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Abstract 
 
The main objective for this paper is to determine the Beryllium-7, 7Be concentration during dry and wet  fallout 
at two different sampling stations. Two selected sampling stations are located in Bangi, Selangor and Senawang, 
Negeri Sembilan which that based on the different fallout amount received annually. Meanwhile, the dry and wet 
fallouts were collected from end of May until end of July 2015 using rain collector. The rainfall samples were 
brought to Radiochemistry and Environment Group (RAS) for further treatment by using chemical precipitation 
procedure. The filtered samples consist of 7Be concentration needs to be transferred into a Petri dish and dried in 
the oven for two (2) hour. The filtered samples from both locations were counting using Gamma Spectrometry 
for 24-hour with 20% of the detector efficiency.The uncertainty of each 7Be concentration or activity, calculated 
as a γ –detector counting error at 95% confidence level, is in the order of ± 10%. 
 
From the result showed 7Be concentration from Senawang station was lower than Bangi station in terms of 
concentration, which is 0.21 to 2.86 Bq l-1 and 0.54 to 3.55 Bq l-1 with an average 1.09 Bq l-1 and 1.53 Bq l-1, 
respectively. However, these two mean values  at two sampling stations are not significant from other reports in 
the literature e.g 0.02 to 5.90 Bq l-1 (Wallbrink and Murray, 1994), 0.50 to 1.59 Bq l-1 (Brown et al ., 1988) and 
0.59 to 2.74 Bq l-1( Peirson , 1963). Moreover, these two mean values are not to be used as reference data in 
Peninsula of Malaysia due to a minimal number of sampling stations been located. Therefore, a study should be 
carried out with more sampling stations would be selected to establish fallout 7Be data in Peninsula of Malaysia 
for future reference. 
 

Abstrak 
 
 
Kertas kajian ini bertujuan untuk menentu kandungan kepekatan Beryllium-7, 7Be di dalam air hujan dalam 
kuantiti yang sedikit dan banyak di dua stesen persampelan yang berlainan. Pemilihan dua stesen persampelan 
kajian ini adalah berdasarkan kepada jumlah hujan tahunan yang diterima iaitu di Bangi, Selangor dan 
Senawang, Negeri Sembilan.Walaubagaimanapun, Kajian ini telah dijalankan pada akhir bulan Mei sehingga 
akhir bulan Julai 2015 , iaitumengambil sampel air hujan dengan menggunakan pemungut air hujan. Air hujan 
yang telah dipungut dan dibawa ke Makmal Radiokimia dan Alam Sekitar (RAS) untuk menjalani proses 
presipitasi kimia dengan menggunakan bahan-bahan kimia.Sampel air hujan yang telah ditapis dan dirawat 
dimasukkan ke dalam Petri dish untuk dikeringkan selama 2 jam di dalam oven. Penapis yang telah dikeringkan, 
dibilang dengan menggunakan alat pembilang gamma selama 24 jam pembilangan iaitu bersamaan dengan 20% 
keberkesanan pengesan .Ketidakpastian yang digunakan bagi pengiraan kesalahan atau error  pembilang 
pengesan γ ini adalah sebanyak 95% paras keyakinan, iaitu di dalam anggaran ± 10%.  
 
Dari keputusan yang diperolehi, stesen Senawang memberikan nilai purata yang lebih rendah sedikit jika 
dibandingkan dengan stesen Bangi iaitu 0.21 to 2.86Bq l-1 dan  0.54 to 3.55Bq l-1 dengan nilai purata sebanyak   
1.09Bq l-1dan 1.53Bq l-1, iaitu nilai masing-masing. Justeru itu, nilai keputusan ini tidak jauh berbeza jika 
dibandingkan dengan dengan beberapa kajian yang telah dilaporkan di dalam literature iaitu e.g 0.02 to 5.90 Bq 
l-1 (Wallbrink and Murray, 1994), 0.50 to 1.59 Bq l-1 (Brown et al ., 1988) dan 0.59 to 2.74 Bq l-1(Peirson, 1963). 
Namun demikian, nilai keputusan daripada kajian ini tidak boleh digunapakai sebagai data rujukan disebabkan 
oleh stesen kajian yang telah dijalankan adalah minima. Justeru itu, satu kajian yang lebih lengkap akan 
dijalankan pada masa hadapan iaitu dengan penambahan jumlah stesen kajian bagi memastikan data rujukan 
untuk kandungan kepekatan 7Be di dalam air hujan boleh digunapakai di Semenanjung Malaysia pada masa 
hadapan. 
 

mailto:J.Sharib
mailto:jalal@nuclearmalaysia.gov.my


 

2 
 

Keywords: Determination , Beryllium -7 concentration, Rain collector, Chemical precipitation, Gamma 
spectrometry  
 
 
 

INTRODUCTION 

Rainfall is a droplet from which that of liquid water content transfer into earth surface via precipitation. 
Precipitation is a major component of the water cycle and its responsibility to bring our earth more moisture and 
it has no longer to suspend in the air. Therefore, the occurrence of the rainfall in the air before touches down the 
earth surface is dependant on many factors such as prevailing wind directions, ground elevation, locations within 
a continental mass. 

Meanwhile, fallout radionuclides (FRNs) commonly used as a tracer in the several study occasions. On 
the other hand, most of the scientist prefers to use the term “environmental isotopes”. Some isotopes that are 
commonly naturally occurring and widely spread in the environment or landscape and, whilst occurring at 
relatively low levels, are readily measurable. Fallout isotopes in most cases are originated from naturally 
occurring, but in some cases, they are man-made. 

The commonest isotopes widely used as tracer in the past and recent are Caesium-137 (137Cs), naturally 
derived Lead-210 (210Pb) and Beryllium-7 (7Be). Caesium-137 is a man-made isotope, with a half-life of 30.2 
years that was produced during the atmospheric testing of thermonuclear weapons during the period extending 
from the mid 1950s to the 1960s. The radioactive caesium was released into the stratosphere and globally 
distributed. Global fallout of 137Cs began in 1954, peaked in the early 1960s and subsequently decreased, 
reaching near zero levels in the mid 1980s. Fallout levels were globally variable, reflecting both annual 
precipitation amount and location relative to the main weapons tests (Walling, 2002). 

 

 

Figure 1:  Fallot Radionuclides(FRNs) in the environment  
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Naturally derived 210Pb (Pb-210, half-life 22.2 yr), another relatively long-lived fallout isotope, is 

adsorbed by soil particulate material and subsequently redistributed within the landscape in a manner similar to 
137Cs, but its potential as a tracer for studying soil redistribution has to date received only limited attention. 210Pb 
is a natural product of the 238U decay series that is derived from the decay of gaseous 222Rn (half-life 3.8 d), the 
daughter of 226Ra (half-life 1622 yr) in Figure 1. Radium-226 exists naturally in soils and rocks. The 210Pb in soils 
generated in situ by the decay of 226Ra is termed supported 210Pb and is in equilibrium with 226Ra. On the other 
hand, upward diffusion of a small portion of the 222Rn produced in the soil and rock introduces 210Pb into the 
atmosphere, and its subsequent fallout provides an input of this isotope to surface soils and sediments that will 
not be in equilibrium with its parent 226Ra (Robbins, 1978). Fallout 210Pb is commonly termed as unsupported or 
excess 210Pb when incorporated into soils or sediments in order to distinguish it from the 210Pb produced in situ 
by the decay of 226Ra. The amount of unsupported or atmospherically derived 210Pb in a soil or sediment sample 
can be calculated by measuring both the 210Pb and 226Ra activities and subtracting the 226Ra supported 210Pb 
component from the total 210Pb in the sample.  
 

Beryllium-7 (7Be) with a half-life of 53.3 day, a naturally produced in the upper atmosphere by cosmic 
ray spallation of nitrogen and oxygen. Recently, has been recognised and used as several a potential for short-
term tracer. Since the early 90s in the environmental process studies such as precipitation, washout (precipitation 
scavenging), atmospheric particle deposition and deposition patterns of airborne contaminants (Turekian et al., 
1983; Olsen et al., 1985; Todd et al., 1989).. The nuclear reaction produces BeO or Be(OH)2 which diffuse 
through the atmosphere until they attach to an atmospheric aerosol. Subsequent deposition to the land surface 
therefore occurs as both wet and dry fallout (Olsen et al., 1985), although it has been demonstrated that 7Be 
fallout is primarily associated with precipitation (Wallbrink and Murray, 1994) and in most environments.7Be is 
normally removed from the troposphere by wet and dry deposition (Kaste et al., 2002).  

 

METHODOLOGY 

RAINFALL COLLECTION 

Since this preliminary study for 7Be content in the rainfall, a sampling station for collecting rainfall 
samples has been established the outside of Block 23, Radiochemistry and Environment Group (RAS), Bangi , 
Selangor   and Bandar Warisan Puteri, Senawang, Negeri Sembilan. Rainwater samples were collected from end 
of May until end of July 2015 . Rainwater was collected from Block 23, RAS into plastic sample collector or 
cans.  Rainwater  collector or cans that are deployed containing 50 ml of concentrated Nitric acid, to ensure that 
the 7Be remains in solution within the sample before and during storage and transfer to the laboratory for further 
treatment. Following the individual storm, the next rainfall samples are collected and bring to RAS laboratory 
for further analysis. Volumes of the sample are typically excesses of litres, with some samples exceeding 10 L or 
less  in volume. There is no the actual depth of precipitation associated with individual storms is determined 
because of not using a standard rain gauge located close to the sampling site study. 

RAINFALL SAMPLE PROCESSING 

Since the half- life factor and the 7Be low activity in the rainfall from a previous studies has been done 
other researches, the preliminary tests undertaken or approach on rainfall samples indicated that 7Be activities 
were frequently below the level of detection when measured directly by transferring a representative aliquot of 
the rainfall sample in a Marinelli beaker placed onto the detector head. As a result, it proved necessary to employ 
a chemical precipitation procedure to recover the 7Be from the 0.1 -10 L of rainfall samples for direct 
measurement. Thus, the 7Be is extracted by chemical precipitation using a procedure based on that described by 
Bojanowski et al. (1983). The filter papers containing of 7Be extraction from the precipitate were rinsed with 
NH4Cl and pressed into   wafer being oven dried at 60- 80 º C. Then the dried filter was ready for the 7Be 
analysis on the Gamma spectrometry detector. 
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COUNTING AND ANALYSIS  

Radio isotope is an element or atoms may have various numbers of neutrons in the nucleus, typically 
less  stable and likely emitting radioactive particles of the others isotopes. One of the emitting radioactive 
particles is gamma ray and is a packet of electromagnetic energy. Gamma rays or gamma photons are emitted 
from the less stable radioisotope and is considered the most energetic photons in the electromagnetic spectrum 
(Plate 1).The high resolution spectrometer has been used in the study to determine gamma emitted radionuclides 
from the soil, sediment and rainfall samples. A high resolution of low level gamma spectrometer more 
specifically the detector type of a Hyperpure Germanium coaxial γ- detectors (EG&G ORTEC HPGe) with 
associated to lead shielding and liquid nitrogen cooling, linked to a multi-channel analyzer. The samples were 
placed on  top of the sensitive volume 50 mm diameters by 20 mm deep the cylindrical detector head, which 
contains of a germanium crystal. A germanium crystal detector generates some of the free electrons in response 
to absorbing the energy from the ionizing radioactivity of the samples of emitted gamma ray energy.  

Wallbrink et al (1996) and Blake et al (2000) noted that the magnitude charge in the gamma 
spectrometry crystal detector is directly related to the energy emitted from the incident gamma ray of the 
samples. Most of the γ-ray was released from the sample of the detector will be absorbed and lost due to 
processing between detectors and samples, which is the γ-ray emissions lose part all of the energy by producing 
electron pulses.  Blake et al (2000) also mentioned that the electron pulses is producing from the radioactivity 
emitted samples are amplified by the pre-amplifier as voltage pulses into the multi-channel analyzer. The multi-
channel analyzer as function of sorted the pulses height and output from the different channels into the counting 
systems, whereas transfer emitted pulses γ-ray into the counts to be processed and displayed in the screen of the 
gamma spectrometry.  

The full energy peak (FEP) is the main based counting system, where the area under the FEP is known 
as the net count rate, which is can be used to calculate the γ - radionuclide activity in the sample. In order to 
calculate the activity has been emitted from the samples activity net count rate value, detector efficiency is the 
main important to be known or report. The efficiency of the detector is a function of the energy of the γ –rays, 
the characteristics of the crystal, the geometry of the sample and self attenuation of γ –rays by the sample itself 
(Blake et al., 2000), which by using the standard for the defining the efficiency of the detector for 2 gamma 
spectrometry detectors had been used during the whole year study.  

The measurements of 7Be, the multi radionuclides soil standards obtained from Amersham International 
and 7Be-free local and sediment was using for the calibration of the detectors. Standard sample was made up for 
the plastic pots for both the soil and sediments samples analysis. Thus, for the plastic pot cases, it’s directly put 
on the top of the detector head is based on a variable height above the detector head which is depending on the 
mass volume of the sample available. Blake et al (2000) necessary created a series of standard samples filling the 
pot for the different depths for seeing the relationship between sample size and the detector efficiency. 
Meanwhile, the filter papers for the rainfall fallout sample, which is circular contained of the active area of 50 
mm multi-radionuclides were placed on the detector head and treated as a point source.  Most of the samples 
were counted for 7Be, 137Cs and 210Pb radioactivity on the detector for 24 hours (sometimes the samples were 
counted for 48 hours for the low activity samples) for the whole year samples except the rainfall samples. The 
rainfall samples were counted only for 7Be activity.  
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Figure 2: Mixed standard Gamma spectrum of soil; Beryllium-7, Be-7 photopeak shown at 477.6 keV 

 

Figure 3 : Photo peak of Beryllium-7, Be-7 at 477.6 KeV 
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RESULTS AND DISCUSSION 

Table 1: Individual average 7Be concentrations and rainfall (mm) from end of May 2015 
to end of July 2015 in Bangi and Senawang stations, Peninsula of Malaysia. 

Data average Rainfall (mm) Average7Be Station 

(Bq L-1) 

23 May-15 6.2 2.2 Bangi 

06 June 8.6 1.18 Bangi 

09 June 8.1 0.54 Bangi 

21 June 0.8 2.66 Bangi 

29 June 17.8 1.55 Bangi 

03 July 11.6 0.76 Bangi 

09 July 1.02 3.55 Bangi 

15 July 8.9 1.4 Bangi 

22 July 8.2 1.26 Bangi 

28 May-15 10.1 0.21 Senawang 

31 May 05 0.77 Senawang 

11 June 11.2 1.28 Senawang 

23 June 0.8 2.6 Senawang 

30 June 6.2 0.98 Senawang 

09 July 1.09 2.86 Senawang 

27 July 13.5 2.26 Senawang 

 

The rainfall data from each event is presented in table 1. Data is available for 16 individual events or 

short periods of rains from Bangi and Senawang stations separately. The uncertainty for each sample, calculated 

as a γ – detector-counting error at the 95% confidence level, is in the order of ± 10%. From the result showed 
7Be concentration from Senawang station was lower than Bangi station in terms of concentration, which is 0.21 

to 2.86 Bq l-1 and 0.54 to 3.55 Bq l-1 with an average 1.09 Bq l-1 and 1.53 Bq l-1, respectively. However, these 

two mean values at two sampling stations are not significant from other reports in the literature e.g 0.02 to 5.90 

Bq l-1 (Wallbrink and Murray, 1994), 0.50 to 1.59 Bq l-1 (Brown et al ., 1988) and 0.59 to 2.74 Bq l-1( Peirson , 

1963). Furthermore, there was no significant correlation between magnitude of rainfall (mm) and activity 

concentration (R2=0.01, weak correlation) and similar with Wallbrink and Murray (1994) had been reported. 
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CONCLUSIONS 

The result from this study shows that 7Be concentration is non-dependant on the rainfall or 

precipitation volume or magnitude. However, these preliminary results from two different stations are 

not reliable to use as reference data for fallout 7Be content study in Peninsula of Malaysia. The number 

of sampling stations and rainfall samples for this study still is not enough to establish as the reference 

result. Thus, a complete 7Be fallout study will conduct in near future is based on timescale, seasonal and 

spatial variability in Peninsula of Malaysia as whole. 
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