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Abstract

In order to evaluate the possible radiological impact to the environment from a coal burning power plant, Po-210 concentrations in water, Total Suspended  Solid (TSS) and surface sediment samples collected in Kapar coastal area have been investigated. The results show that the mean Po-210 concentrations were 0.69 ± 0.34 mBql-1, 85.90 ± 65.62 Bqkg-1 and 33.19 ± 14.85  Bqkg-1 in water, TSS and sediment, respectively. About 99% of them are associated with the particulate phase of water. Comparatively higher Po-210 values have been observed if compared with the literature values, which is suspected to be the impact of coal burning. The calculated values of Kd ranged from 9×105 to 381.1×105 Lg-1 and showed a negative log Kd versus TSS correlation. An attempt has been taken to investigate the seasonal variation pattern of Po-210 accumulation in marine environment and a clear relationship was revealed with higher Po-210 concentration during northeast monsoon period.
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Abstrak

Dalam penilaian kemungkinan kesan radiologi ke atas alam sekitar akhibat daripada pembakaran arang batu stesen janakuasa, maka kepekatan Po-210 dalam sampel air, bahan partikel terampai (TSS) dan sedimen permukaan yang diperolehi di pesisir pantai Kapar telah dikaji. Keputusan mendapati kepekatan min Po-210 adalah 0.69 ± 0.34 mBql-1, 85.90 ± 65.62 Bqkg-1 and 33.19 ± 14.85  Bqkg-1 masing-masing dalam air, TSS dan sedimen. Didapati lebih 90 % polonium adalah bergabung dengan bahan partikel dalam turus air. Nilai aktiviti Po-210 adalah tertinggi jika dibandingkan dengan nilai yang dilaporkan oleh makalah dan ini berkemungkinan disebabkan oleh kesan pembakaran arang batu.  Nilai Kd yang dikira adalah berjulat  dari  9×105 to 381.1×105 Lg-1 dan korelasi negatif ditunjuk log kd berlawan TSS. Percubaan telah dilakukan untuk mengenalpasti perubahan musim corak akumulasi Po-210 dalam persekitaran marin dan perhubungan yang jelas telah diperolehi bagi kepekatan Po-210 yang tinggi semasa tempoh monsun timur laut. 
Kata kunci: Po-210, Kapar, arang batu, Kd
Introduction

Oceans are the main regulatory agent of earth's climate and radioisotopes in the ocean are useful tracers for understanding the biogeochemical cycle. Therefore, issue of present and potential radioactive contamination in the marine environment has received considerable attention. Natural radioactivity is present since the creation of earth, that is, billions of years, and is introduced into the marine environment through terrestrial and atmospheric routes. The most important radionuclides are potasium-40, uranium and thorium series known to have a very long half-life and to be abundant in the environment. Po-210 (half-life 138.4 d) is a natural radioisotope in the U-238 decay-series and is short-lived in seawater. As Po-210 adsorb to suspended particulate matters in seawater, it has been used to follow the processes related to the exchange of reactive trace metals between the particulate and dissolved phases in the ocean. Nevertheless, it was noted that Po-210 levels in the sea may become enhanced due to direct anthropogenic inputs from the atmosphere and land runoff, e.g. coal combustion and certain mining, industrial, shipping and agricultural activities, which could result in increased public and occupational radiation exposure 
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. 

Malaysia, which is located between 2º and 7º north of the Equator, has a tropical climate with warm weather all the year round with temperatures ranging from 21ºC to 32ºC. Malaysia has about 4,800 km of coastline comprising two distinctly different physical formations, namely the mangrove fringed mud flats and sandy beaches. The Malaysian coastal area includes a land mass totaling approximately 4,162 square kilometers (sq.km), and an Economy Exclusive Zone (EEZ) totaling approximately 465,700 sq. km. However, Kapar coastal area is located at the western coast line of west Malaysia, at the Malacca strait. The Sultan Salahuddin Abdul Aziz power station is very adjacent with this coast which is normally known as the largest power station in Malaysia with generating capacity of 2420 MW and contributes about 23% of the country’s energy demand. This power station burns coal to produce electricity and the surrounding coastal area is the ultimate recipient of the fly ash which is produced by coal burning. As a result, the main source of radionuclides in the coastal area of Kapar is suspected to be the power station. There is very little information about the level of Po-210 in Malaysian coastal water relating to coal burning. Thus, the purpose of this study was to determine the level of Po-210 in the coastal area of Kapar, as well as to estimate the seasonal variation pattern of Po-210 accumulation. 

Materials and Methods

Sampling

A total of 6 sampling stations were established along the coastal area and one station, ash pond, was selected inside the power station (Figure 1). The frequency of sampling has been selected as three months, which was established on the basis of the half life of Po-210 (138 days). Samplings were carried out six times for a period of 15 months from November 2007 to February 2009. Approximately 25 L of water samples were collected using polypropylene bottle and sediment samples were collected using Petite Ponar surface grab during each sampling trip. The sediment and water samples were transported to the laboratory on the day of sampling. The sediment samples were kept in freezer for further analysis.
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Figure 1.  Map of sampling location at Kapar coastal area.

Po-210 analysis

Water samples were filtered to separate the Total Suspended Solid (TSS) through pre-weighted Whatman® cellulose filter paper (pore size 0.45 μm). The sediment and TSS samples were oven dried at 60 ºC temperature. In all these solid samples, Po-209 tracer was added as yield tracer and digested with nitric acid and perchloric acid. The solution was filtered and gently evaporated to dryness. Then Po-210 was spontaneously deposited on 2 cm diameter silver disc in 0.5 M of hydrochloric acid at 70 - 90º C for three hours.  Activity of Po-210 was determined by the Alpha Spectrometry counting system (Canberra model Alpha Analyst Spectroscopy system with a silicon-surface barrier detector).

The filtered water was acidified with concentrated nitric acid (HNO3) and maintained the pH ≤2. Then about 0.1 ml of 25 mgl-1 Fe3+ as carrier and 0.05 ml of 26.704 dpm ml-1 Po-209 as yield tracer were added into the water samples. After that, Na2CO3 were added into the sample and precipitated with ammonium hydroxide (NH4OH). The iron(II)hydroxide [Fe(ll)(OH)2] precipitate was dissolved with nitric acid and perchloric acid (HClO4). After heating for 15 minutes, NH4OH was added to maintain the pH 8 and centrifuged for separating the solution and colloidal due to obtain solid Fe(OH)3 precipitate. The precipitated residual was dissolved by HClO4 and dried at 70 ºC temperature. After this, it was dissolved by 80 ml of 0.5M  HCl and plated and counted according to the published methods [2 & 3]. 

Calculation of Po-210 activity

In general, Po-210 activities involving tracer addition and counting by alpha spectrometry system calculated by following equation: 

Activity of Po-210 = [Po-210 / Po-209] × [Po-209 activity / sample weight]                              (1)

where activity of Po-210 is the concentration activity of Po-210 in samples (mBql-1 or Bqkg-1), Po-210 is the cpm unit in samples, Po-209 is the cpm unit in tracer, Po-209 activity is the amount of tracer in dpm unit added, and sample weight is gram or liter.  

Radionuclide activity at the date of sampling has been calculated according to the following equation:

                                A = A0e-λt                                                                                                                                     (2)

where:

A = Current amount of radioactivity

A0= Original amount of radioactivity

e = base natural log (approximately 2.718)

λ= the decay constant = 0.693/t1/2 (where t1/2= half-life)

t = the amount of time elapsed from A0 to A
Calculation of Kd
The distribution coefficients (Kd) is widely used as an approach of understanding and determining the metals and radionuclides released into the aquatic environment. Based on some physical and chemical aspects of the interaction between the soluble and insoluble phases, some equations have been developed to explain some features of the observed Kd variability quantitatively.  In this study, the distribution coefficient (Kd) was calculated from the following equation [5]:

Kd = [image: image4.png]AP
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                                                                                                                                   (3)

where the Ap is the activity of particulate Po-210 (Bqkg-1), Ad is the activity of dissolved Po-210 (Bql-1) and TSS is the amount of total suspended solids in water (gl-1).

Results and Discussion

Po-210 in dissolved phase of water

The analysis of seawater samples revealed that the mean value of Po-210 concentration in dissolved phase collected from different locations during different sampling periods was 0.69 ± 0.34 mBql-1, with the minimum and maximum values of 0.12 ± 0.01 and 1.82 ± 0.04 mBql-1 respectively. Cherry & Shannon [6] measured the Po-210 activity in the open ocean surface water and found the values approximately 0.30 - 2.4 mBql-1 with the average value of 1 mBql-1, which is considered the typical values. Therefore, the measured values of this present study are within the range of the reported typical values. However, the mean calculated value of this present study was compared with other reported values at different places (Table 1). The dissolved Po-210 concentration in water is lower than those reported for different places of India 
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, whereas the Po-210 activities are in broad agreement with those reported by Shannon et al. [11] for the South African water. Comparatively higher values were recorded for Oceanic water of USSR and Syrian coast [12, 13]. However, the average activity observed in the dissolved phase (0.62±0.13 mBql-1) is higher than that of other places in Malaysia 
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. This higher activity is assumed to be the impact of coal burning in this area.
Table 1.  Comparison of average Po-210 concentration in water from other places of the world.

	Place
	Po-210 (mBql-1)
	Reference

	Kalpakkam, India
	1.9
	[7]

	Kaveri River, India
	1.1
	[8]

	Kalpakkam, India
	6.6
	[17]

	Oceanic water of USSR
	9.2
	[12]

	Kuala Selangor river, Malaysia
	0.18
	[16]

	Kuala Selangor river, Malaysia
	0.27
	[14]

	Equatorial Pacific sea
	1.06
	[18]

	Vinice region (river water)
	0.58
	[19]

	Vinice region (sea water)
	2.90
	[19]

	Kuala Selangor estuary, Malaysia
	0.365
	[15]

	Kerala, India
	2
	[9]

	Meghalaya, India
	360.00
	[10]

	Syrian coast
	9.57
	[13]

	South African water
	0.3-1.5
	[11]

	Malaysia
	0.69
	Present study


Po-210 in particulate phase of water

Po-210 concentrations in the particulate phase of water collected from Kapar coastal area determined were ranged from 24.60 ± 1.1 to 348.29 ± 15.54 Bqkg-1 (dw) with the mean value of 85.90±65.62 Bqkg-1 (dw). In general, the particulate Po-210 activity showed very good agreement with the dissolved phase. The results demonstrated that 99 % of the total Po-210 activity in the surface water of the Kapar coastal area was derived from the particulate phase. A similar trend of Po-210 accumulation patterns in water samples was revealed for the North coast of Wales [20] and Kuala Selangor of Malaysia [15]. However, a significant correlation (r=0.72) was observed between the dissolved and particulate phase. Therefore, it can be assumed that the Po-210 in the dissolved and particulate phase was from the same source. In the suspended particulate matter, Po-210 displayed an average concentration value of 57.81±12.35 Bqkg-1 (dw). At various sites in the Western English Channel, the concentration of Po-210 in suspended mater varies from 43.1 ± 14.3 to 56.9 ± 15.9 Bqkg-1 [21]. The result of this study was slightly higher than these reported values. Furthermore, the activity concentration of Po-210 in the precipitation and fly ash samples, collected from the same location, ranged from 0.34 to 61.39 mBql-1 and 34.52 to 934.99 Bqkg-1 respectively, which are 2-5 times higher than the normal sampling environment [22]. Therefore it can be assumed that the coastal area of Kapar is affected by the coal burning activity. 

Po-210 in sediment
The descriptive statistic shows that the concentration of Po-210 in surface sediment samples ranged from 13.74 ± 0.61 to 68.59 ± 3.06 Bqkg-1 dry weight with the mean value of 33.19±14.85 Bqkg-1 dry weight. However, the average Po-210 concentration in the sediment of Kapar coastal area is comparable with other reported values (Table 2). The Po-210 concentration of present study is much higher than those found in Latakia, Point Calimere and Kaveri river of India. On the other hand comparatively higher value of Po-210 in the sediment of Syrian coast was observed where the phosphate loading activities was carried out. Besides that, the higher activity demonstrated in Italy where a big phosphogypsum stock pile is located. In general, comparatively higher activity of Po-210 in sediment samples than that of water may be due to the accumulation of organic debris and particulars. 
Table 2.  Comparison of average Po-210 Concentration in sediment from other places of the world.

	Place
	Po-210 (Bqkg-1 dry wt)
	Reference

	Italy
	25.9  -  84.8
	[19]

	Kerala, India
	77
	[9]

	Latakia (Syrian coast)
	17.6 ± 1.9
	[23]

	Syrian coast
	7.3 - 170
	[13]

	Kaveri river, India
	14.44 - 26.49
	[8]

	Kalpakkam coast, India
	44
	[24]

	Point Calimere, India
	1.9 ± 0.3
	[7]

	Mandapam, India
	35.30
	[25]

	Malaysia
	13.74  - 68.59
	Present study


Seasonal variation of Po-210 accumulation pattern

The calculated value of distribution coefficient (Kd) of Po-210 varied between 9×105 and 381.1×105 Lg-1 during the study period. Theng and Mohamed [15] described the Kd values for Kuala Selangor which ranged from 0.02×105 to 265×105 Lg-1. In the present study, the higher range of Kd values for Po-210 indicates that there is a strong adsorption of these nuclides onto suspended particles in aquatic system of Kapar coastal area. Consequently, Kd values for Po-210 are decreased with increasing of total suspended matter. The distribution coefficient was plotted against the particle concentration (Figure 2) and a negative log Kd versus total suspended solid (Tss) correlation has been observed. This trend is comparable with the previous studies 
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 which support the present study. 
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Figure 2.  Correlation between log Kd with log Tss for Po-210 at seven stations of Kapar coastal area obtained on  (a) November 2007  (b) February 2008  (c) May 2008  (d) August 2008   (e) November 2008 and (f) February 2009.

Previous study [27] has been shown that the concentrations of particle-reactive nuclides in areas where the suspended particle concentrations are high (>10 mgl-1), a major fraction of the nuclide exists in the particulate form. The distribution coefficient for particle-reactive nuclides, such as Th, has been observed to be correlated with SPM concentrations [28]. Balls [29] had shown that the distribution of metal concentration between dissolved and particulate phases in coastal seawater depends on the amount of suspended particle solid loading. Several hypotheses have been proposed for this observation but it appears that coagulation of colloidal size particles most likely play an important role [30].

The Kd values of Po-210 demonstrated a clear seasonal pattern (Figure 3). The weather in Malaysia is characterized by two monsoon regimes, namely, the southwest monsoon from May to September, and the northeast monsoon from November to March. The northeast monsoon brings heavy rainfall, whereas the Southwest Monsoon normally signifies relatively drier weather. In case of all the sampling location, the pattern of Kd values reflected the same seasonal pattern where the lower Kd value observed during northeast monsoon which is the major rainy season of Malaysia. On the other hand the higher Kd values calculated for southwest monsoon. During rainy season a vast amount of TSS is transported with heavy rainfall. As a result the Kd values decreases with the increase of total suspended solid and it is already estimated that 99 % of the Po-210 is associated with TSS. Therefore during northeast monsoon the activity of Po-210 is higher. Besides that, during southwest monsoon, the wind flow is light (below 15 knots), whereas during northeast monsoon wind flows briskly (up to 30 knots). Hence, during northeast monsoon the fly ash from coal power plant can mix quickly with heavy wind flow into the surrounding marine environment which is the reason of elevated Po-210 concentration in this season. 
(a) Ash pond
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           Figure 3.   Seasonal variation in the Kd values of Po-210 at the different sampling locations of Kapar coastal area. 
Conclusion

In this study, Po-210 activity concentration in the marine environment of Kapar coastal area has been successfully determined by alpha spectrometry. The value of Po-210 concentration in water is comparatively higher than other places of Malaysia, which might be the impact of coal burning. Measurement of dissolved and particulate activities of Po-210 revealed that Po-210 was concentrated to a greater degree in the suspended particles rather than the seawater. Comparatively higher activity of Po-210 in sediment samples than that of dissolved phase of water may be due to the accumulation of organic debris and particulars. The seasonal variation in Po-210 accumulation was inspected by the Kd of Po-210 which demonstrated a clear seasonal pattern with higher Kd values during southwest monsoon.
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