed the highest concentration of MBAS (0.53 ± 0.04 µmol/g), followed by fraction B (0.39 ± 0.03 

µmol/g) and fraction A (0.31 ± 0.02 µmol/g). For ionic compositions, the results showed the trend of SO4
2-

 
>Cl

-
 >NO3

-
 >F

-
  for anions, while for cations Ca

2+
 showed the highest concentration followed by 

K
+
 >Na

+
 >NH4

+
 >Mg

2+
. The combination of principle component analysis (PCA) and multiple linear 

regressions (MLR) revealed two major sources contributing to surfactants in road dust which explained 72.6% 

of the total varians. The possible sources were industrial/construction activities and biomass 

burning/vehicular emissions. 
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1. Introduction 

Road dust is one of the major sources of particulate matter especially in the urban atmosphere. 

Environmental consequences of road dust in terms of air and water pollution are significant especially in 

developing countries [1]. The amount of the road dust that is generated on the road surface depends on 

various factors including traffic speed, vehicle weight, local road conditions and rainfall. The strength and 

direction of the wind is a highly influential factor during its transportation [2]. 

It is important to characterize the compositions of road dust especially its chemical characteristics. 

Surfactant (surface active agent) is an organic pollutant in the road dust which is believed to affect the 

climate system by reducing the surface tension, affecting the physical properties of cloud droplets and 

eventually leading to an enhancement of cloud albedo [3, 4]. In health context, surfactants may reduce the 

surface tension of the eye’s tear film which may lead to dry eye, and also destabilize the human respiration 

system [5]. Surfactants are widely used in various industries such as in detergents, textile, pesticide, 

lubricants, and painting products [6]. High consumption of surfactants by manufacturing industries and the 

use of surfactant-containing products have accounted for the high levels of surfactants in the environment. 

This study was conducted to determine the composition of surfactants in urban road dust of Kuala 

Lumpur, Malaysia. In addition, water soluble ionic compositions were also identified to define the possible 
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sources of surfactants using multivariate analysis techniques, which are principle component analysis (PCA) 

and multiple linear regressions (MLR). 

2. Materials and Methods 

2.1. Sampling Location and Procedures 

Kuala Lumpur is the largest city centre of Malaysia which faced a heavy traffic flow everyday. For this 

study, road dust was collected from three sampling points along the major roads with heavy traffic around 

Kuala Lumpur. The sampling was conducted near the main entrance of Universiti Kebangsaan Malaysia, 

Kuala Lumpur campus (N 03º 10.09’ E 101º 42.03’). This area is surrounded by the shopping lots, hospital 

and also a famous wet market (Chow Kit).  

The road dust was collected using a softbrush and a dust pan during dry wheater, monthly (November 

2010 to Januari 2011). The samples were sieved to separate the dust based on three different range of particle 

size (µm), which are 125 > X ≥ 63 (fraction A), 63 > X ≥ 45 (fraction B) and X < 45 (fraction C). To extract 

the sample, 0.05g of dust sample from each fraction was dilluted with 50 mL of deionized water and being 

sonicated for 30 min. Then the digested sample was filtered through 0.2 µm cellulose acetate (Whatman) 

filter paper using a vacuum filter pump (Millipore, USA). The filtered sample was then diluted to 100 mL 

using deionized water and stored in a refrigerator (below 4º C) until analysis. 

2.2. Surfactant Analyses 

Surfactant analyses involved both anionic, as Methylene Blue Active Substances (MBAS) and cationic, 

as Disulphine Blue Active Substances (DBAS). The principles of surfactants analyses were based on the 

formation of a chloroform extractable ion-association complex between the anionic or cationic surfactants 

and anionic (methylene blue) or cationic (disulphine blue) dyes [7]. The light absorbances were measured at 

the wavelength of 650 nm for MBAS and 628 nm for DBAS. The calibration curves were determined by 

using Sodium Dodecyl Sulphate (SDS) as the standard solution for MBAS and Zephiramine for DBAS. For 

this analyses, the average recoveries for MBAS and DBAS measured were 83% and 91% respectively. 

2.3. Water Soluble Ionic Elements Analyses 

Ion Chromatography (Dionex, IC model ICS-1100) was employed to determine the cations from the road 

dust samples. The flow rate for this analysis was 1.0 mL min
-1

. From this study, five elements were detected 

(Na
+
, NH4

+
, K

+
, Mg

2+
 and Ca

2+
). The recoveries for all cations measured were in the range of 86 - 112%. For 

anions, Ion Chromatography (Metrohm) was used with the flow rate of 0.7 mL min
-1

. From this study, only 

four elements were detected (F
-
, Cl

-
, NO3

-
 and SO4

2-
). Results showed that the recoveries for all anions 

measured were in the range of 91 - 113%. 

2.4. Statistical Analysis 

The source identification for surfactants in road dust samples were determined by principle component 

analysis (PCA) and multiple linear regression (MLR) using XLSTAT 2012 software. PCA was performed by 

using the varimax rotated factor matrix [8, 9]. Components with eigenvalues greater than 1 were selected as 

principal component significant values. For this study, factor loading which is greater or equal to 0.70 were 

selected for source interpretation. To predict each source contribution, surfactants as MBAS and DBAS was 

set as the dependent variables and absolute factor scores was set as the independent variables. The 

percentage of contribution was calculated based on the R
2
 value [10, 11]. 

3. Results and Discussion 

3.1. Surfactants in Road Dust 

Table 1 shows the composition of surfactants in road dust according to different fractions of particle size. 

Anionic surfactants as MBAS were always higher than cationic surfactants as DBAS in all fractions. There 

was no significant correlation (p > 0.05) between MBAS and DBAS in road dust sample. The finest particles 

(fraction C) showed the highest concentration of MBAS (0.53 ± 0.04 µmol g
-1

), followed by fraction B (0.39 

± 0.03 µmol g
-1

) and fraction A (0.31 ± 0.02 µmol g
-1

). This result probably influenced by combustion 
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process particularly from motor vehicles which resulted to high level of MBAS in fine particles [11]. For 

DBAS, the trend of concentration was almost similar for each fraction. 

Table 1: Composition of surfactants (µmol g
-1

) in road dust according to different fractions 

 MBAS DBAS 

Fraction A (125 > X ≥ 63) 0.31 ± 0.02 0.15 ± 0.02 

Fraction B (63 > X ≥ 45) 0.39 ± 0.03 0.17 ± 0.02 

Fraction C (X < 45) 0.53 ± 0.04 0.15 ± 0.03 

3.2. Ionic Elements in Road Dust 

Table 2 shows the average concentrations of water soluble ionic elements in road dust sample. 

Significant variations (p < 0.05) were observed between the elements studied. For cations, the concentrations 

of the elements followed the trend of Ca
2+ 

>
 
K

+ 
>

 
Na

+ 
> NH4

-
 > Mg

2+
, whereas for anions the trend was SO4

2- 
> 

Cl
- 
> NO3

-
> F

-
 respectively. 

Table 2: Average water soluble ionic elements (mg g
-1

) in road dust samples 

  Average concentration 

(mg g
-1

) 

Range  

(mg g
-1

) 

F
-
 0.08 ± 0.02 0.04 - 0.12 

Cl
-
 1.00 ± 0.06 0.89 -1.09 

NO3
-
 0.10 ± 0.02 0.07 - 0.14 

SO4
2-

 1.54 ± 0.08 1.38 - 1.66 

Na
+
 4.61 ± 0.10 4.49 - 4.75 

NH4
+
 0.65 ± 0.03 0.61 - 0.71 

K
+
 5.30 ± 0.14 5.00 - 5.45 

Mg
2+

 0.31 ± 0.03 0.24 - 0.36 

Ca
2+

 8.81 ± 0.14 8.48 - 9.08 

 

Table 3: Factor loading after varimax rotation using PCA 

  F1 

Biomass burning/ 

Vehicular emissions 

F2 

Industrial/  

Contruction activities 

F
-
 0.571 0.700 

Cl
-
 -0.080 0.767 

NO3
-
 0.528 0.670 

SO4
2-

 0.830 0.297 

Na
+
 0.510 0.732 

NH4
+
 0.302 0.742 

K
+
 0.885 0.115 

Mg
2+

 0.697 0.533 

Ca
2+

 0.742 0.260 

Eigenvalue 5.479 1.057 

Variability (%) 60.876 11.746 

Cumulative % 60.876 72.622 

     *factors in bold indicated as strong factors 

3.3. Source Identification for MBAS in Road Dust 

Table 3 shows the factor loading after varimax rotation using the principle component analysis (PCA). 

Only the strong factors were evaluated to define the possible sources of surfactants in the road dust. Two 
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major factors with eigenvalues greater than 1 were identified with a total variance of 72.62%. The first factor 

(F1) gave a high factor loading for K
+
, SO4

2-
 and Ca

2+
 which is likely to be derived primarily from the 

biomass burning and also from vehicular emissions [12]. The second factor (F2) showed the dominancy of 

Cl
-
, followed by NH4

+
, Na

+
 and F

-
 which is a marker for industrial emissions and from construction activities 

surrounding this area [13].  

The multiple linear regression (MLR) analysis were conducted to the factor scores from the PCA results, 

thus the contribution from each possible sources have been determined as shown in Fig. 1. Results indicated 

that 56% of surfactants in the urban road dust around the study area originated from industrial and 

contruction activities, whereas 44% of them were derived from biomass burning and vehicular emissions. 

These results clearly showed that surfactants in urban road dust were derived primarily from antrophogenic 

sources. 

 
Fig. 1: Contribution of possible sources of surfactants in Kuala Lumpur road dust 

4. Conclusion 

As the conclusion, anionic surfactants as MBAS were determined higher than cationic surfactants as 

DBAS in all fractions of road dust particle sizes. This situation probably occurred due to the motor vehicles 

combustion and the high usage of anionic surfactants in manufacturing industry and daily use products. The 

finest particles (fraction C) showed the highest concentration of MBAS, followed by fraction B and fraction 

A. However, for DBAS the trend is almost the same for each fraction. For ionic compositions, the results 

showed the trend of SO4
2-

 > Cl
-
 > NO3

-
 > F

-
 for anions, and Ca

2+
 > K

+
 > Na

+
 > NH4

+
 > Mg

2+
 for cations. The 

combination of principle component analysis (PCA) and multiple linear regressions (MLR) revealed two 

major sources contributing to surfactants in road dust which are industrial/construction activities and biomass 

burning/vehicular emissions. 
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