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ABSTRACT  

The Klang Valley is one of the most active and developed areas following rapid urbanisation, 

population growth and industrial activities. Consequently, this area receives a remarkable 

amount of air pollutants, particularly during the haze periods. Among the air pollutants, 

sulphur dioxide has received a considerable amount of attention worldwide, as it does not 

only affect the human health and the ecosystem, but also has a negative impact on building 

materials, such as metallic structures, cement and concrete, and limestone. Due to the specific 

characteristics of this gas, such as its chemical properties, solubility and lifetime, the gas is 

the most corrosive agent for the atmospheric corrosion of metals and alloys. This paper 

investigates the trend of SO2 that is collected from four stations in the Klang Valley, 

Malaysia, and categorises the concentration of SO2 in accordance to ISO 9223. 
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1. INTRODUCTION  

The pollution in urban areas, with its long- and short-term impact on several human life aspects 

and the environment, has been a widely acknowledged problem over the past five decades [1], 

[2]. It is now clear that the migration from rural to urban areas has brought a consequence of 

greater emissions into the atmosphere, which have mainly been produced by the increase in 

traffic [3], [4]. In addition, the rapid growth of urbanisation and industrialisation where the 

progressive expansion of suburbs to closer proximity with industrial plants in certain areas has 

led to the problem of air pollution becoming an increasingly important issue [5], [6]. Apart 

from deleterious effects on human health, air pollution can negatively impact the ecosystems, 

materials, buildings, works of art, vegetation and visibility [7]–[9]. 

The results from previous studies and land use reveal severe problems in the status of the air 

quality in Peninsular Malaysia, in highly urbanised areas such as the Klang Valley. These 

problems are generally attributed to vehicular emissions [10]. In fact, the major sources of air 

pollution in Malaysia, particularly in the urban areas are: mobile sources, where a case in point 

is motor vehicles; and stationary sources such as industrial activities, power plants and open 

burning [11]. According to the Malaysian Department of the Environment [12], motor vehicles 

contributed 82%, power stations 9%, industrial fuel burning 5%, industrial production 

processes 3%, domestic and commercial furnaces 0.2% and open burning at solid waste 

disposal sites 0.8%, of the total air emission load in the Peninsular Malaysian. In 2015, DOE 

[13] reported the industrial activities and vehicular emissions are still the major sources of air 

pollution in the country. 

The monitoring of air pollution based on several atmospheric pollutants is common in most 

countries including Malaysia [4]. These monitoring studies are of particular importance if air 

quality management efforts are to be improved, long-term air quality trends detected, the 

possible sources observed and located and the effectiveness of air quality control regulations 

increased [14]. In line with findings in most other countries, the major pollutants recorded at 

the monitoring stations used in Malaysia are: particulate matter (PM10), nitrogen dioxide (NO2), 

sulphur dioxide (SO2), carbon monoxide (CO) and ozone (O3) [10]. Among these pollutants, 

the sulphur dioxide (SO2) is the most important gas in relation to atmospheric corrosivity. 

According to the International Organization for Standardization (ISO) 9223 [15], corrosivity is 

the ability of the atmosphere to cause corrosion in a given corrosion system (e.g. atmospheric 

corrosion of a given metal or alloy). 

Air quality deterioration is always highly associated with the presence of sulphur dioxide and 

other pollutants. The main source of these pollutants is the combustion of fossil fuels, coal, 

petrol and diesel fuels, due to industrialisation and urbanisation. In fact, the combustion of 

fossils fuels which contain sulphur compounds has been recognised as the chief source of SO2, 

where the oxidation of this pollutant is made via a variety of mechanisms depending on the 

concentration of the responsible oxidants. The oxidation is most likely created as follow:  

                                                                                  (1) 

                                                                           (2) 
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                                                                               (3) 

In the presence of water droplets which are condensed from fog, rain or hygroscopic aerosol, 

SO2 will dissolve and form an aqueous phase oxidation. The following equilibria will 

activate: 

                                                                          (4) 

                                                                          (5) 

                                                                               (6) 

These equilibria are sensitive to pH, and HSO3 is the predominant ion over the pH range 

between 2 to 7. Among the proposed oxidation mechanisms for SO2 in water droplets include 

unanalysed oxidation by oxygen, oxidation by dissolved oxides of nitrogen, oxidation by ozone 

and oxidation by H2O2 and organic peroxides [16]. 

This study was conducted at four different air monitoring stations in the Klang Valley, namely 

Petaling Jaya, Shah Alam, Cheras and Putrajaya, which are located in four differing 

environments. This is aimed at determining the trend, status and possible sources of SO2 air 

pollutants at different stations in the designated area, as well as to assess the corrosivity of this 

gas in accordance of the ISO 9223. 

2. DATA AND METHODS 

 

2.1.Location and Sampling Station  

The study area (The Klang Valley) is a basin located in the south-western part of the Malaysian 

peninsular,  which is surrounded by highlands exceeding 1,500 m in altitude to the east and by 

the Straits of Malacca to the west [17], [18]. Due to its location and as one of the most 

developed areas following rapid urbanisation, population growth and industrial activities, the 

Klang Valley is constantly exposed to the issue of air quality [19]; [20]. It consists of Kuala 

Lumpur, Putrajaya, and adjoining cities and towns in the State of Selangor, such as Petaling 

Jaya, Shah Alam, Klang, Gombak, Hulu Langat and Sepang, which has a population of circa 

3.98 million in the year of 2000 [21], and over four million in 2004 [22]. The rapid 

transformation of the Klang Valley into a wide urban region during the last decade of the 

twentieth century has contributed to many of the environmental issues, particularly air pollution 

[10], [23]. The stations used in this study are located in the Klang Valley, as depicted in Fig. 1. 

Table (1) shows the details of monitoring stations in the Klang Valley.  

 

2.2.Air Quality Data 

The air quality data of SO2 used for this study were obtained from the Air Quality Division of 

the Department of the Environment, Malaysia, (DOE) through monitoring by a private 

company, Alam Sekitar Sdn Bhd (ASMA). In addition, meteorological parameters, such as 

wind speed, temperature, UV radiation and humidity were also recorded at the same stations. 
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The overall air quality data used in this study were collected between January 2013 and 

December 2014. 

 

Table 1. The investigated air monitoring Stations in the Klang Valley 

 

Station Air quality station location Area 
Area 

Category 
Coordinates 

S1 Sekolah Rendah Sri Petaling 
Petalin 

Jaya 
Industrial 

N 3.109474 

E 101.638829 

S2 
Sekolah Kebangsaan TTDI 

Jaya 

Shah 

Alam 
Urban 

N 3.104710 

E 101.556179 

S3 
Sekolah Menengah 

Kebangsaan Seri Permaisuri 
Cheras Urban 

N 3.106222 

E 101.717909 

S4 
Sekolah Kebangsaan Presint 

8(2) 
Putrajaya Urban 

N 2.931862 

E 101.681775 

 

 

 
 

Fig. 1: The area of study. 

 

2.3.Statistical Analysis  

In order to compare the concentration of SO2 pollutants between stations, several statistical 

analyses were conducted to determine the distribution of SO2 concentration using the Normal 

P–P Plot, the Normal Q–Q Plot and the One-Sample Kolmogorov–Smirnov test. An analysis of 

variance with the additional use of the Bonferroni test will be used if the data display a normal 

distribution. Likewise, the Kruskal-Wallis test will be used if the data are not in a normal 

distribution. The Pearson correlation was conducted to determine the relationship between SO2 
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pollutant at each station and meteorological factors, such as temperature, wind speed and 

humidity. Both analyses of variance and correlation analysis were conducted using the 

Statistical Package for Social Sciences (SPSS). 

 

3. RESULTS & DISCUSSION  

3.2. THE CONCENTRATIONS OF SO2 

 

The compilation of SO2 data in 2013 from the four sampling stations in the Klang Valley 

(Petaling Jaya, Shah Alam, Cheras and Putrajaya) is summarised in Table 2. From the obtained 

data, Fig. 2 displays the concentrations of SO2 at four different stations in the Klang Valley. It is 

clearly observed that the concentration of SO2 at the investigated stations widely vary from one 

station to another. It ranges from 0 to 13.10    πg/m
3
, with a mean of 6.6±2.81 πg/m

3
, as 

illustrated in Table 2. Therefore, all the data fall below the recommended Malaysian Ambient 

Air Quality Guidelines (MAAQG) for 1 hour (350 πg/m
3
) and 24 hours (105 πg/m

3
), and also 

below the World Health Organization (WHO) standard of 50 πg/m
3
. In addition, the Petaling 

Jaya station (S1) has the highest mean (9.61 πg/m
3
) compared with other stations, while the Shah 

Alam station (S2) has the lowest mean (4.80 πg/m
3
). In fact, S1 is located near the Kuala Lumpur 

(KL) city centre, and it is also surrounded by several active areas such as industries, residential 

and commercial areas, and consequently, is faced with high traffic volumes. Figure 2 revealed 

that the concentration reached a high level during the period from Oct to Dec, particularly in S2, 

S3 and S4. 

 

Fig 2: The concentration of atmospheric SO2 (µg/m
3
) in 2013 

Likewise, the concentration of SO2 in the following period, i.e. in 2014 appeared to be high, as 

illustrated in Fig. 3. The concentrations ranged between 2.62 to 18.34 πg/m
3
, with a mean of 

approximately 7.92±3.44 πg/m
3
, and these results were also below the RMAAQG for 1 hour and 

24 hours. The highest mean concentration has also been recorded at the Petaling Jaya station (S1) 

with a mean of 12.663 πg/m
3
, as this station is located in the busiest area in the Klang Valley 
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while the lowest concentration was recorded at the Cheras station (S3) with a mean of 5.678 

πg/m
3
 Table 3.  

 

Fig 3: The concentration of atmospheric SO2 (µg/m
3
) in 2014 

 

Table 2. Descriptive data of SO2 in 2013 

Station n Average St. deviation Min. Max. RMAAQG WHO 

S1 12 9.607 1.707 7.86 13.10 0.04 ppm 

105 πg/m
3
 

0.019 ppm 

50 πg/m
3
 S2 12 4.803 2.456 0 7.86 

S3 12 5.458 2.078 2.62 10.48 

S4 12 6.550 2.370 2.62 10.48 

Total 48 6.605 2.808 0 13.10 

 

Table 3. Descriptive data of SO2 in 2014 

 

Station n Average St. deviation Min. Max. RMAAQG WHO 

S1 12 12.663 2.187 10.48 18.34 0.04 ppm 

105 πg/m
3
 

0.019 ppm 

50 πg/m
3
 

 
S2 12 6.768 1.349 5.24 7.86 

S3 12 5.678 1.513 2.62 7.86 

S4 12 6.550 2.848 2.62 13.10 

Total 48 7.915 3.439 2.62 18.34 

 

 

DOE, [24] reported the annual average concentration of SO2, which was collected from different 

groups of land usage between 1999 and 2013. This report also divided the land usage into 

industrial, urban and suburban; and by background, and the largest contributor is the industrial 
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activities. A review of SO2 is illustrated in Fig. 4, where the annual average concentration ranged 

between 4.454 and 9.956 πg/m
3
. In the current study, the annual average concentration at the 

four stations in the Klang Valley is 6.605 and 7.915 πg/m
3
 in 2013 and 2014, respectively. The 

data from Fig. 4 revealed that the concentration has decreased from 1999 to 2010 and 

subsequently rose marginally in the next two years. However, the concentration levels in the 

Klang Valley are quietly higher as the area is one of the busiest and is more urbanised compared 

with other areas. The main reasons that led to a decline in the concentration level are the use of 

better quality fuel EURO-2M, which was initiated since September 2009; the stricter 

enforcement by the Department of Environment (DOE); and the extensive use of natural gas for 

motor vehicles and industrial combustion process. 

 
Fig 4: SO2 concentrations (µg/m

3
) from 1999 to 2013. 

According to the statistical results in Table 4, among the four different stations within the Klang 

Valley, no significant differences are indicated. SO2 is generally the result of industrial activities 

[25], but at these four stations, the main source of SO2 is expected to come from motor vehicles, 

and more predominantly diesel-engined trucks and buses. Additionally, SO2 was also discovered 

to be at high levels during the haze episodes. This is expected due to the composition of the 

sulphur compound, particularly from biomass burning as cited by Clairac et al. [26]. Moreover, a 

reduction of sulphur in petrol and diesel was found to contribute to the amount of SO2 in the 

atmosphere, more notably in urban and suburban areas. 

 

Table 4. Analysis of variance of SO2. 

 

Parameter Comparison Sum of Sq df M square F-value sig. 

SO2/2013 Between group 162.886 3 54.295 11.505 0.000 

Within group 207.648 44 4.719   

Total 370.535 47    

SO2/2014 Between group 368.818 3 122.939 28.918 0.000 

Within group 187.055 44 4.251   

Total 555.873 47    

 

Azmi et al.,[27] studied the trend of air pollutants namely PM10, NO2, SO2, CO and O3, and their 

correlation with the meteorological parameters at three monitoring stations in the Klang Valley, 

which were classified as urban commercial and industrial areas. The stations involve Petaling 
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Jaya, Shah Alam and Gombak, and the data from these stations were compared with the data 

recorded at Jerantut, Pahang as a background station. The findings showed that the 

concentrations of CO, NO2 and SO2 were higher in Petaling Jaya, which was caused by the 

influence of heavy traffic. In addition, the levels of PM10 and O3 were mainly related to regional 

tropical causes, such as the influence of biomass burning and UV radiation from sunlight. There 

are relatively stronger inter-pollutant correlations at the stations of Gombak and Shah Alam, and 

the results also suggested that heavy traffic flow induced high concentrations of PM10, CO, NO2 

and SO2 at the three sampling stations. Additionally, meteorological factors, particularly the 

ambient temperature and wind speed, may influence the concentration of PM10 in the 

atmosphere. In relation to the results of SO2, the mean levels were 20.96, 18.34, 7.86, and 2.62 

µg/m
3
 for the stations Petaling Jaya, Shah Alam, Gombak and Jerantut, respectively. 

 

In a study conducted in KL by Norela et al., [28] to determine the concentration of SO2 during 

work and non-work days at four locations in the Kuala Lumpur city centre, the selected locations 

were S1 (J. Tun Razak/J. Ampang), S2 (J. Ampang/J. P. Ramlee), S3 (J. Ampang/J. Sultan 

Ismail), and S4 (J. Sultan Ismail/J. R. Abdullah). The findings obtained showed that the average 

concentration of SO2 was 201.74 µg/m
3
 at all the sampling stations. Among the stations, the S3 

station revealed the highest level of SO2 during working days followed by S4, S2 and S1, with 

values of 264.62, 227.94, 199.12, and 193.88 µg/m
3
, respectively. All the aforesaid values were 

below the maximum recommended value as stipulated by the DOE under the Environmental 

Quality Act, 1974 and Environmental Quality Regulations (Clean Air), 1978, which is 340.6 

µg/m
3
 (0.13 ppm) for a one hour period. In addition, the study proved that the concentration of 

SO2 during the day were higher than those during the night, which may be correlated with human 

activities that were related to traffic volume during the day and night time. The ANOVA tests 

showed very significant differences in the SO2 concentrations for working days and non-working 

days at all stations. Another study also conducted by Norela et al. [29] at the Balakong Industrial 

area in Selangor exhibited the SO2 values of 31.44 – 117.9 µg/m
3
, and the ANOVA tests 

revealed a significant correlation between SO2 concentrations and the number of vehicles passing 

through the area. Furthermore, there was significant correlation between this pollutant and the 

ambient air temperature (T), relative humidity (RH) and wind speed (WS). 

 

Ahmad and Sidek, [30] conducted a comparative study between Sungai Penchala, Gombak and 

Jerantut, which are an urban area, suburban area and green area, respectively. The findings 

revealed that Sungai Penchala has a high level of concentration of all pollutants compared with 

two other areas. The level of SO2 at Sungai Penchala (Petaling Jaya) ranged between 0 and 47.16 

µg/m
3
 with a mean of 18.602 µg/m

3
, at Gombak this ranged between 0 and 22.794 µg/m

3
 with a 

mean of 2.62 µg/m
3
, while at Jerantut this ranged between 0 and 13.886 µg/m

3
 with a mean of 

0.262 µg/m
3
. 

In addition, Rao et al., [31] reported that this corrosive gas is emitted from chemical and paper 

industries, and combustion of fossil fuels such as coal and oil, and also usually falls as a dry 

deposition within 30 km of it source. Due to the high concentration of industrial discharges, 

salinity and high humidity, the corrosion rates in large cities, such as Mumbai were reported to 

be 3 to 6 times greater than those in other similar coastal areas in India. Fig. 5 reveals the sulphur 

dioxide levels in some Indian cities, where it is noted that the larger cities such as Mumbai, Delhi 

and Kolkata has higher levels of SO2. 
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Fig 5: The concentration of SO2 in some cities in India 

 

 

 

In 2004, Kim et al., [32] carried out a study to evaluate the relationship between air pollution and 

material damage; where the pollutants were collected with the cooperation of researchers in East 

Asia including Japan, China and Korea. Fig. 6 illustrates the annual average data concentration 

level of SO2 in these countries for seven years from 1993 to 1999. From the data, it was apparent 

that China had a high level of SO2 among all investigated Chinese cities, and they were 438.85, 

265.14, 199.91, 73.62 and 38.62 µg/m
3
 for Quiyang, Chongqing, Beijing, Shanghai and Wuhan, 

respectively. In addition, most of the Korean and Japanese cities with the exception of Tokyo 

and Daegu displayed SO2 concentrations of below 26 µg/m
3
. The study also revealed there was a 

high correlation coefficient between SO2 and the corrosion rate of metal and damage of marble.  

With regards to corrosion testing, the results showed that the corrosion rates of materials in the 

heavily polluted Chinese areas were the highest, and the corrosion rates of the metal pieces were 

generally proportional to the SO2 concentration. Between the two Korean sites, the test pieces at 

the Daegu site were likely to be more affected by the SO2 concentration. Based on Fig. () and (), 

India and China are the two greatest anthropogenic aerosol generating countries in the world. In 

fact, these countries  have been specified as the two hot spots in terms of high aerosol optical 

depth (AOD) observed from the space [33], [34]. The study that was conducted by [34] proved 

that these countries were the largest national contributors to the global anthropogenic aerosols 

budget which included SO2, BC and OC emissions during the period from 1996 to 2010. 

Additionally, during this period, the SO2 emission growth was 27% in China, and 70% in India. 



 
International Journal of Advanced Scientific and Technical Research                     Issue 6 volume 3, May –June 2016 

Available online on   http://www.rspublication.com/ijst/index.html                                                     ISSN 2249-9954 

©2016 RS Publication, rspublicationhouse@gmail.com Page 311 
 

 

Fig. 6: The annual average concentration of SO2 at several cities in East Asia 

 

 

3.2. THE CORROSIVITY OF SO2 

 

Apart from the negative impact of sulphur dioxide on human health, the gas is also a crucial 

corrosive agent in addition to the time of wetness (TOW) and airborne salinity. Table 5 uncovers 

the classification of pollution by SO2 for standard outdoor atmosphere based on ISO 9223.  Syed 

[35] stated that SO2 is a product of the combustion of sulphur-containing fossil fuels; and it plays 

a significant role in atmospheric corrosion in urban and industrial atmospheres. This substituent 

is adsorbed on metal surfaces owing to its high solubility in water, and tends to form H2SO4 in 

the presence of an electrolyte. As a result, SO4
2-

 ions are formed in the surface moisture layer by 

the oxidation of sulphur dioxide in accordance with following equation: 

 

                
                                                                                  (7) 

 

As shown, and in the case of iron corrosion, the required electrons in the above equation are 

believed to be derived from the anodic dissolution reaction and oxidation of ferrous to ferric 

ions. The formation of sulphate ions is considered the key corrosion accelerating effect from 

sulphur dioxide. As for iron and steel, the presence of these sulphate ions ultimately leads to the 

formation of iron sulphate (FeSO4). Additionally, iron sulphate is known to be a corrosion 

product component in industrial atmospheres and is mainly found in layers on the surface of 

metals. The iron sulphate is hydrolysed by the reaction and is expressed by the following 

equation: 

 

                      
                                                                           

(8) 

 

In an industrial atmosphere, metals such as iron can be corroded into FeSO4 comprising of SO2 

and O2, and FeSO4 can be oxidised to make a corrosion product (rust), freeing SO4
2-

 , which 

acidifies, then corrodes more iron, giving fresh FeSO4, hence more SO4
2-

 , and so on [36]; [37]. 
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As a result of the former process, this cyclic process can create H2SO4 and thus speed up the 

rusting process. Essentially, the cathodic corrosion process includes the reduction of H
+
 in the 

coastal industrial areas. Furthermore, the corrosion product (rust) in the coastal atmosphere 

contains β-FeOOH, which does not exist in the rusted steel samples in the industrial atmosphere 

[38]. 

 

Table 5. The classification of pollution by sulphur dioxide. 

 

Category Deposition Rate of SO2 (Pd) 

[mg/(m
2
.day)] 

Concentration of SO2 (Pc) 

(πg/m
3
) 

P0 Pd ≤ 10 Pc ≤ 12 

P1 10 < Pd ≤ 35 12 < Pc ≤ 40 

P2 35 < Pd ≤ 80 40 < Pc ≤ 90 

P3 80 < Pd ≤ 200 90 < Pc ≤ 250 

 

From Table 6, the severity of the atmospheric SO2 in the Klang Valley may be classified 

according to ISO 9223 [15]. In 2013, the concentration of SO2 ranged from 0 to 13.10 πg/m
3
, 

wherein, the concentration of this pollutant fell between P0 and P1. Based on Table (6), it can be 

observed that Petaling Jaya has the highest level of SO2 concentration, particularly in the month 

of November. To elaborate, 97.92% of SO2 concentrations were below 12 µg/m
3 

(P0), while 

2.02% fell between 12 and 40 µg/m
3
 (P1).  

 

Table 6. The categories of SO2 based on ISO 9223 in 2013 

 

Month  S1 S2 S3 S4 

Jan P0 P0 P0 P0 

Feb P0 P0 P0 P0 

Mar P0 P0 P0 P0 

Apr P0 P0 P0 P0 

May P0 P0 P0 P0 

Jun P0 P0 P0 P0 

Jul P0 P0 P0 P0 

Aug P0 P0 P0 P0 

Sep P0 P0 P0 P0 

Oct P0 P0 P0 P0 

Nov P1 P0 P0 P0 

Dec P0 P0 P0 P0 

 

Moreover, Table 7 depicts the classification of SO2 based on ISO 9223, which ranges between 

2.62 and 18.34 πg/m
3
. The results revealed that 16.67% of SO2 concentrations has fallen in the 

category P1 (12-40 πg/m
3
) while 83.33% has declined in the category P0 (≤ 12 πg/m

3
). In 

addition, the Petaling Jaya station (S1) exhibited a high level for the categories for the entire year 

of 2014, with the exception of April and October to December, which revealed low levels. 

Furthermore, most of the previous studies in the area showed that this area has a high level of 
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pollutants as it is located near the Kuala Lumpur (KL) city centre, and hence is surrounded by 

several active areas such as industrial, residential and commercial areas, and consequently, high 

traffic volumes on its roads. 

 

Table 7. The categories of SO2 based on ISO 9223 in 2014 

 

Month S1 S2 S3 S4 

Jan P1 P0 P0 P0 

Feb P1 P0 P0 P0 

Mar P1 P0 P0 P0 

Apr P0 P0 P0 P0 

May P1 P0 P0 P0 

Jun P1 P0 P0 P0 

Jul P1 P0 P0 P0 

Aug P1 P0 P0 P0 

Sep P1 P0 P0 P0 

Oct P0 P0 P0 P0 

Nov P0 P0 P0 P0 

Dec P0 P0 P0 P0 

 

As a matter of fact, sulphur dioxide an eminent pollutant, considerably enhances the corrosion 

rate of metallic material that is exposed in the atmosphere [35]. Several factors make this gas an 

important corrosive agent among other gases, and this includes the high solubility of SO2 of circa 

2600 times more than oxygen. As a result, it may be reduced at cathodic sites more rapidly than 

O2, and consequently increases anodic dissolution rates. In solution, the reduction of SO
2-

3 

competes with its oxidative conversion to SO
2-

4 as cited in [35]. In addition, the oxidation of SO2 

is enhanced by gaseous agents, such as nitrogen dioxide and ozone, as these gases can have a 

synergistic effect with SO2 and increase the corrosion rate by several folds [39] [40]; [41].  

 

As SO2 has a lifetime of between 0.5 and two days in the atmosphere, it can be transported to a 

distance of several hundred kilometres. During this period, the sulfuric acid may be partially 

neutralised, particularly with ammonia that results from the biological decomposition of organic 

matter, and then forms particles containing ammonium sulfate (NH4)2SO4, and other acid 

ammonium sulfate, such as NH4HSO4 and (NH4)3Η(SO4)2. In addition, sulphate is deposited 

chiefly through wet deposition and has a lifetime of 3 to 5 days, which permits these particles to 

be transported to a distance of approximately 1,000 km. Indeed, sulphate concentrations are 

typically less than SO2 concentrations, in particular when close to the emission source [42]. 

 

In fact, atmospheric corrosion results from the deposition of these various materials on metal 

surfaces. Two main processes can accomplish the deposition of sulphur compounds, namely dry 

deposition and wet deposition. The principal cause of atmospheric corrosion is dry deposition, 

which consists essentially of the adsorption of SO2, where the amount deposited is proportional 

to its concentration in the atmosphere. However, various materials are subject to different 

deposition rates. For instance, rusty steel surfaces will adsorb SO2 quantitatively at high relative 
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humidity, while the deposition on copper and particularly aluminium is much less. The rate of 

dry deposition of other sulphur compounds is less than that of SO2 [42].  

 

Chen et al., [43] conducted a study on the effect of sulphur dioxide on the corrosion of low alloy 

steel in a simulated coastal industrial atmosphere. The obtained findings revealed that the 

corrosion weight gain of the investigated steel initially increased with increasing SO2 content to a 

certain level and then decreased with further increments of the SO2 content. Additionally, higher 

SO2 content promoted the formation of goethite (α-FeOOH) and inhibited the formation of 

lepidocrocite (γ-FeOOH) in the rust layer. Moreover, it seemed that the deterioration effect of 

SO2 on steel corrosion was not evident in the initial stages of corrosion and SO2 began to speed 

up the steel corrosion as the corrosion process intensifies. 

 

Similarly, Liu et al.,[44] investigated the effect of air pollutants on the atmospheric corrosion of 

some metals and alloys in Hong Kong, where sulphur dioxide was among these pollutants. The 

study found a correlation between these SO2 pollutants and that the corrosion rate of materials 

displayed a strong correlation for copper (0.94), brass (0.73), bronze (0.63) and (Q235) steel 

(0.54), and weak correlation for iron (0.46), aluminium (0.45), 20# steel (0.37), 16Mn steel 

(0.34) and aluminium alloy (0.23). In addition, [31] stated that the corrosion of hard metal such 

as steel commenced at an annual average of 52 µg/m
3
, and that this concentration according to 

ISO 9223 fell in the category P2.  From the results of the current study, this elucidates that the 

concentration of SO2 falls in the categories between P0 and P1 (0-18.34 πg/m
3
), but in fact, there 

are other factors which accelerate the corrosion process such as time of wetness and airborne 

salinity. According to ISO 9223 [15], the corrosion reaction occurs when the relative humidity 

(RH) is greater than 80% and the temperature is greater than zero degree, but in such cases, the 

corrosion may occur below the limit of RH (80%) particularly in the presence of the air 

pollutants. For instance, in the presence of chlorides, the deposition of hygroscopic contaminants 

(for example, chloride salts in marine-coastal regions) occurs on the metal surface. Hence, 

effectively this lowers the critical relative humidity value (RHc), and corrosion may begin at an 

RH of between 40 and 50% [45]. 

 

On the overall, it can be observed that the dry deposition of SO2 is considered the most 

significant sulphur deposition process for the corrosion of structural metals. This type of 

corrosion is usually confined to areas having a large population, many structures and severe 

pollution. Consequently, the atmospheric corrosion caused by sulphur pollutants is commonly 

related to an area which is located in close proximity to the pollution source. 

 

4. CONCLUSION  

In conclusion, the results of this study reveal that the average concentration of sulphur dioxide 

pollutants recorded at Petaling Jaya (S1), Shah Alam (S2), Cheras (S3) and Putrajaya (S4) are 

under the permissible value recommended by the Malaysian Department of Environment and 

WHO. The average levels were 9.607, 4.803, 5.458 and 6.550 πg/m
3
 in 2013, and 12.663, 6.768, 

5.678 and 6.550 πg/m
3
 in 2014 for S1, S2, S3 and S4, respectively. In addition, the findings 

demonstrate that the mean concentration in 2014 was higher in comparison to 2013. 

Consequently, the categories of concentration for SO2 ranged from P0 to P1 in both investigated 

years. However, in 2013 the results revealed that the SO2 concentrations has fallen by 
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approximately 97.92% in the
 
P0 category, and 2.02% in the P1 category; while in 2014, the SO2 

concentrations has declined by 16.67% in the P1 category, and 83.33% in the P0 category.   
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