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ABSTRACT

Atmospheric particles in the surface air including aerosol and dust were collected using high volume air sampler 
(HVAS) for obtaining the activity levels of 210Pb and 210Po over Malaysian waters during the EPSP’09 Scientific 
Expedition. The average mass concentration of total suspended particles (TSP) in maritime air was 33 ± 2 µg/m3 
(ranged from 13 ± 1 to 74 ± 4 µg/m3). Based on previous literatures, it has been suspected that the haze episodes 
were mainly due to forest and peat bog fires as well as vehicle and industrial emissions during dry period, especially 
during southwest monsoon. Consequently, the activity levels of 210Pb and 210Po in maritime particles were relatively 
in proportion with the TSP concentrations. Meanwhile, the temporal variation of 210Po/210Pb activity ratios in the 
aerosol samples perhaps related to the difference of residence time airborne particles and contribution from different 
sources of radionuclides in which 210Pb and 210Po are not in secular equilibrium. The highest TSP concentrations and 
210Pb and 210Po activities were closely related to warm and dry period during southwest monsoon.  

1. INTRODUCTION 

During the EPSP’09 Scientific Expedition, data on air quality were 
collected using total suspended particles (TSP) measurements. This 
parameter is a collective term used for very small solid and/or liquid 
particles found in the atmosphere [1]. TSP was the first indicator used to 
represent suspended particles in the ambient air. Alias et al. [1] 
summarized that the particulate concentrations are depending on the 
wind or other influencing factors at that particular time such as 
temperature and humidity. Wind speed and directions will determine the 
amount of particulate matter at one particular point, since this particulate 
matters were transported by wind into various direction and distance 
from the source. The amount of rain fall also contributes to the 
concentration of air particulates in the air, where it’s going to be lower 
during rainy days. Malaysia is well known for its heavy rainfall. The rain 
can reduce the amount of air particulates in the air because most of it will 
be carried away by rain water. 

The suspended particles come at respirable size which can presents risks 
to human health. Because of the large number of sources, particulate 
matter may contain hundreds of different chemical elements. Fine 
particles may contain substantial quantities of sulfate, ammonium, nitrate, 
elemental carbon and condensed organic compounds. Carcinogenic 
compounds and heavy metals such as arsenic, selenium, cadmium and zinc 
are also concentrated in these particles. Larger particles, such as soil 
particles, fly ash, road aggregate, wood ash, soot and pollen are composed 
primarily of minerals, including silicon, aluminum, potassium, iron, 
calcium and other alkaline elements [2-4]. These airborne particles may 
also contain toxic substances such as polycyclic aromatic hydrocarbons 
(PAHs), semi-volatile and volatile organic compounds (VOCs), organic 
acids, free radicals, ozone, aldehydes, inorganic materials as well as 
radionuclides [5-11]. 

Natural radionuclides being assessed in this study are 210Pb and 210Po, 
which are daughters of radon gas (222Rn), emanates from the soil [12]. 
These radionuclides are members of the decay series from naturally 
occurring 238U with radioactive half-lives (t½) of 22.3 years, 138.4 days and  

3.82 days, respectively. 210Pb and its progeny 210Po in the lower layer of the 
atmosphere are attached to the aerosol and can be transported over long 
distance [13,14]. The 210Pb and its decay products in atmosphere are being 
utilized to determine the apparent tropospheric residence times and 
evaluate the aerosol sources by looking at the 210Po/210Pb and 210Bi/210Pb 
ratios [15-17].  

Besides natural phenomenon, these radionuclides are also released from 
industrial processes such as the sintering of ores in steelworks, the 
burning of coal in coal-fired power stations, the production and use of 
agricultural fertilisers and forest among others. Polonium and lead can be 
concentrated through uptake in flora and fauna, and hence can enter the 
food chain [18-25]. 

The aim of this study is to measure the concentration of TSP and activity 
levels of 210Po and 210Pb in the maritime air along Strait of Malacca, 
southern South China Sea and Sulu-Sulawesi Seas during EPSP’09 
scientific expedition. Thus, the correlation between 210Po and 210Pb 
activities with TSP was analyzed to study their relationship and variations 
during the expedition. 

2. METHODOLOGY 

2.1. Study area 

Malaysia is surrounded by Strait of Malacca, South China Sea, Sulu Sea and 
Sulawesi Sea. Strait of Malacca is located in between west of Peninsular 
Malaysia and Sumatera Indonesia. It is one of an important trade channel 
in the world. South China Sea is a coastal region which separated 
Peninsular Malaysia from Sabah and Sarawak (Borneo Island). Sulu Sea 
and Sulawesi Sea are located at the east of Sabah coastal region. The 
Ekspedisi Pelayaran Saintifik Perdana 2009 (EPSP’09) was conducted for 
one and half month from 12th June until 1st August 2009. The journey was 
covering major part of Malaysian waters including the Strait of Malacca, 
southern South China Sea (Sabah and Sarawak area), Sulu Sea and 
Sulawesi Sea (Figure 1). 
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2.2. Sample Collection  

During EPSP the air particulate matter samples were collected by using 
high volume air sampler. The air sampler was placed 15 m from sea 
surface on the highest deck of the ship at 1631.04 m3/day flow rate by 
using Whatman filters (EPM 2000) for every 24 hours. The particulate size 
collected approximately 0.01-100 μm.  

Figure 1: The journey of EPSP’09 Scientific Expedition covers Strait of 
Malacca, southern South China Sea, Sulu Sea and Sulawesi Sea from 12th 
June until 1st August 2009. 

2.3. Sequential extraction of 210Po and 210Pb  

The weighed sample was transferred to a Teflon beaker. A known amount 
of 209Po tracer and Pb (NO3)2 carrier was added into the sample for 
recovery calculation. Approximately 3:2:2:1 ratio of HNO3: HCl: HClO4: HF 
was dripped into the sample and heat the sample until it dissolved 
perfectly at ±70 oC. The sample was dissolved with 0.5M HCl after dryness. 
Ascorbic acid was added until solution become colourless. The sample 
solution was transferred into beaker for 210Po spontaneously plating onto 
a silver planchet at ±70 oC for 3 hours [26]. Finally, the silver planchet was 
rinsed with de-ionized water and dried. The 210Po was measured with α-
spectrometer (Canberra model Alpha Analyst Spectroscopy system with a 
silicon-surface barrier detector).  

The final sample solution after spontaneously plating of was 210Po was 
carried to next step for 210Pb extraction. Approximately, 5 ml of HNO3 and 
1 ml H2O2 was added into the sample and heat for 15 minutes. After cooled 
down, 20mg/L of Fe(NO3)2 carrier was added into the sample followed by 
NH3 until orange precipitate formed. The sample was centrifuged at 4000 
rpm and the precipitate residue was dissolved with 25 ml 0.5M HNO3. The 
sample solution was electrodeposited on platinum gauze at 2.3V for 1 
hour. The platinum gauze was rinsed with the mixture of 3M HNO3 and 
30% H2O2 before heated and dried. The dried sample was dissolved with 
1M HNO3 and 3 ml H2SO4. White precipitate (PbSO4) formed was filtered 
and dried. The filter paper was weighed for recovery calculation before 
wrapped the filter paper on the Perspex disc. The 210Pb was counted by 
using gross α/β counter (Tennelec model Series 5 XLB low background 
gas-flowing anti-coincidence alpha-beta counter) 30 days after 
electrodeposited.  

3. RESULTS AND DISCUSSION

3.1. Total Suspended Particles (TSP) concentrations 

During the expedition, data on air quality were collected using total 
suspended particles (TSP) measurements. From our data in Figure 2, the 
average mass concentration of TSP in Malaysian maritime air during 
EPSP’09 Scientific Expedition was 33 ± 2 µg/m3. According to a study, a 
clear and clean atmospheric conditions in Malaysia usually records a TSP 
level as low as 0 – 10 µg/m3 and can be as high as 1500 µg/m3 in a very 
dirty environment [1]. The lowest concentration of TSP during the 
sampling period was 13 ± 1 μg/m3, recorded during June 27th and July 2nd, 
2009 at the region of Layang Layang Island, located in the middle of the 
South China Sea. Whereas the highest TSP concentration (74 ± 4 µg/m3) 

was recorded during July 30th, 2009 around Lahad Datu coastal waters in 
the Sulu Sea.  

According to MMD, in the month of June 2009 experienced a weak to 
moderate southwest monsoon period which had brought warm and dry 
weather in the region [27]. Generally dry weather conditions except for 
occasional shower activities affected the southern ASEAN region of Brunei 
Darussalam, Indonesia, Malaysia and Singapore during most of June 2009 
[28]. The rainfall received for most of the southern ASEAN region was also 
below normal with less than 50% of the normal rainfall recorded in 

southern Thailand, parts of Borneo and Sumatra, particularly in the fire-
prone province of Riau, central and southern Kalimantan [27, 28]. This dry 
weather conditions led to elevated hotspot activities in Sumatra in June 
2009 [28]. 

Figure 2: Total suspended particles (TSP) and particulate matter less than 
0.95 µm (PM0.95) concentrations (µg/m3) in maritime air collected during 
EPSP’09 Scientific Expedition 

During the earlier part of the month, more hotspot counts due to forest 
fires were recorded for Sumatra Island than anywhere else, i.e. in Borneo 
and Peninsular Malaysia [28]. The prevailing southwest winds over the 
Riau area also brought smoke haze towards the western states of 
Peninsular Malaysia, particularly in Perak and Selangor. The air quality in 
Selangor was in the unhealthy range on 12 June 2009 and in Port Klang, 
the Air Pollution Index reached a high of 136 [29]. Utusan Malaysia in its 
report was saying this was due to peat bog fires occurred Klang, Shah alam 
and Kuala Langat [30]. At this period, samples were collected from Port 
Klang to Pulau Perak, Kedah via the Strait of Malacca channel. The highest 
TSP concentration in maritime air on the other hand was collected during 
Day I with 33 ± 2 µg/m3 (Figure 2).  

The second part of the sampling was taken from Port Kang to Labuan. 
(Figure 1 and 2). The highest TSP concentration in maritime air was 
recorded during the third day (20 till 21 June 2009) of EPSP’09 located in 
Southwest part of Sarawak waters with 43 ± 2 µg/m3 (Figure 2). At this 
period, scattered hotspots were occasionally detected in Borneo Island 
particularly in Sarawak and West Kalimantan and also persistently 
detected with smoke plumes in northern and central Sumatra [28]. The 
TSP concentrations collected in southern South China Sea maritime air 
were markedly increased from 20 ± 1 µg/m3 during 22 June 2009 to 43 ± 
2 µg/m3 during 24 June 2009 (Figure 2). Meanwhile, at the presence of 
rainfall activities had reduces the TSP concentrations in southern South 
China Sea maritime air, where it decreases from 24 June 2009 till the end 
of the second part of the sampling at Labuan on 27 June 2009 (Figure 2). 
The same argument was reported by MMD where the smoke haze in the 
southern ASEAN region was gradually improved with the return of rainfall 
activities giving wetter conditions throughout this region [27]. 

The third part of EPSP’09 expedition was started from Labuan during 1 
July 2009 to Terumbu Layang-layang to Kota Kinabalu Naval Port during 
6 July 2009. the TSP concentrations in Southern South China Sea 
(Terumbu Layang layang region) in this study were considerably lower 
than other sampling periods (Figure 2), which was averaged at 20 ± 2 
µg/m3 and ranged between 13 ± 1 µg/m3 on Day 15 (2 July 2009) to 25 ± 
1 µg/m3 on Day 16 (3 July 2009). According to the Air Pollutant Index (API) 
data by Department of Environment, most of the areas (almost 64 – 80%) 
in Malaysia were recorded good API which was below 50 [29]. However, 
slightly higher TSP concentration during day 16 was largely related to the 
emergence of hotspot activities with over 270 hotspot counts [28].  Smoke 
plumes detected in central and southern Sumatra during the prevailing 
dry weather which was suspected to be transported across the Straits of 
Malacca and consequently affected the Peninsular Malaysia [28]. 

The fourth part of EPSP’09 expedition was conducted from Kota Kinabalu 
Naval Port on 14 July 2009 until Tawau on 21 July 2009. The journey of 
EPSP’09 during this period was mainly covering Sulu Sea and the TSP 
concentration was averaged 31 ± 4 µg/m3, which ranged between 19 ± 1 
µg/m3 on Day 30 (17 July 2009) to 38 ± 2 µg/m3 on Day 32 (19 July 2009) 
(Figure 2). According to the National Environmental Agency of Singapore 
(NEA), persistent hotspot activities and smoke plumes detected in central 
and northern Sumatra, as well as West Kalimantan and Sarawak during 
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second half of July where a possible transboundary smoke haze might have 
affected parts of Malaysia on several occasions during the month [28]. 
Meanwhile, wet weather conditions in the later part of the month helped 
to subdue the hotspot activities in Sumatra and Borneo [27].  

The EPSP’09 was concluded with the fifth part of the expedition, returning 
from Tawau to Kota Kinabalu which was begun from Day 38 on 25 July 
2009 until Day 44 on 1 August 2009 and covering much of the Sulawesi 
Sea area during Day 38 to Day 42 and little of Sulu Sea area during Day 43 
to Day 44. However, the return of drier weather at the end of July 2009 
with emergences of active hotspot activities in Sumatra and Borneo had 
resulted hazy weather and poor air quality in Sulu and Sulawesi Seas area 
[28]. Rainfall distribution was dropped from 40% to 60% below normal 
values [27]. The air quality during this period was also worsened by 
excessive vehicle and industrial emissions from Sabah and Sarawak big 
cities [31]. As consequence, the TSP concentrations during this period 
were increased from 39 ± 2 µg/m3 in Day 38 (25 July 2009) to 74 ± 4 µg/m3 
in Day 43 (30 July 2009), averaging 56 ± 8 µg/m3 (Figure 2).  

3.2. 210Pb and 210Po activity concentrations and 210Po/210Pb activity 
ratios 

Based on Table 1, the 210Pb activity concentrations in this study was varied 
between 180 ± 52 μBq/m3 to 2315 ± 662 μBq/m3 with mean 908 ± 272 
μBq/m3. Meanwhile for 210Po, the activity was varied between 80 ± 8 
μBq/m3 to 2039 ± 214 μBq/m3 with mean 664 ± 68 μBq/m3. The range of 
210Pb and 210Po activity concentrations at natural ground levels according 
to Porstendörfer et al. are between 200-1500 μBq/m3 and 30-300 μBq/m3, 
respectively [32]. Thus, it is worth to note that the 210Po activity 
concentration from this study was highly enriched compared to the 
natural level where it is primarily produced by radioactive decay of the 
progenitor 222Rn, which emanates from continental surfaces [13].  

Table 1: Comparison between total suspended particles (TSP), natural 
radionuclide (210Pb and 210Po) activity concentrations and 210Po/210Pb 
activity ratio in the Malaysian maritime air collected during EPSP’09 
Scientific Expedition. 

Sampling date TSP 210Pb 210Po 

210Po/210Pb 
activity 
ratio 

Atmospheric 
observation 

(µg/m3) µBq/m3 µBq/m3 

12-Jun-09 33±3 249±73 558±56 2.24±0.69 Hazy 

13-Jun-09 20±2 247±71 363±37 1.47±0.45 Hazy 

18-Jun-09 30±2 180±52 418±42 2.33±0.72 Clear 

19-Jun-09 25±1 232±67 736±74 3.17±0.97 Hazy 

20-Jun-09 43±2 331±98 1099±111 3.32±1.04 Hazy 

21-Jun-09 21±1 295±86 863±87 2.93±0.90 Hazy 

22-Jun-09 20±1 304±90 954±96 3.13±0.98 Hazy 

23-Jun-09 22±1 792±227 1056±106 1.33±0.40 Hazy and rain 

24-Jun-09 43±2 512±52 Clear and rain 

25-Jun-09 25±1 355±36 Clear and rain 

26-Jun-09 14±1 377±38 Clear 

27-Jun-09 13±1 420±42 Clear and rain 

1-Jul-09 19±1 250±26 Clear 

2-Jul-09 13±1 301±30 Clear and rain 

3-Jul-09 25±1 351±35 Clear and rain 

4-Jul-09 25±1 203±20 Clear and rain 

5-Jul-09 16±1 1028±294 297±30 0.29±0.09 Clear  

6-Jul-09 21±1 422±42 Clear and rain 

14-Jul-09 29±1 628±63 Clear  

15-Jul-09 23±1 80±8 Clear 

16-Jul-09 36±2 773±78 Hazy and dry 

17-Jul-09 19±1 592±60 Hazy 

18-Jul-09 36±2 501±51 Clear 

19-Jul-09 38±2 584±59 Clear and rain 

20-Jul-09 35±2 427±43 Clear and rain 

21-Jul-09 35±2 372±37 Clear 

25-Jul-09 39±2 495±50 Clear and rain 

26-Jul-09 40±2 1649±464 397±40 0.24±0.07 Clear 

27-Jul-09 51±3 1222±349 636±64 0.52±0.16 Hazy and rain 

28-Jul-09 62±3 1392±140 Hazy 

29-Jul-09 62±3 2315±662 1590±160 0.69±0.21 Hazy 

30-Jul-09 74±4 1841±527 1857±187 1.01±0.31 Hazy 

31-Jul-09 65±3 2031±593 2039±214 1.00±0.31 Hazy 

The observed 210Pb and 210Po activity concentrations present a similar 
variation in the air with the highest concentrations during warm period of 
southwest monsoon (Figure 2). This is also coincided to the small amount 
of precipitation (rainfall) and stagnant mixing conditions in the 
troposphere due to stable atmosphere reducing the convection activities 
which lead to the drier and hazy condition during this period as discussed 
in TSP variations. A positive proportion of 210Pb and 210Po activity 
concentrations and the TSP pattern in Fig. 3 could further support the 
argument. This analysis showed significant relationship of 210Po and 210Pb 
variations to TSP concentrations pattern due to forest and peat bog 
burning and anthropogenic emissions from vehicles and industrial plants. 
During the haze episode, the TSP concentrations in maritime air increased 
by a factor of 10 compared to ambient value for TSP of 10 µg/m3 [1]. 
Simultaneously there was an increase of the same order of magnitude in 
the concentrations of 210Pb and 210Po during the haze episode (Figure 3). 

Such discrepancies have been explained by Sabuti and Mohamed where 
the excess of 210Pb and 210Po in this region is due to re-suspension of 
organic particulate matter from forest and peat bog burning and 
anthropogenic emissions from vehicles and industrial plants [33]. This 
contribution of re-suspension effects can be further explained from the 
particle size distribution of an aerosol, in which only coarse particles with 
sizes larger than 1 µm would being re-suspended [34]. Data from Table 2 
is proving this relationship between coarse particles (size more than 0.95 
µm) and 210Pb and 210Po activities using Pearson correlation coefficient. 
There was a stronger positive correlation between coarse particulate 
(PM>0.95) with 210Po (r = 0.728, N = 33, p < 0.01) than 210Pb (r = 0.383, N 
= 33, p < 0.05). 

Figure 2: Natural radionuclide (210Pb and 210Po) activity concentrations 
and 210Po/210Pb activity ratio in the Malaysian maritime air collected 
during EPSP’09 Scientific Expedition 
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Figure 3: Linear correlation between natural radionuclide (210Pb and 
210Po) activity concentrations and the TSP concentrations in the Malaysian 
maritime air collected during EPSP’09 Scientific Expedition. 

Table 2: Pearson correlation analysis to describe the linear relationship 
between coarse particles (particulate matter larger than 0.95 µm) 
concentrations with 210Pb and 210Po activity concentrations 

Correlations 

PM>0.95 Pb-210 Po-210 

PM>0.95 Pearson Correlation 1 .383* .728** 

Sig. (2-tailed) .028 .000 

N 33 33 33 

*. Correlation is significant at the 0.05 level (2-tailed). 

**. Correlation is significant at the 0.01 level (2-tailed). 

Meanwhile, the 210Po/210Pb activity ratio at natural levels only at 
approximately 0.06 to 0.10 [35-38]. However, this is only true when the 
decay of radon gas is the only source of these two radionuclides and the 
mean residence time of dust suspended in the troposphere is about 15 
days therefore there is little time for 210Po to be formed in suspended dust. 
Since 210Pb and 210Po has been known for their reactivity to particles, the 
availability of particulate matter in air column may be a major factor for 
the levels of these radionuclide activities [39]. Almost all samples have 
recorded 210Po/210Pb activity ratios exceeding unity value, with the highest 
was 3.32 ± 1.04 (Table 1, Figure 2). It is notably higher than the value of 
maritime aerosol from the eastern Pacific, 0.07 ± 0.04 [38]. 

The 210Po/210Pb activity ratios in atmosphere can be increased than the 
usual 4 – 5% to as high as 300% [24]. The high 210Po activity concentration 
levels in atmosphere from this study have been suspected due to 
significant enrichment from additional source, presumably by injection of 
210Po excess to the region [33,40]. This also gives us understanding that 
during dry seasons, the possibility of getting high radionuclide aerosols 
due to the availability of dust particles which especially from forest fires 
in air column will be higher [33, 39]. Significant contributions of biogenic 
particles from fossil fuel burning by-products has also been reported 
elsewhere [18, 20, 39, 41, 42]. 

In addition, one of the main reason is due to polonium is more volatile than 
lead thus 210Po content was in excess compared to 210Pb [42]. On the other 
hand, the continuous atmospheric photochemistry induced by solar 
radiation could also be less effective during hazy condition, causing less 
vertical mixing of the troposphere [43]. Thus, based on previous 
discussions, we might consider the longer atmospheric residence time of 
aerosols and enrichment of 210Po from forest and peat bog burning and as 
well as vehicles and industrial plants emissions in which 210Pb and 210Po 
are not in secular equilibrium and resulting higher 210Po/210Pb activity 
ratios. These are possible factors increase the aerosol residence time and 
thus accumulation of 210Pb and 210Po into the air.  

4. CONCLUSIONS 

The range and average of TSP concentrations were indicating high total 
suspended particles presence in the maritime air during the EPSP'09 
Scientific Expedition, which therefore relating to regional forest and peat 
bog fires and smokes from vehicles and industries emissions creating haze 
situation. Southwest monsoon period (May – September) had brought 
warm and dry weather in the region led to elevated forest and peat bog 
fires and smokes from vehicles and industries emissions activities. A more 
stable atmosphere during southwest monsoon also reducing the 
convection activities which lead to the drier and hazy condition during this 

period and led to an increase the aerosol residence time and thus 
accumulation of 210Pb into the air. The longer atmospheric residence time 
of aerosols could affect the enrichment of 210Pb and 210Po from different 
contribution of radionuclide sources in which 210Pb and 210Po are not in 
secular equilibrium and resulting larger than unity of 210Po/210Pb activity 
ratios.  
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