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This paper examines the 7Be penetration onto the soil surface within two seasons of different agricultural 

activity areas. This study was conducted during the wet and dry seasons in October 2015 until March 

2016.Timah Tasoh is a catchment area located in Perlis State, Northern Peninsular of Malaysia and has 

been identified as the most suitable study site due to a small size of the catchment area. A total of sixteen 

core soil samples were taken over the course of the study using corer made of metal with a depth of 4cm 

each. All the results from this study site indicate that the 7Be penetration decreases exponentially decay 

in soil depth.The distribution of soil depth profile onto the soil surface or ho values for both seasons varied 

from  2.98 to 4.98 kgm-2 and from 3.57 to 5.57  kgm-2, respectively.Therefore, all the ho values of two 

seasons from this study are slightly higher from the results that have been reported by others. However, 

more extensive studies such as the addition of research areas should be carried out to obtain analytical 

data that can be used as future comparative data.  
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I. INTRODUCTION 

 
Malaysia, which is located at the equator lines has provided a 

distinct pattern of rainy season and heat which is quite 

significant throughout the year. It can be clearly seen, where 

Malaysia has a high relative humidity between 10% and 90% 

vary by location and the month.Therefore, the pattern of 

rainfall on the west coast of Peninsular Malaysia is 

characterised by the occurrence of 'Sumatra' in May to August 

and the range of maximum and minimum variety does not 

exist. October and November are the months with maximum 

rainfall, while February is the month with minimal 

rainfall.This can be seen in the annual rainfall amount 

recorded in Perlis State of 5927 mm for the whole year. The 

amount of rainfall received from Wang Kelian (1909 mm), 

followed by Lubok Sireh (1587 mm), Bukit Kaki (1319 mm) 

and Padang Besar (1111 mm). In general, the pattern of rain 

distribution in Tasoh and Pelarit is almost the same as the 

average of 64 mm. Moreover, there was no significant 

difference (p <0.01) for the average annual rainfall between 

the stations recorded (General Climate Information, 2001). 

The dry season often occurs early in the year, during January 

until early March with an average rainfall of 34 mm per day. 

However, rainfall is not exhaustive throughout the dry season 

as some places receive relatively high rainfall in January. 

Whereas, frequent and high rainfall frequencies are 

observed during the rainy season from August to November. 

This rain pattern seems to be concentrated in a two-week 

interval by giving a significant increase in August and higher 

in early September. Whereas, frequent and high rainfall 

frequencies are observed during the rainy season from 

August to November. This rain pattern seems to be 

concentrated in a two-week interval, with a significant 

increase in August and higher in early September. Such 

conditions continue with higher intensity and soared to rain 

at Lubok Sireh, Bukit Kaki and Wang Kelian to the highest 

level in November (Wan & Ku, 2004). Two areas have 

recorded the highest values of Kaki Bukit and Lubok Sireh 
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within a day period, measuring 140 and 160 mm in 

November. 

The term "environmental isotope" refers to the isotopes 

that are usually widely distributed in the environment or in 

the landscape. In most cases, these isotopes are naturally 

occurring but in some cases is man-made. It is also known as 

Fallout Radionuclides (FRNs) such as 7Be, 210Pb and 137Cs 

which has been widely used as a sediment tracer of soil 

erosion and sedimentationstudies by scientists all over the 

world.  137Cs is a man -made isotope that is widely used as a 

sediment detector and its half -life is 30.2 years. It was 

formed into the atmosphere through the process of 

thermonuclear weapons over a period of time ranging from 

the mid-1950s to the 1960s. Naturally derived 210Pb another 

relatively long-lived fallout isotope with a half-life 22.2 yr, is 

then absorbed by soil particulate matter and subsequently 

redistributed into landscapes similar to 137Cs, but its 

potential as a detector to study soil redistribution has so far 

received only limited attention. Whereas, 210Pb is a naturally 

produced product through the 238U decomposition series 

obtained from the decomposition of 222Rn gas (half-life 3.8 

d), daughter 226Ra (half-life 1622 years) as shown as Figure 

1. Meanwhile, Radium-226 which being in soil and rocks 

occurs naturally. 210Pb also found in the soil is produced by 

decomposition of 226Ra and is later named supported 210Pb 

after being in equilibrium equivalent with its parents, 226Ra 

(Robbins, 1978). 

7Be is a natural radionuclide  and is produced naturally in the 

upper atmosphere by the cosmic space of nitrogen and 

oxygen (Lal and Peters, 1967). Furthermore, 7Be has a half -

life of 53.29 days that results when the process of nuclear 

spallation interacts with oxygen and nitrogen and produced 

70% and 30% in the upper troposphere and lower 

stratosphere (Lal and Suess, 1968). 7Be is normally removed 

from the troposphere by wet and dry deposition. Scavenging 

(washout) is a process that usually occurs during the early 

stages of precipitation events and this in turn rapidly cleans 

the lower troposphere containing 7Be as an aerosol (Kaste et 

al., 2002a). In the meantime, evidence also suggests that 

about 90% of the total 7Be deposition in the temperate zone 

usually occurs through a process known as wet deposition 

(Benitez-Nelson et. al., 1999;  Brown et al., 1989). Thus, the 

Be2+ ion as the main component found in 7Be to reach the 

soil surface is so competitive to act as a cation exchange site 

due to its so high charge density (Kaste et al., 2002b). 

Furthermore, 7Be is absorbed so rapidly and strongly by 

particles found in soils in most environments (Hawley et al., 

1986). The studies of 7Be depth penetration onto the  soil 

surface and have demonstrated that it is predominantly 

retained in the uppermost of the soil layers have been 

reported by other scientists, which is less than 2cm 

(Wallbrink & Murray, 1996; Blake et al., 1999).   

  This research paper conducted is to examine the penetration 

of 7Be onto the soil surface within two seasons of different 

agricultural activity areas. Moreover, the 7Be has been shown 

to offer considerable potential to provide information over 

shorter timescales in depth distributionstudy.

 

Figure 1. Sources of Short Lived Fallout 

Radionuclides(FRNS) Isotopes 

 
 

II. MATERIALS AND METHOD 
 

A. Sampling and Sample Preparation 
 

Research studies was conducted in Timah Tasoh during the 

rainy and dry seasons in October 2015 until March 2016. 

Timah Tasoh is a small catchment area located in Perlis State, 

Northern Peninsular of Malaysia and has been identified as 

the most suitable study site due to the diversity of land use 

area. It is located near the Thailand border and 13 km north 

of Kangar town (6° 36’N and 100° 14’E) which consists mean 

surface area of 13.33 km2 and a storage capacity of about 40 

million m3. Meanwhile, Figure 2 shows the diversity of land 

useat Timah Tasoh catchment has been surrounded by 

different agricultural land use such as sugarcane, rubber tree, 

paddy, forest and mixed crop. 
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Figure 2. Selected study sites surrounded by various land 

use activities 

 

Core soil sampling was conducted using plastic core in bare 

area in TimahTasoh, Perlis, Malaysia. A total of sixteen core 

soil samples were taken from four different land use areas 

during the study period conducted using suitable metal 

cutters. All core soil samples that were taken and 

subsequently section into increments of 2 mm to 4 cm depth 

were brought and performed at the Radiochemistry and 

Environment Group Laboratory (RAS), Nuclear Malaysia in 

Bangi, Selangor for further sample processing (Figure 3). 

Samples were dried using an oven at 45 - 60 ºC for several 

days slowly until they reached a constant degree of dryness. 

Next, the dried sample was then ground until fine and sieved 

at 2 mm using a sieve before the sample was transferred and 

packed into a plastic pot beaker (Figure 4). 

These samples are inserted into the plastic pot for the 

purpose of calculating and analysing after the sieving process 

is carried out. 

 

 

 

 

Figure 4. Soil core sample in the plastic core is ready to slice 

 

B. Counting of 7Bein Soil Samples  
 

The counting process has been using Gamma Spectrometry 

for 24 hours with 20% detector efficiency (Figure 5). Whereas, 

the uncertainty of each sample as calculated as a detector 

Laboratory study – The 
Beryllium-7,7Be depth 

penetration in two seasonsstudy 
at Timah Tasoh, Perlis 

 Visit and collection of study site 
information 

Acquisition and analysis of 
data 

 

 all processed samples are ready 
to be counted using HPGE 

Gamma spectrometry to obtain 
7Be activity 

Figure 3. Flow chart for the measurement of 7Be activity 

in the sample 
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error γ at confidence levels according to in the order of 95% ± 

10%. determination of 7Be activities in the soil was done using 

Gamma Spectrometry counting system, consists of Hyper-

Germanium detector (HPGe) for 86400 seconds or 24 hours. 

The energy of 7Be is 477.6 KeV with 20% efficiency of the 

detector with the uncertainty for each sample taken into 

account as γ - the error of calculating the detector which is at 

95% ± 10% confidence level according to the order. 

Meanwhile, the 7Be results that have been taken into account 

from the sample are based on the concentration or activity 

according to the calculations usingEquation (1) as below: 

 

 

 

Figure 5.  All samples that have been processed are ready for 

counting 

 

Furthermore, effective methods for obtaining detector 

efficiency calibration can be calculated or classified as:  

 
f (M0) = (C0/T0-Cb/Tb) x (1/M0 x A0e-λ(t-t)0) 

 
where the efficiency τ (rate of emission) which needs to be 

multiplied by r (probability of gamma ray emission) to obtain 

the value of f which is the efficiency of the detector activity. 

Mo is the standard mass in kg, Co is the total count in 

obtained over the counting time period, Cb is the background 

of the unspiked sample, To is time count for the sampling was 

being counted, Tb is the corresponding background count 

time.  Meanwhile, the radionuclide decay constant is 

categorised as λ and further defined as: 

 

λ = ln2/T0.5 

where T0.5 is a symbol for the half -life of the radionuclide to 

be identified. Meanwhile, using the model by (Walling & 

Quine, 1990; Zhang et. al., 1990; Walling et al., 2002), which 

can be assumed and characterised  7Be depth distribution in 

the soil with the exponential function used. The depth 

distribution of 7Be is represented by an exponential decrease 

with depth: 

C(x) = ce(-x/h0) 

where C(x) is the mass concentration density of 7Be at mass 

depth x, Bqkg-1, h0  is a coefficient that describes the shape of 

the kgm-2 profile and is also known as the depth of relaxation 

mass. As the value of h0 increases, the penetration of 7Be can 

be assumed to be greater into the depth of the soil profile. 

 

III. RESULT AND DISCUSSION 
 

The characteristic depth increment (cm) of 7Be for two 

seasons in different agricultural activity areas are presented 

in Table 1 and Figure 8. All figures show that the penetration 

of 7Be decreases exponentially decay into the soil, as reported 

by scientists in most of the previous literature (Matisoffet. al., 

2002; Blake, 2000).The7Be depth penetration onto the soil 

surface was absorbed more than 2 centimetres (cm) for both 

seasons except mixed crop (Figure 6 and Figure 7). An overall, 

the depth increment values are varying between 1.2 cm to 2.8 

cm for both seasons, respectively. Therefore, the analytical 

results from this study did not differ significantly with the 

analytical results as previously reported by the scientists in 

the studies they had conducted (Wallbrink & Murray, 1996; 

Bonniwell et. al., 1999; Blake et. al., 1999; Walling & He, 

1999). 

The dry season have yielded the lowest and highest depth 

incrementover a period of sampling is carried out in the 

rubber tree and mixed crop plantation area which that 1.2 cm 

and 2.8 cm, respectively. The difference between these two 

results was decided mainly because of several factors that 

need to be considered such as soil type and amount of rainfall 

received during the dry season during the period of the study 

conducted. 
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Table 1. The ho(kgm-2) and depth increment (cm) values in 

different land use 

 Land Use ho value ( kgm-2) Depth 
increment (cm) 

 Dry 
season 

Wet 
season 

Dry 
season 

Wet 
season 

1. Sugar cane 4.98  5.57 2.2 2.6 

2. Rubber 
tree 

5.12 5.45 2.8 2.2 

3. Forest 2.98 3.57 2.4 2.6 

4. Mixed crop 4.65 4.21 1.2 1.6 

 

The distribution of soil depth profile onto the soil surfaceorho 

values vary between 2.98 - 4.98 kgm-2 and 3.57 - 5.57  kgm-2for 

both seasons as shown in Figure 9. The data has presented 

thewet season has given higher ho values compared to dry 

seasons in all different land uses except mixed crop. This 

situation can be clearly seen, where the value of ho from all land 

uses has given higher value in the wet season except in mixed 

crop areas of 4.65 kgm-2 and 4.21 kgm-2, respectively.This 

condition may be due to the low content of 7Be in rainwater 

penetrated onto the soil surface during wet seasons when 

compared to dry seasons. However, this condition is also 

possible due to several other factors such as the more rocky soil 

type in the mixed crop area. Another study also has reported 

that sand-sized particles can be characterised by a relatively 

high 7Be activity (Magilligan, 2008). Meanwhile, the ho value 

in the rubber tree area has given more than 5.0 kgm-2for both 

seasons during the study period,which the both values are 

5.45kgm-2 and 5.12 kgm-2, respectively. The ho values in both 

are not significantly different although the frequency of 

precipitation occurs in wet rainy seasons compared with the 

dry season for this extraordinary. This not so significant 

difference in ho value may be due to the newly planted rubber 

tree factor and causes the 7Becontained in the rainwater to 

absorb the soil. However, this situation is unlikely to occur in 

the forest area, where both ho yields have shown the lowest 

results for all land use in the study site, 2.98 kgm-2 and 3.57 

kgm-2, respectively. The 7Be depth penetration or h0 value from 

this study is slightly higher compared to Valdivia, Chile and 

other studies have been conducted by researchers in Brazil. For 

example, Walling and Collins (2008) have determined the h0 

values in the agricultural area at Valdivia, Southern Chile for a 

few months study area ranging from 1.28 to 2.15 Kgm-2. 

 

 

Figure 6. The depth distribution in Mixed crop with ho 

value, 4.21 kgm-2 

 

 

Figure 7. The depth distribution in Mixed crop with ho 

value, 4.21 kgm-2 

 

Almost a large part of the Timah tasoh catchment area is 

overgrown with forests that are hundreds of years old and 

act as a canopy or shade for the plants and communities 

below them. It is based on the term canopy itself which is 

applied to the outer layer of the leaves of a tree or individual 

trees. Shade trees usually have a solid canopy that prevents 

sunlight and rain from reaching the lower plants or ground 

level. This causes most of the rainwater of much or little 

capacity during the monsoon season and the drought brings 

along with the 7Be concentration content prevented its 

penetration into the soil surface. 

. 
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Figure 8. The depth increment (cm) versus land uses in two 

seasons 

 

 

Figure 9. ho ( kgm-2)value versus land uses in two seasons 

 

Depth increment has also played an important role in 

determining ho values for this study. Based on Table 1 again, 

the second highest depth increment has given the highest ho 

impact value for a wet season at sugar cane land use. However, 

it does not occur in the rubber tree land use during the dry 

season, where ho value contributes 5.12 kgm-2, from the highest 

depth increment of 2.8 cm.Most likely at this point, the 

frequent rains that fall during this wet season contain the 

higher concentration of 7Be . This condition may cause the 

soil surface to be more saturated with Be2+ cation and a 

strong gravitational allowing more 7Be concentration 

penetration deeper exponentially with depth and vice versa 

does not occur during the dry season. Thus, the short half-

life of 7Be should be taken into account as well and is 

necessarily limit any possible increase penetration during 

the short and long period of rainfall occurred. 

 

IV. CONCLUSION 
 

As a conclusion, the 7Be depth distribution from this study 

area was decreased exponential with depth and limited in 

the top few centimetres and not much different from other 

works as previously reported by other scientists. Meanwhile, 

this study also found that the h0 value and depth increment 

are not affected by both seasons during the study period. 

Consequently, the h0 value from this study is slightly higher 

compared to Valdivia, Chile and other studies have been 

conducted by researchers in Brazil (Walling & Collins, 

2008). However, more extensive studies such as the 

addition of research areas should be carried out to obtain 

analytical data that can be used as future comparative data. 

 

V.  ACKNOWLEDGEMENT 
 

The authors would like to thank the staff of the 

Radiochemistry and Environment Group (RAS) who 

worked hard to assist in the work of sampling, preparation, 

processing and analysis of all samples until the project was 

completed successfully according to the schedule provided 

by the sponsors. 

 

 

 

 

 

VI. REFERENCES 

Benitez-Nelson, CR & Buesseler, KQ 1999, ‘Phosphorus 32, 

phosphorus 37, beryllium 7, and lead 210: Atmospheric 

fluxes and utility in tracing stratosphere troposphere 

exchange’, Journal of Geophysical Research-Atmospheres, 

vol. 104(D9), pp. 11745-11754. 

Blake, WH, Walling, DE & He, Q 1999, ‘Fallout beryllium-7 as 

a tracer in soil erosion investigations’, Appl. Radiat. Isot, vol. 

51, pp. 599–605. 

Blake, WH 2000, ‘The use of 7Be as a tracer in sediment 

budget investigations’, Geography Department, University 

0

0.5

1

1.5

2

2.5

3

Sugar
cane

Rubber
tree

Forest Mixed
crop

D
e

p
th

 in
cr

e
m

e
n

t 
(c

m
)

Land use

The depth increment (cm ) versus land 
use

0

1

2

3

4

5

6

Sugar
cane

Rubber
tree

Forest Mixed
crop

h
o

va
lu

e

land use

ho value versus land use 

Dry
seas…



ASM Science Journal, Volume 16, Special Issue 1, 2021 for SCIEMATHIC2019  

186 

of Exeter.  

Bonniwell, EC, Matisoff, G & Whiting, PJ 1999, ‘Determining 

the times and distances of particle transit in a mountain 

stream using fallout radionuclides’, Geomorphology, vol. 27, 

pp. 75–92. 

Brown, L, Stensland, GJ, Klein, J & Middleton, R 1989, 

‘Atmospheric deposition of 7Be and 10Be’, Geochim. et 

Cosmochim, Acta, vol. 53, pp. 135. 

General Climate Information 2001, Malaysia Meteorological 

Department, archived from the original on 2011. 

Hawley, N, Robbins, JA & Eadie BJ 1986, ‘The partitioning of 

7-beryllium in fresh water’, Geochim. Cosmochim. Acta, vol. 

50, pp. 1127–1131. 

Kaste, JM, Norton, SA & Hess, CT 2002, ‘Environmental 

chemistry of beryllium-7’, Rev. Mineral. Geochem, vol. 50, 

pp. 271–289. 

Kaste, JM, Norton, SA & Hess, CT 2002a, ‘Environmental 

chemistry of beryllium-7’, Rev. Mineral. Geochem, vol. 50, 

pp. 271–289. 

Lal, D & Peters, B 1967, ‘Cosmic ray produced radioactivity 

on the Earth’, Handbuch der Physik BXLVI, Springer 

Verlag, Berlin/Heidelberg/New York, pp. 551–612. 

Lal, D & Suess, HE 1968, ‘The radioactivity of the atmosphere 

and hydrosphere’, Annu. Rev. Nucl. Sci, vol. 18, pp. 407–

434. 

Magilligan, FJ, Haynie, HJ& Nislow, KH 2008, ‘Channel 

adjustments to dams in the Connecticut River basin: 

implications for forested mesic watersheds’, Annals 

Association American Geographers, vol. 98, no. 2, pp. 267–

284. 

Matisoff, G, Bonniwell, EC & Whiting, PJ 2002a, ‘Soil erosion 

and sediment sources in an Ohio watershed using 

beryllium-7, cesium-137, and lead-210’, J. Environ. Qual, 

vol. 31, pp. 54–61.  

Robbins, RA 1978, ‘Geochemical and geophysical application 

of radioactive lead’, in The Biogeochemistry of Lead in the 

Environment (ed. by J. O. Nriagu), pp. 286–383, Elsevier, 

Amsterdam, the Netherlands. 

Wallbrink & Murray 1996,‘Distribution and variability of 7Be 

in soils under different surface cover conditions and its 

potential for describing soil redistribution processes’, in 

Water Resources Research, vol. 32, no. 2, pp. 467-476.  

Walling, DE & Quine, TA1990,‘Calibration of caesium-

137measurements to provide quantitative erosion rate data’, 

Land Degradation and Rehabilitation,vol. 2, pp. 161-175. 

Walling et al 2002, Conversion models for use in soil-erosion, 

soil-redistribution and sedimentation investigationsF. 

Zapata (Ed.), Handbook for the Assessment of Soil Erosion 

and Sedimentation Using Environmental Radionuclides, 

Kluwer, Dordrecht, Netherlands, pp. 111-164. 

Wallbrink & Murray 1996, ‘Distribution and variability of 7Be 

in soils under different surface cover conditions and its 

potential for describing soil redistribution processes’,  in 

Water Resources Research, vol. 32, no. 2, pp. 467-476.  

Walling, DE & He, Q 1999, ‘Improved models for estimating 

soil erosion rates from cesium-137 measurements’, Journal 

of EnvironmentalQuality, vol. 28, pp. 611-622. 

Walling, DE & Collins, Al2008,‘The catchmentsediment 

budget as a management tool’, Environmental Science and 

Policy,vol. 11, pp. 136-143. 

Wan Ruslan Ismail & Ku A’edah Ku Hashim 2004, 

‘Longitudinal variation of water quality in Sungai Jarum 

catchment - linking ecology with hydrology for  reservoir 

management’, Malaysian Journal of Environmental 

Management, vol. 5, pp. 45 – 54. 

Zhang et al 1990, ‘Effect of soil erosion on soil properties and 

crop yields on slopes in the Sichuan Basin, China’, 

Pedosphere Pedosphere, vol. 20, no. 6, December 2010, pp. 

736-746. 

 

https://web.archive.org/web/20110722234125/http:/www.met.gov.my/index.php?option=com_content&task=view&id=30&Itemid=1090
http://www.met.gov.my/index.php?option=com_content&task=view&id=30&Itemid=1090
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6VB2-4D98XCK-1&_user=122866&_coverDate=01%2F01%2F2005&_alid=1152797011&_rdoc=2&_fmt=high&_orig=search&_cdi=5914&_sort=r&_st=4&_docanchor=&_ct=1458&_acct=C000010082&_version=1&_urlVersion=0&_userid=122866&md5=00ff16e7137542f84086d1d5ab0de21f#bbib9#bbib9
https://www.researchgate.net/journal/0043-1397_Water_Resources_Research
https://www.researchgate.net/journal/0043-1397_Water_Resources_Research
https://www.sciencedirect.com/science/journal/10020160
https://www.sciencedirect.com/science/journal/10020160/20/6

