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The present distributions o f 226Ra, 228Ra and activity ratios o f 228R a f26Ra covering the east

coast o f Peninsular Malaysia were studied. Sediment core samples were collected at 10

identified stations with the thickness o f  water column between 14 -  72 m depth during the
’ 226 22$cruise conducted in 2008. Activity concentrations o f  Ra and Ra in sediment cores o f  the 

studied area were in the range o f  18.95 ± 4 .2 5  Bq/kg to 46.48 ± 6.41 Bq/kg dry wt. and 35.50  

± 7.50 Bq/kg to 77.10 ± 1 1 .3 7  Bq/kg dry wt., respectively. Meanwhile, the calculated activity 

ratios o f  228R a /26Ra were varied mostly 1.48 to 2.24. The finding showed that there has
226 22Hrelationships between Ra, Ra and oceanographic parameters which are can be 

attributed fo r  better understanding o f  its transport processes and behavior in the east coast o f  

Peninsular Malavsia marine environment.
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INTRODUCTION

Radium belongs to the alkaline earth group. It has no stable isotopes and the naturally 

occurring radium isotopes 223Ra, 224Ra, 23flRa and 22SRa have been used extensively for 

mixing and advection studies on different timescales in various regions {Broecker and Peng 

1982). They are entirely natural in origin and hence are important steady state tracers in 

oceanographic issues on time-scales from months to years (Claudia. 2002).

This study only investigates the distribution and the behavior isotopes of 226Ra (Un -  

1602 years) and 228Ra (tj/? = 5.75 years) which are released to the water column from the
2 ‘jf) 228’tti ■

sediment through decay strongly particle reactive progenitor ( Th, Th), but in 

consequence o f a difference in parent nuclide distribution (Claudia. 2002). Each o f 226Ra and 

228Ra isotopes is radioactive members o f the naturally occurring 238U and 232Th decay series, 

respectively (Lalou. 1982).

228R and 226Ra belong to the rather soluble nuclides while the parent nuclide is mostly 

confined to the oceans sediments. 226Ra and228Ra enters the ocean primarily by diffusion out 

of marine sediments (Moore, 1981). According to Nozaki et al. (1998), ‘ Ra mainly comes 

from estuarine, coastal and shelf sediments via diffusion through pore water and it’s 

transported to the open ocean by horizontal mixing and current. High concentrations of 

radium have been measured in near-bottom ocean water and deep-sea sediment pore water

(Cochran. 1979), implying that pore water is the medium to transfer radium from bottom
228 226 isediments to upper sediment. Thus, the specific distribution of both Ra and Ra in the 

water column depends on their respective half-lives as well as the distribution of their parent 

nuclides in the sediments (Claudia. 2002).

On the other hand, 22SRa has far shorter half-life, it has a much different distribution 

within the sea than does 226Ra (Claudia. 2002). The enrichment o f 22SRa in estuarine and near

shore environments is often much greater than 22<>Ra {Hancock & Murray 1996) was due to 

high regenerate o f 228Ra from their insoluble thorium parents in bottom sediments. 

According to Pomtepkasemsan & Nevissi (1990), dissolved radium is leached from 

sediments into the overlying water column, whereas particulatc radium is the result of 

resuspension of bottom sediments or riverine input. Radium isotopes reaching the ocean then 

become part of the marine ecosystcm (water, sediments, and biota). Hence, radium maybe



transfers through seawater- sed i m ent~bi ota interface and will give raise many problems 

concerning the safety o f biotic life and marine food web.

226 228The purpose of this paper is to present the result of Ra and Ra measurement 

while provide a better understanding of their distribution made on sediment core samples 

collected from the coast of Peninsular Malaysia Exclusive Economic Zone (EEZ) on the 

‘Establishment of anthropogenic radioactivity concentration in Peninsular Malaysia marine 

environment’ cruise o f the K.L. PAUS from June 11th to 30th, 2008. Besides discussing the

226Ra and 228Ra results in relation to oceanographic parameters, the authors also evaluate the
228 226status of radioactive disequilibrium ratio between Ra to Ra data in this study.

MATERIAL AND METHODS

Sampling

The study area (southern South China Sea) falls under the Exclusive Economic Zone 

of east Coast Peninsular Malaysia located at east part of Peninsular Malaysia coastal waters. 

It lies between longitude 102° 5.03' to 105° 48.77’ E and latitude 1° 14.04’ to 7° 48.92' N as 

shown in Fig 1 & 2. It is relatively shallow zone, with an average depth o f 54.9 m (Ahmad et 

al. 2009).

Tablel Coordinate of sampling station and oceanographic parameters recorded during this study

Station Latitude,
flN

Longitude,
°E

Water
depth
(m)

Distance from 
shore
(nautical miles)

Salinily
(PSU) p n T urbidily

SF02 06“ 50.04’ 102° 47.04' 46.5 50.0 33.04 8.23 2.60

SF03 07“ 05.03' 103° 04.99' 50.0 73.0 33.17 8 . 2 2 2.70

SF05 06" 56.09’ 103° 56.04' 52.0 108.0 33,53 8.18 2.63

SF11 06” 06.16’ 104° 09.11' 72.0 75.0 33.55 8.19 2.67

SF12 06° 32.01’ 104° 22.11' 59.0 1 0 1 . 0 33.69 8 . 2 0 2.80

SF17 04“ 54,12’ 103° 42.98' 54.0 17.0 33.97 8.15 2.70

SF21 04° 22.16' 104" 22.07' 65,0 52.0 33,84 8.24 2.65

SF22 04° 44.19’ 104“ 38.44’ 6 6 . 0 70.0 33.83 8 . 2 0 2.70

SF23 05° 08.10' 105" 12.90’ 67.2 109.0 33.48 8 . 2 2 2.70

SF30 01° 48.04’ 104n 15.03' 14,0 4.5 33.78 8,16 5.97



Sediment cores were collected at 10 stations using gravity box corer. Sediment cores 

were sliced into 2 cm thick layer on the board and kept into sample container before brought 

to the laboratory for further analyses. The sampling stations, coordinates and water depths of 

the 10 stations are given in Table 1. Oceanographic parameters, particularly salinity, pH and 

turbidity of the water column were also measured to serve as supporting parameters.

Analytical method

All sediment samples were oven dried at a temperature of 105 °C until a constant 

weight.. Then, the samples were grounded, weighed and packed into 200 ml marinelli beaker
226 2.2Hcontainer which is fix to that of the detector. For Ra and Ra measurements, the marinelli 

beakers were sealed with thick PVC tape to inhibit radon from escaping and stored for about 

to 3 - 4 weeks (Yii et al. 2010). This procedure was carried-out to allow the establishment of
2.26 2̂ K 228 2̂ 2an equilibrium between Ra ( ' U) and Ac ( Th) with their respective progenies (Ajayi. 

2008).

The samples were later subjected to gamma spectroscopy to determine the activities 

of their constituent radionuclides of 226Ra from its granddaughter’s photopeak, 214Pb at 295.2 

and 351,9 keV, and 214Bi at 609 keV in secular equilibrium (Brunskill et al. 2004), 

meanwhile calculation 22‘Ra activities were achieved through the measurement of the 22xAc at 

911 keV (Dukat and Kuehl. 1995). All samples were counted for 86,400 seconds using high- 

purity germanium (HPGe) spectrometer and correctcd to the date o f sampling. Count times 

were long enough to ensure a 2o  counting error of less than 10% (Yii et al. 2010).

RESULTS AND DISCUSSION

220 ■ *Surface sedim ent' Ra and Ra variation

2 Oft 226
Fig 1 & 2 showed the surface sediment ‘ Ra and Ra distribution respectively under 

the EEZ sampling area. A  coherent relationship and systematic trend can be seen by the 

spatial variations between both isotopes. Both isotopes were lower those in the north part and 

a vague trend o f a southward increase is discernible along the east cost of Peninsular 

Malaysia.
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Fig 1: Distribution of 225Ra in surface sediment within the EEZ of east coast Peninsular Malaysia
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Fig 2; Distribution of :26Ra in surface sediment within the EEZ of east coast Peninsular Malaysia



2 2 S  2 2 6Profile o f Ra and Ra activity concentration in the sediment core

2 2g 226
The activity concentrations of Ra and Ra in the 30 cm deep o f sediment core at 

the east coast of Peninsular Malaysia marine environment are showed in the vertical profile 

with decay-corrected to the sampling date (Fig 3 & 4). Their activities were ranging from 

18.95 ± 4 .2 5 0  Bq/kg to 46.48 ± 6.410 Bq/kg dry wt. and 35.50 ± 7.50 Bq/kg to 77.10 ±11 .37  

Bq/kg dry wt. for 228Ra and 226Ra, respectively. The result o f one-way ANOVA post-hoc 

analysis showed that there was a significant different at 95% confidence level (p < 0.05) in 

the mean activities of both o f radium isotopes among the sampling station location and the 

difference were significantly found to be between SF5 and SF30 with others.

High activity concentrations of 226Ra were found at several locations, such as St. 

SF02, SF12, SF17, SF23 and SF30, with their average activities recorded were 36.22 Bq/kg, 

34.12 Bq/kg, 31.66 Bq/kg, 34,67 Bq/kg and 40.55 Bq/kg, respectively (total mean: 31.65 

Bq/kg). While St. SF02, SF11, SF12, SF23 and SF30 found to be higher activity 

concentrations of 22SRa with activity o f 63.51 Bq/kg, 59.81 Bq/kg, 57.05 Bq/kg, 64,97 Bq/kg 

and 71.15 Bq/kg, respectively {total mean: 56.89 Bq/kg).

High activity o f 77.10 ± 1 1 .3 7  Bq/kg for 228Ra and 46.48 ± 6.410 Bq/kg for 226Ra was 

measured at the St. SF30 which is located at shallower water o f 14 m and near to mainland 

{4.5 nautical miles). This situation can be related to the enrichment of their grandparents 

(232Th and 230Th, respectively) in the sediment core o f the St. SF30. Other reasons such as 

weathering process, shoreline erosion and rapidly development process along the shoreline 

make possible for radium leached out from all the processes occurred. On the other hand, 

shoreline erosion o f the granite rocks and monazites; and fertilizer application in agricultural 

areas o f the drainage basin (Wood et al. 1997) would also encourage the increase o f radium 

isotope concentration at St. SF30.
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Higher activity concentration of radionuclides in some locations may be attributed to 

geological areas consisting o f granites and gneisses which contain higher concentration of 

uranium and thorium series. This assumption was supported by Ramli et al. (2000), those also 

reported that higher activity concentration of uranium and thorium in soil in Johore state were 

found in the area, which are covered by granites and metamorphic rocks.

In the case of radium, there appears to be two significant pathways, river input and 

diffusion from bottom sediments Cochran (1982). Pearson correlation test showed a

significant relationship between radium isotopes activity concentrations with distance of
228sampling station from shore with r -  - 0.591 and p  < 0.010 for Ra, while r = - 0.605 and p  

< 0.010 for 226Ra. Both isotopes have strong negatively correlation which indicated that 

radium isotopes activity concentrations were increased with closer to shore. This relationship 

showed those stations received more input of sediments and particulate matters from 

terrestrial which are contained high activity of radium (Mohamad et al. 2006). Resulting of 

sediments and particulate matter from terrestrial quickly silted on the sediment, both isotopes 

activity were higher in shallow region compare to the deep ocean. Moderate negative Pearson 

correlation existed, r = -0.450 and r -  -0.487 between water depth with 226Ra and 228Ra 

respectively at 90% confidence level. According (o Claudia (2002), 226Ra liberated rather 

from deep-sea sediments while 228Ra accumulates to higher activities in shallow water 

regions.

^26 '22.8There is a relationship between ‘ Ra and Ra at all station, where the computed

statistical analyses of Pearson Correlation for the mean values of the concentration o f both
'226 228isotopes found that there has a very strongly significant correlated between Ra and Ra 

(total value) with the Pearson coefficient, r = 0.843 at 90% confidence level. The significant 

correlations were clearly showed to be occurred between both isotopes in the St. SF17, SF 21, 

SF 22 and SF 30 as presented in Fig 5. According to Moore (1997), this relationship indicated 

that both radium isotopes supplied from the same environment origin and source. It also 

showed these two isotopes have the same chemical behavior.

9
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The 226Ra and 228Ra activity from this study were compared with the previous study as 

summarized in Table 2. Result obtained showed that activity level o f both isotopes quite low  

and distributed consistently indicated by low sowing data. This phenomenon was believed 

influenced by several factors such as re-suspended particle, transportation and sedimentation 

during strong current (IAEA 1990).

Tablt 2  226Ra and 22SRa activity concentration in sediment samples collected around Malaysia marine.

Study area
Activity (Bq/kg dry wt.)

^ R a ^ R a

East coast of Peninsular Malaysia (Zal U’yun et al. 2005) 46 .2 3 - 121,49

Southern South China Sea (SCS) and Malacca Straits (Zal U’yun ct al. 2010) 3 0 -  132 2 2 - 9 8

EEZ of east coast Peninsular Malaysia 

*this study
18.95 -46 .48

35.50-77.10

Distribution o f 228R a /26Ra activity ratio in sediment core

228 2 ^ 6The calculated activity ratios of Ra/ " Ra were varied mostly from 1.48 to 2.24 

(mean: 1.81 Bq/kg) in sediment core of studied area. This was indicated that activity 

concentration o f 22SRa was relatively much larger in such stations of SF03, SF05, SF11 and 

SF23 with mean activity ratio of 1.99, 1.93, 1.91 and 1.88, respectively. High activity ratio at 

these stations found to be resulted from the depletion o f 226Ra in the particulate phase which 

is related to the solubility o f uranium ( U) over than thorium (~ Th).

* 2̂8 226At 90% confidence level, activity ratio o f ' Ra to Ra were showed to be strongly 

correlated with the depth o f sediment core (r = 0.520). This showed there has a significant 

enrichment o f 228Ra in the bottom sediment cores compared to 226Ra. This indicated that 

22SRa is partly originated from the bottom sediment and believed to be transported to the top 

through the pore water. According to Claudia (2002), a fraction of the 228Ra formed by the 

decay of 232Th in sediments enters the sediment pore water and diffuses across the water- 

sediment interface; this process constitutes the major source of input to the ocean.

According to Lalou (1982), the 226Ra in a core initially increase towards equilibrium 

with 230Th as radium is not scavenged from sea water and thereafter decrease down the core

11



with the 230Th half-life. However, bottom sediments are thought to be a major source of the 

shorter live isotopes, ‘ Ra to estuarine waters (Moore. 1981) and near-shore environments

CONCLUSION

The distributions of “’Ra and Ra in sediment core observed in the Exclusive 

Economic Zone (EEZ) of east coast of Peninsular Malaysia were dispersed distributed 

without depending on sampling location. Several factors however rule these distributions, 

mainly mobility nature o f 226Raand 228Ra, distribution of its parents and others.
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