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A B S T R A C T

Tasck Bcra is the largest natural lake system (60 ha) in Malaysia located in southwest Pahang. The lake is a 
complex dendritic system consisting of extensive peat-swamp forests. The catchment was originally lowland 
dipterocarp forest, but this has nearly over the past four decades been largely replaced with oil palm and rubber 
plantations developed by the Federal Land Development Authority (FELDA). Besides the environmentally 
importance of Tasek Bera, it is seriously subjected to erosion, sedimentation and morphological changes. 
Knowledge and information of accurate sedimentation rate and its causes are o f utmost importance for appropriate 
management o f lakes and future planning. In the present study, environmental 21uPb (natural) dating technique was 
applied to determine sedimentation rate and pattern as well as the chronology of sediment deposit in Tasek Bcra 
Lake. Three undisturbed core samples from different locations at the main entry and exit points o f river mouth and 
in open water within the lake were collected during a field sampling campaign in October 2009 and analyzed for 
:l0Pb using gamma spectrometry method. Undisturbed sediments arc classified as organic soils to peat with clayey 
texture that com posed o f 93% clay, 5% silt, and 2%  very fine sand. Comparatively higher sedimentation rates in the 
entry (0.06-1.58 cm/yr) and exit (0.05-1.55 cm/yr) points o f  the main river mouth as compared to the lake’s open 
water (0.02- 0.74 cm/yr) were noticed. Reasons for the different pattern o f sedimentation rates in this lake and 
conclusion arc discussed in this paper.
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A B S T R A K

Tasek Bera adalah tasek semula ja d i yang terbesar (60 ha) di M alaysia terletak di barat daya Negeri Pahang. Tasek 
ini merupakan satu sistem dendritik yang agak komplek dan majoritinya terdiri daripada hutan pay a gamhut. 
Kawasan tadahan pula pada asalnya diliputi hutan dipterokarp tanah rendah tetapi sejak hampir empat dekad yang 
lalu kawasan tadahan ini telah banyak dibangunkan dan ditanam dengan pokok kelapa sawit dan getah oleh 
FELDA. Disamping bersifat keunikan dan mempunyai berbagai habitat bagi kepentingan alam semulajadi, Tasek 
Bera juga  terdedah kepada ancaman hakisan, pemendapan (sedimentasi) dan perubahun morf'ologi sekitaran. 
Justeru, pengetahuan /  maklumat mengenai kadar sedimentasi dan mengetahui puncanya dengan tepat adalah 
sangat mustahak kepada pihak berkuasa terutamanya dalam aspek pengurusan dan perancangan masa depan serta 
kelestarian tasek ini. Dalam kajian ini, teknik pentarikhan radioisotop semulajadi ‘ °Pb digunakan bagi 
menentukan kadar dan pola  sedimentasi serta kronologi turns sedimen yang terdapat dalam Tasek Bera. Sebanyak 
tiga turns sedimen (tak terganggu) dalam lingkungan tasek ini telah di perolehi dari berbagai lokasi mewakili 
laluan masuk dan keluar aliran sungal utama dan “open water". Contoh-contoh sedimen tersebut telah dikutip di 
kawasan berkenaan pada akhir tahun 2009 dan kandungan 21 Pb dalam lapisan turns sedimen dianalisis 
menggunakan kaedah spekrometer gama. Sedimen yang di perolehi diklasifikasikan mempunyai kandungan organik 
dan gambut dengan diliputi tekstur lempung iaitu terdiri daripada 93% (lempung), 5% (lodak) dan 2% (pasir 
halus). Secara keseluruhan nya di dapati kadar sedimentasi adalah lebih tinggi di lokasi laluan masuk (0.06-1.58 
cm/yr) dan laluan keluar (0.05-1.55 cm/yr) sungai utama yang mengairi tasek ini dibandingkan dengan kawasan
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"open-water" (0.02-0.74 cm/yr ) iaitu bahagian laluan terbuka tasek. Beberapa alasan yang menyebabkan wujud 
nya perbezaan pola kadar sedimentasi di Tasek Bera dibincangkan dalam kertas kerja ini.

INTRODUCTION

Investigating the process o f sedimentation in water reservoirs is very significant as the sedimentation rate is one of 
the most important parameters o f lake’s dynamics. The accurate sedimentation rate is o f vital importance not only 
for estimating the useful life o f  the lake but also to prepare strategies for management and conservation o f the lakes. 
Tasek Bcra is the largest natural lake system (60 ha) in M alaysia located in southwest Pahang and has been included 
in the Ram sar Convention for wetlands. The lake is a complex dendritic system consisting o f extensive peat-swamp 
forests and network of flowing channels and scattered small open waters. The catchment was originally lowland 
dipterocarp forest, but nearly the past four decades this has been largely replaced with oil palm  and rubber 
plantations developed by the Federal I .and Development Authority (FELDA). Its catchment is located between 
2°54'-3°09,30',N latitudes and 102o30'-102°47'51"E longitudes and about 30 m above sea level (see F ig .l). Tasek 
B era’s sedimentary processes are controlling by inncr-basin and outside-basin factors which the most important are 
land using, lithology o f  geological formations, topographic situation and drainage pattern. Besides the 
environmentally importance o f Tasek Bera, it is seriously subjected to erosion, sedimentation and morphological 
changes. Application o f radiometric methods to sedimentary chronology in lake and reservoir are regarded as the 
most reliable technique for estimating sedimentation rates and has enjoyed considerable success (Krishnaswami et. 
al., 1971; Eakins, 1983; Schell and Nevissi, 1983; W alling and He, 1993). The radiometric method described is 
referred to the measurem ent and interpretation of naturally occurring radionuclide 2 °Pb profile and fallout 
radionuclide of particularly 137Cs in sediment cores (Saravana Kumar, et.al., 1999). However, theoretical basis for 
the use of this method which has been described in detail many limes (Robbins and Edgington, 1975; Oldfield and 
Appleby, 1984; Krisnaswamy and Lai, 1978; Appleby, 2001) will not be the subject o f consideration here. In this 
preliminary study, environmental 21t)Pb (natural) dating technique which is becoming increasingly popular was only 
applied to determine sedimentation rate and pattern as well as the chronology of sediment deposit in Tasek Bera. 
The study is part o f the main research on the sedimentation, erosion and hydrological processes in Tasek Bera 
catchm ent area where estimation of the sedimentation rate and deposition pattern in the lake are one of the main 
issues discussed. The aim o f this paper is the determination of the variability o f sedimentation rate (cm y '1) in three 
cores and chronology o f sediments deposition (age and date) within the morphologically complex lake (Tasek Bera). 
Discussion o f its possible reasons is included in this paper.

Figure 1: Map showing the location of Tasck Bcra, Pahang, Malaysia
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M ATERIALS AND EXPERIM ENTAL METHOD

Sam pling and  laboratory analysis

Tn this study, three undisturbed sediment core samples were obtained during a field sampling campaign in October 
2009 from different locations at the main entry and exit points o f river mouth and in open water o f  the lake as shown 
in the Fig.2. The coordinates o f sampling locations and their reference areas by the local names are given in Table 1. 
The cores were obtained by using prc-cleaned PVC core tubes (diameter 4.8 cm and length o f 80 cm) inserting into 
the bottom o f the lake (sediment bed). The tubes were immediately sealed at both ends with plastic sheets. With the 
help o f a long hydraulic jack like plunger, the obtained sediment cores were extruded vertically and sliced at 2  cm 
thickness intervals, then put into special containers. Physical characteristics (textural composition) o f the sliced core 
samples were examined prior to drying process o f the samples in the oven. In the laboratory, the sliced core samples 
were weighed and dried in an oven at 60"C until constant weight. Having dried the core samples completely, the 
water contents, porosities (both expressed in %) and bulk densities o f these samples were calculated. Subsequently, 
these sediment samples were then pulverized and sieved to achieve a constant particle size and put into the special 
plastic vials ( 6  ml capacity) prior to radiomctric Pb-210 analysis.

Table 1: Core sampling location

Sampling site Name of core local referenced name Northing
(N)

Easting
(E)

Core range

Site#l l stCore Sg.Kclantong (Kg.Pathir,Jetty) 3° 8’ 34” 102" 36’ 10” 54 cm

Site#2 2ndCore Sg. M ikok 3° T  19” 102" 36’ 20” 60 cm
vSitc#4 4mCore Persona- middle Open water 3° T  50” 102° 36’ 25” 36 cm

Figure 2: Map of Tasek Bera showing sediment core sampling locations ( l slcorc, 2nd core and 4'h core)
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Pb D ating Technique

The210Pb dating technique was first applied to lake sediments by Krishnaswamy et al. (1971). This technique is 
based on the principle o f  radioactive decay. The half-life o f 2,0Pb which is 22.26 years generally limits its use for 
dating purposes to not more than 150 years (Me Caffrcy & Thompson, 1980). “lcPb which is both produced in the 
atmosphere and in sediment or soil particles enters a lake or reservoir either directly as rain or indirectly in runoff 
from the catchment. Figure 3 shows the various routes o f entry of 2mPb to a freshwater body like lake or reservoir.
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Figure 3: Pathways by which 2l0Pb reaches sediments in lakes or reservoirs

210Pb is a natural product o f  the 238U decay series and is derived from  the decay of gaseous 2~2Rn, the daughter of 
226Ra. See Figure 4.
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Figure 4: M ajor decay products of Uranium-238

226'^Ra occurs naturally in soils and rocks and will generate Pb which will be in equilibrium with its parent (Zapata 
and Agudo, 2000). On the other hand, 222Rn gas produced from the decay o f 226Ra can diffuse and produce 2!UPb 
into the atmosphere. As fallout radionuclide 210Pb is rapidly and strongly adsorbed to the soil surface and is 
horizontally redistributed within sediments, it has no effect on core chronology (Zapata, 2003). The total ' Pb 
activity that is present in the sediment has two components: Suppported 210Pb. is that component o f the activity 
which derives from in situ decay of the parent isotope 22!SRa within individual soil and rock particles. It is transported 
into the lake in particulate form  as part o f the erosive input catchment. The second component, called unsupported  
21lP b  or excess 210Pb is a major part that is adsorbed on to the particulate matter. The exponential decrease of the

be used to estimate sediment- accumulation rate (Robbins, 1978). Theaccumulated unsupported 21ftPb
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unsupported 210Pb activity o f  cach segment o f the sediment core is derived by subtracting the value o f 22<sR a activity 
from  Lhe total 21uPb activity o f the same segment. The required measurements o f 210Pb and 226Ra activity can be 
made conveniently by direct gamma spectrometry' using low-energy, low background HPGe detector or indirectly by 
alpha spectrometry via its grand-daughtcr 210Po (Moungsrijun, et al., 2010; Eakins, 1983). The activity o f 210Pb in 
sediment samples from the study site was measured using a gamma spectrometry at the Radio-Analytical 
Laboratory, M alaysian Nuclear Agency.

The 2 °Pb dating depends on the accurate determination o f unsupported ‘"Pb activity at different core depths. The 
~iriPb-based chronologies and sediment supply mechanisms can be assessed by applying one o f the three commonly 
used models namely CFCS (Constant flux-constant sedimentation), CRS (constant rate o f supply) and CIC (constant 
initial concentration). In this study, we applied the CRS model to estimate the sedimentation rale which is based on 
the assumptions that unsupported ' ulPb is supplied at a constant rate (i.e., atmospherically derived) to sediments 
through time, the initial ii0Pb activity or concentration in the sediment is variable and the influx rate o f sediment is 
also variable (Goldberg, 1963; Appleby and Oldfield, 1978). At any depth (x) within the sediment column, the 
activity of unsupported 210Pb is related by the law o f radioactive decay;

Ax = Ao exp (-Xt) -  A,  exp (-Xx/S)................................ (1)

Where: Ax =  activity of unsupported ~ll}Pb in the sediment column beneath depth x ,

A 0 = entire activity o f unsupported 21 "Pb in the sediment column

X = radioactive decay constant o f 21uPb (ln2/t] /2 =0.03114 /yr)

x =  related depth within a sediment column (cm)

S = Sediment-accumulation rate (g/cm 2/yr) a t time t

ti/2 = half-life o f il0Pb = 22.26 yrs

From this equation, the age of sediment at depth x (or date o f formation at cach related segment) is given by 
(Appleby & Oldfield, 1978);

1 , A .
t = — log(— ) ..................................................................(2)

A At

RESULTS AND DISCUSSION

(i) General features about the undisturbed sediment core samples taken from the study site are shown in 
Figure 5. All samples showed almost same sediment profile in which the first 20-25 cm at uppermost layer is 
composed o f organic reach clayey texture and below that o f less than 25 cm o f white fine sediment and grey muddy 
tcxuire. Undisturbed sediments are classified as organic soils to peat with clayey texture that composed o f  93% clay, 
5% silt, and 2% very fine sand. Porosity content o f  uppermost layers is obtained within 91-97% or classified as high 
saturated sediments. The maximum wet bulk densities observed are 2.06, 1.86, and 1.45 g/cm for l*1, 2 , and 4Lh 
core respectively. The bulk density o f  sediment depends greatly on the mineral make up o f sediment and the degree 
o f  compaction.
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Figure 5: Typical features of sediment core profiles from the three locations taken in Tasek Bera

(ii) Profiles o f unsupported 2L0Pb activities calculated in  representative sediment cores m ight yield information on 
sedimentation rates (cm/yr) and sedimentary chronologies (date o f deposition) as shown in Figure 6 . Obviously, 
variations in 21uPb observed at different sites in the lake may be attributable to the change of sedimentation rates o f 
varying intensities with dissimilar histories o f deposition under certain probable events. The variability o f  mean 
values and range o f  sedimentation rates from the entry and exit points o f the lake’s main water flow (south to north) 
in the related tributaries are found inconsiderable or more lo less similar but somewhat higher compared to the value 
of sedimentation rate in the lake’s open water. The mean values and range of sedimentation rates calculated using 
210Pb dating technique (both in linear and mass units) are presented in Table 2.

Table 2: Mean and range o f sedimentation rates in three sediment cores taken from different parts o f the lake

Sediment Core Range o f sedimentation 
rate (cm/yr)

Mean sedimentation 
rate (cm/yr)

M ean Sediment- 
accumulalion rate 
(g/cm 2/yr)

Core #1 (site #1 - north) 0 .0 5 -1 .5 5 0 . 2 2  ±0.08 0.17±0.04
Core #2 (site #2-south) 0 .0 6 -1 .5 8 0.35 ±0.17 0.26±0.09
Core #4 (site#4-open water) 0.02 -  0.74 0.18 ±0.05 0.15±0.03

In the middle of open water the mean rate o f  sedimentation (0.18 cm/yr or 0.15 g/cm 2/yr) is comparatively lower 
probably due to  the factor o f increasing water inflow-velocity during the sedimentary processes or decreasing 
intensity o f sediment focusing in the area such as on the steep slope of bottom lake morphology. On the other hand, 
maximum rate o f sedimentation (mean) in this lake is found at the entry point o f the reservoir (0.35 cm/yr or 0.26 
g/cm 2/yr) representing inflow from  main tributaries o f  certain sub-catchments in the south. Overall, increased 
supply-rate and character o f accumulated sediments observed in certain sections (core profile) o f  the lake are due to 
or conditioned by various factors of natural and anthropogenic activities with different intensities carried out in the 
catchment. Tt seems that since 1970, lots o f environmental changes had occurred in the catchment areas after 
Federal land development authority (FELDA) had implemented a series o f  natural rainforest clearance operations 
and rapid development associated with rapid changes in land use at different times to replace original forest with 
rubber and Oil palm  plantations (see Figure 7). Changes in land use have social and economic as well as strictly
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environmental impacts (Henson, 1994). Wc believe that such activities might have accelerated the erosion and 
created significant sediment-water exchanges and provided input o f  sediment distribution including other 
contamination sources from  the developed upland-catchment areas. Considerable differences in actual 
sedimentation rates as observed like abrupt increased o f several “sedimentation peaks” from its lower value of 
original sedimentation-rate pattern can be seen in Figure 6 . It is clear that prominent sedimentation peaks observed 
in Figure 6  (a, b, and c) are susceptible to deposited sources o f sediment in the lake due to various multidisciplinary 
project activities by FELDA. However, it is quite difficult based on this preliminary study (i.e., limited number of 
core sampling locations and evaluation o f sediment’s physical properties, as well as unfurnished data on CIS 
information o f the catchment, etc) to distinguish exactly which probable chronological events o f anthropogenic 
activities in the past few decades during FELDA’s series o f land /forest clearance operations are dominating the 
sediment depositional zones in the lake’s catchment. It is likely that sources o f sediments from the main developed 
forest clearance upland at different times within 1981-1987 in the NW (Tembangua area) and NE (Bcra Selatan 
area) part o f catchmcnt areas that are quite close to Tasek Bera Ramsar Site have caused significant increase in 
sediment depositional pattern. There are also quite prominent resemblance sedimentation peaks occurred in 1977 
and 2000 observed in core #2 which could be associated with big flood events. Despite land clearance activities and 
other land development schemes by FELDA, such big flood events in the sub-catchments also contribute higher 
sedimentation rates in the lake’s system due to lots o f silt deposition downstream.
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Figure 6 ; Graph o f sedimentation rate vs. sediment core depth and chronology of deposition from Tasck Bera.

Considering an average depth of 2.5 m  for the lake and taking the worst case scenario of linear trend o f high supply 
sedimentation rate calculated for the last 20 years (max. range 1.58 cm/yr) being uniformly distributed within the 
lake as a result o f  increasing anthropogenic activities like massive deforestations and frequent flood events in the 
watershed nearby the Tasek Bera Ramsar Site, then it could be estimated that the hike will possibly disappear in 158 
years. In general, lake may be regarded as a sink for direct conditions of sediment sources deposition and allowing 
certain retention times for sediments to move to other parts within the lake and downstream area.
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Figure 7: Map o f development areas by FELD A in Tasek B era’s catchment (after JUPEM, 1987)

CONCLUSION

It can be concludcd that 210Pb chronological dating is a unique method for determining sedimentation rates and 
deposition pattern in Tasek Bera. M ost o f the preliminary conclusions are based on the limited number of cores 
analysed to date. A  slightly non -uniform  sedimentation rates at sites# l, #2, and #4 in the lake probably indicates 
that the lake has different deposition zones, with comparatively higher sedimentation rales at the entry (0.06 -  1.58 
cm/yr) and exit (0.05 -  1.55 cm/yr) points o f the reservoir than in the middle of the open’s reservoir water (0.02 -
0.74 cm/yr). The variation in  sedimentation rate may be due to different types o f anthropogenic activities carried 
out with different intensities in the lake catchments. Some o f the “prominent peaks” observed in the chronologies of 
2l!)Pb deposition pattern are susceptible to various multidisciplinary project activities run by FELDA and two big 
flood events occurred in the catchment area. Hence, knowledge o f accurate sedimentation rate and its causes are o f  
utmost important and great concern to the related authorities in preparing strategies for appropriate management and 
conservation o f the lake.

It is evident from the preliminary findings that a long-term study is needed to find an effective understanding and 
solution following a large-scale switch in land use pattern from forest to oil palm  as well as rubber cultivation (loss 
o f rain forest) in the catchment area.
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