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5. CHAPTER V: SEDIMENTATION RATE IN BERA LAKE 

5.1. Introduction 

Determination of sedimentation rate in Bera Lake is the most important objectives 

of the present study. The main aims of this research are therefore, to estimate the historical 

changes of sedimentation rates at Bera Lake and to correlate dated layers to land 

development projects which were carried out in the catchment area. Section 3-5-1 has 

explained the method of 
210

Pb and 
137

Cs activity analysis, geochronology, and  and 

sedimentation rates. Stratigraphic dates based on 
317

Cs horizons in ten studied cores 

marked a constant rate of 
210

Pb supply especially along four distinct layers. The Lithology 

of layers, however, affected variation 
210

Pb values with depth. Lithological change in four 

distinct layers created hiatus or severe dilution on 
210

Pb content. The Bera Lake sediment 

chronology was determined using the CRS models. Assumptions for application of CIC 

model were not met in this study.  As extreme mixing was recognized at the top of the 

sediment column in Core 10, it had to be discarded in the interpretation of sedimentation 

rate. 

5.2. 210
Pb and 

137
Cs Inventories and 

210
Pb Flux  

Calculation of inventory and flux of fallout radionuclide 
210

Pb is based on 

equations 2 and 3 in Section 3.5.1.1. The mean maximum and minimum 
210

Pb inventories 

at Bera Lake were 5112±70 and 1440±41 Bq m
-2

, respectively (Table 5.1). The estimated 

value of the 
210

Pb flux along the mainstream of Bera Lake is 90±5 Bq m
-2

 y
-1

. An increase 

in 
210

Pb flux of 159±2 Bq m
-2

 y
-1

 is observed towards the edge of the lake due to divergent 

currents which release sediments in a semi closed area (Fig. 5.1). In other words, 

morphological shape and stream pattern are controlling 
210

Pb distribution at the Bera Lake. 
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Previous studies (Neergaard et al., 2008; Othman et al., 2003; Barokah et al., 2001; 

Moungsrijun et al., 2010) which were carried out in Malaysia, Thailand and Indonesia 

highlighted the low activity of 
137

Cs (<400 Bq m
-2

) which is in accordance with 
137

Cs 

activity in tropical Australia. They stressed also the ability of 
137

Cs for soil redistribution 

studies and as a time confirmation marker in sedimentation studies in tropical areas. The 

expected low activity of 
137

Cs in Malaysia thus anticipated in this study. 
137

Cs activities in 

sediment column can be divided into two distinctive categories. The first involves known 

137
Cs horizons (1954, 1963, and 1986) while the second category implied reworked and 

erosion-induced 
137

Cs from catchment area. Although 
137

Cs showed peaks in studied cores 

coincide with Chernobyl accident in 1986, scientific reports to verify its fallout in 

Malaysia are not available.  

Table 5.1: 
210

Pb inventory and flux in sediments cores 

Core Pb210 Inventory Pb210 Flux

No. Bq m-2 Bq m-2 y-1

1 2245.87±81 69.64±3

2 2898.00±162 90.24±5

3 3054.40±51 95.11±2

4 3657.35±128 113.90±4

5 3228.00±113 100.52±3

6 2920.47±72 90.94±2

7 2496.00±61 77.41±2

8 1440.28±41 44.85±1

9 5129.01±70 159.71±2  
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Figure 5.1: Annual flux and distribution of 
210

Pb in Bera Lake 

5.3. Sedimentation Rate at the South of Bera Lake 

Unsupported 
210

Pb inventory and its variation with depth and sedimentation rate at 

the south of Bera Lake were studied in Cores 2, 3, and 7. The 
226

Ra activity gained a mean 

value of 38±6.5 Bq kg
-1

 in the studied cores. Equilibrium of total 
210

Pb activity with the 

supporting 
226

Ra obtained at depth of 60 cm in master Core 2. The maximum unsupported 

210
Pb concentrations obtained were between 60.45±11, 40.50±11, and 38.20±16 Bq kg

-1
 in 

Core 2, 3, and 7, respectively. On the other hand, the lowest unsupported 
210

Pb values in 
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Cores 2, 3, and 7 were 2±9, 2±9, and 0.5±11Bq kg
-1

. The unsupported 
210

Pb variation 

versus depth (Figs. 5.2, 5.3, and 5.4) revealed a clear lithological dependence of 
210

Pb 

activity in Bera Lake sediment. The unsupported 
210

Pb values decreased with a number of 

minor irregularities in separate layers.  The deeper zones (Layers 2 and 1) depict an 

exponential variation of unsupported 
210

Pb with depth in Cores 2 and 7. However, an 

exponential decreasing in 
210

Pb value were observed in the uppermost layer of Cores 2 and 

3 until depth 30 cm. Sediment mixing appeared from depths of 0-2 cm in Cores 2 and 7, 

probably because of bioturbation.  

A northward increase in the mean sedimentation rate was observed at the south of 

Bera Lake, with accumulation rates of 0.24±0.32, 0.27±0.25 and 0.47±0.54 g cm
-2

 y
-1

 at 

Cores 2, 3 and 7, respectively. These were much higher compared to the pre-1950 

sedimentation means of 0.06±0.02, 0.07±0.07 and 0.21±0.21 g cm
-2

 y
-1

 at core 2, 3 and 7.  

Layer 2 which composed of grey to dark grey sandy mud experienced several 

sediment fluxes since 1950 to 1970. Two sediment flux events were recorded at Core 7 in 

which sedimentation rate increased significantly to 1.88 and 2.39 g cm
-2

 y
-1

 in 1952 and 

1963, respectively. Similarly, at Core 3 three peaks in sedimentation rates were observed 

0.48, 0.64, 0.43 g cm
-2

 y
-1

 in 1950, 1957, and 1962, respectively.  

Bera Lake experienced a remarkable accumulation of terrestrial sediments during 

Layer 3 deposition with mean rates of 0.48±0.48, 0.39±0.13, and 0.41±0.29 g cm
-2

 yr
-1 

at 

Cores 2, 3, and 7, respectively.  Five FELDA land development projects mark sediment 

fluxes with rates of 0.43, 0.12, 0.17, 0.34, 0.82 g cm
-2

 yr
-1

, respectively at Core 7. General 

upward growth of sedimentation rate in Layer 3, decreased gradually in 1996 with a rate of 

0.51 g cm
-2

 yr
-1 

when deforestation prohibition rule has established in 1994. Similar 
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upward increase in sedimentation rate from the first to forth FELDA land projects was 

recorded at Core 3 in which sediment flux varies between 0.29 to 1.18 g cm
-2

 yr
-1

. At the 

beginning of the south of Bera Lake (Core 2) similar trend of sediment fluxes were 

detected. From the first to fifth FELDA projects, sedimentation rates vary between 1 to 

1.18 g cm
-2

 yr
-1

. This process continued with a mean rate of 0.22±0.1 g cm
-2

 y
-1

 at the 

uppermost layer of Bera Lake sediment column. The mean accumulation rate for layer 4 at 

Cores 3 and 7 were 0.27±0.34 and 0.29±0.24 g cm
-2

 y
-1

. Lithological descriptions suggest 

that the contribution of land clearing projects were slightly extended in Layer 4. Their 

effects were observed in 1996 at Core 2 and 1998 at Core 7 with the rates of 0.35 and 0.62 

g cm
-2

 y
-1

. Another vivid organic-rich sediment flux recorded at both Cores 2 and 7 in 2001 

with rates of 0.14 and 0.67 g cm
-2

 y
-1

, respectively.  A clear sediment flux with rates of 

0.32 and 0.17 g cm
-2

 y
-1 

in cores 2 and 7 were recorded at depths of 2 to 4 cm and mark a 

great flood in December, 2007. 
210

Pb dates using CRS model and peaks in reworked 
137

Cs 

was in good agreement with FELDA land development dates and natural events 

particularly in layer 3 and 4.  

137
Cs showed well-resolved peaks at depths of 39 and 37 cm at Core 2 which is in 

agreement with 
210

Pb dating using CRS model. An inventory of 8.38 Bq m
-2

 marked the 

first appearance of 
137

Cs in 1954 at the south of Bera Lake sediment column (Fig. 4.43).  

Another remarkable 
137

Cs peak with an inventory of 10.66 Bq m
-2

 was observed at depths 

of 39 cm which is in agreement with the 1963 maximum 
137

Cs fallout because of 

atmospheric atomic bomb testing. Difference in bed morphology caused in deeper depths 

of 1954 and 1963 
137

Cs horizons in cores 3 and 7. Once again, northward increasing in 

sedimentation rate at the south of Bera Lake has revealed based on stratigraphic dates of 
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137
Cs radionuclide. For instance, in Core 7, 

317
Cs peaks of the first appearance and the 

1963 maximum fallout calculated to be 23.32 and 15.06 Bq m
-2

, showing greater 

inventories than Core 2. Another considerable 
137

Cs peak appeared at depths of 30 and 36 

cm (Fig 5.3 and 5.4), with 13.34 and 21.52 Bq m
-2 

inventories
 
in cores 2 and 3, probably 

indicating 
137

Cs fallout in 1986 due to Chernobyl accident. 

In addition, 
137

Cs peaks reflected natural events in the study area. For instance, 

Layer 5 is an indicator of a huge flood taht occurred in 2007, highlighted properly by peaks 

at depths of 3 to 6 cm and 
137

Cs inventory of 37.25 and 15.37 Bq m
-2

 at cores 2 and 7, 

respectively. As a result, 
137

Cs horizons expressed the ability of CRS model in chronology 

of Bera Lake sediment. The mean sedimentation rates based on stratigraphic depths of 

137
Cs horizons at Bera Lake sediment column were 0.7, 1 and 1.12 cm y

-1
 at Cores 2, 3 and 

7, respectively. These results are in agreement with the mean sedimentation rate calculated 

by a slope regression model in Cores 2 and 3 (Fig. 5.5).  

 

Figure 5.2: Geochronology of sediment Core 2, using 
210

Pb dates and CRS model 
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Figure 5.3: Geochronology of sediment Core 7, using 
210

Pb dates and CRS model 

 

Figure 5.4: Geochronology of sediment Core 3, using 
210

Pb dates and CRS model 
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Figure 5.5: Mean sedimentation rates at Cores 2 and 3 using slope regression model 

5.4. Sedimentation Rate at the Middle of Bera Lake 

Sedimentation status at the middle of Bera Lake was investigated in Cores 6, 4, and 

8. Detailed unsupported 
210

Pb and 
137

Cs inventories and their variation with depth and 

sedimentation rate were analyzed in master Core 8. The 
226

Ra activity gained a mean value 

of 40.4±7.5 Bq kg
-1 

in the studied cores. Equilibrium of total 
210

Pb activity with the 

supporting 
226

Ra calculated at a depth of 70 cm. The unsupported 
210

Pb concentration at 

north and east of Bera Lake main open water ranged between 0.2±8 and 18.78±18 Bq kg
-1 

(Fig. 5.6), while at the deepest part; it varied between 1±10 and 95.35±19 Bq kg
-1

 in Core 

6 (Fig. 5.7). The results once again emphasized lithological effects on unsupported 
210

Pb 
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distribution with depth at the middle of Bera Lake. The unsupported 
210

Pb values 

decreased steeply with a few irregularities until lower contacts of layers. An exponential 

variation of unsupported 
210

Pb with depth appeared at uppermost layer of Core 6. The 

unsupported 
210

Pb activity showed a peak slightly below the sediment surface at Core 8. 

This peak may be caused by steep redox gradients across the uppermost few centimeters of 

sediment.  

A northward decrease in the mean sedimentation rate was recognized at the middle 

of Bera Lake, with deposition rates of 0.4±0.59, 0.35±0.75, and 0.13±0.16 g cm
-2

 y
-1

 at 

cores 6, 8, and 4, respectively. The mean accumulation rates prior to 1950 were 0.05±0.01 

and 0.16±0.16 g cm
-2

 y
-1

 at Core 6 and Core 8. As a result, sediment flux and 

sedimentation rate at the south and along the main axes of Bera Lake show similar values 

with the pre-development period. The grey to dark grey sandy mud (Layer 2) was 

deposited from 1950 to 1970 with mean rates of 0.12±0.11, 0.44±0.62 at cores 8 and 6, 

respectively. Two remarkable fluxes of sediments were recorded at the middle of Bera 

Lake in the year 1954 and 1962 with a mean rate of 0.53 and 0.975 g cm
-2

 y
-1

, respectively.  

White sandy mud (Layer 3) was deposited at the middle of Bera Lake with mean 

rate of 0.78±0.75 g cm
-2

 yr
-1

 in Core 6, and 0.54±1.2 g cm
-2

 y
-1

 in Core 8. The contribution 

of land development projects in sediment fluxes into the middle of Bera Lake is appeared 

in the Layer 3. For instance, five FELDA land development projects contributed to 

sediment flux along the main axes of Bera Lake (Core 6) at rates of 0.69, 0.52, 1.01, 1.53, 

and 2.16 g cm
-2

 y
-1

, respectively. In Core 8, furthermore, the first FELDA project gave an 

estimate of 0.17 g cm
-2

 y
-1

. The maximum calculated sediment flux was 3.95 g cm
-2

 y
-1

 

during the second and the third FELDA land development projects from the year 1976 
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until 1985. Sedimentation in Layer 3 continued with a rate of 0.17 g cm
-2

 y
-1 

during the 

fourth FELDA land development project.   

A decline in deposition rate of organic rich sediments is evident in the uppermost 

Layer (4) of sediment column. For instance, the highest accumulation rate was recognized 

at Core 8 with a mean rate of 0.35±0.38 g cm
-2

 y
-1

, while organic-rich deposits settled with 

a mean rate of 0.08±0.02 g cm
-2

 y
-1

 at the deepest part of Bera Lake. Although forest 

clearing have ceased in 1994, but local deforestation activities are continuing with 

sediment fluxed into the north margin of the middle of Bera Lake with a rate of 0.47 g cm
-2

 

y
-1

. Sedimentation rate was dramatically increased further to 1.35 g cm
-2

 y
-1

 in the year 

2004.  

The CRS 
210

Pb dating model placed the first appearance of 
137

Cs, 10.5 Bq m
-2  

value 
 

at a depth of 44 cm.  A well-resolved peak appeared at depths of 40 cm with 26.41 Bq m
-2

 

inventory, signals the 1963 maximum 
137

Cs fallout which is in agreement with 
210

Pb dates 

using CRS model. A clear correlation exists between depths of this peak at both the south 

(Core 2) and the middle (Core 8) of Bera Lake.   

A remarkable peak in 
137

Cs of 19 Bq m
-2

 inventory was detected at depth of 30 cm 

(Fig. 5.6). This suggests 
137

Cs fallout in 1986 due to Chernobyl accident. Similar peak in 

137
Cs activity was detected at depth 25 cm by CRS 

210
Pb dating model in Core 6. Other 

137
Cs peaks were detected between depths 0 to 40 cm in Core 8 and from 0 to 45 cm in 

Core 6 inferred reworked and erosion-induced 
137

Cs sources because of deforestation 

projects. For example,
 137

Cs fluxes which caused by FELDA projects remarkably recorded 

in Core 6 (Fig. 5.7), are in good agreement with 
210

Pb dates using CRS model. Another 

peak in 
137

Cs activity was observed at depth of 3 to 5 cm in Core 8, which coincided with a 
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huge flood in December, 2007.  As a result, the ability of CRS model in establishes 

chronology the sediment dates is verified by 
137

Cs horizons at the middle of Bera Lake.  

Stratigraphic dates based on records of fallout 
137

Cs in sediment column represent a 

mean sedimentation rate of 0.8 and 1.01 cm y
-1

 in Core 8 and Core 6, respectively. This 

value in master Core 8 agrees with the mean sedimentation rate that was calculated by a 

slope regression model in which unsupported plotted versus accumulative mass depth (Fig. 

5.8).  

 

Figure 5.6: Geochronology of sediment Core 8, using 
210

Pb dates and CRS model 
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Figure 5.7: Geochronology of sediment Core 6, using 
210

Pb dates and CRS model 

 

 Figure 5.8: Mean sedimentation rate at Core 8, using slope of the regression model 
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5.5. Sedimentation Rate at the North of Bera Lake 

Sedimentation rates at the north of Bera Lake were evaluated in Core 1, Core 5, and 

Core 9. Detailed unsupported 
210

Pb and 
137

Cs inventories and their variation with depth and 

sedimentation rate are shown in master Core 5 (Fig. 5.9). The 
226

Ra activity gained a mean 

concentration of 36±7.8 Bq kg
-1 

at the north of Bera Lake. The total 
210

Pb activity 

approached equilibrium with supporting 
226

Ra at a depth of 65 cm. The unsupported 
210

Pb 

values at the north of Bera Lake vary between 66 and 5.28 Bq kg
-1

. A clear steep decline in 

unsupported 
210

Pb values is observed at layer 3 contacts (Fig. 5.10) which reveals the 

effects of lithology and sedimentary conditions on the radionuclides concentration. An 

exponential variation of unsupported 
210

Pb versus depth with some minor irregularities 

appeared along layers 3 and 4, separately.  

The mean sedimentation rate at the north of Bera Lake in semi closed open water 

(Core 9), was 2.58±2.1 cm y
-1

. At such area, the maximum 
210

Pb flux into the north of Bera 

Lake was 159±2 Bq m
-2 

y
-1

. The mean sediment fluxes rate of 0.17±0.23 and 0.34±0.5 g 

cm
-2

 y
-1

 were observed at Core 1 and Core 5, respectively. Therefore, the mean 

sedimentation rate along the main axes of Bera Lake especially at the middle and the north 

basin was 1.06 cm y
-1

. The mean pre-1950 (Layer 1) deposition rate calculated to be 

0.06±0.01, 0.05±0.02, 0.14±0.26 g cm
-2

 y
-1

 at cores 1, 9, and 5, respectively. Sediment has 

thus been mainly deposited along the main axes of Bera Lake at the north, slightly more 

than the south and middle of basin.  

Sediment fluxes into the north of Bera Lake continued by accumulation of high 

organic content, grey to dark grey sandy mud deposits in Layer 2. The estimated mean 

sedimentation rates were 0.11±0.03, 0.1±0.02, and 0.55±0.9 g cm
-2

 y
-1

 at cores 1, 9, and 5, 
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respectively. Similar to the south and the middle of Bera Lake, two peaks in sediment flux 

occurred in the year, 1955 and 1963 at the north of basin. The most important peaks was 

recorded at depth of 40 cm in which sedimentation rate increased dramatically to 2.74 g 

cm
-2

 y
-1

 in 1963. The accumulation rate decreased to 0.58 and 0.28 g cm
-2

 y
-1 

in 1967 and 

1969, respectively.  

New sediment fluxes commenced with deposition of the white sandy mud of Layer 

3 at the north of Bera Lake. Terrestrial sediment indicates a remarkable accumulation of 

erosion induced deposits at the north of Bera Lake with mean rates of 0.55±0.43, 

0.17±0.12, and 0.2±0.08 g cm
-2

 y
-1

 in cores 1, 5 and Core 9, respectively. Five land 

development projects manifested clearly in Layer 3 in which sediment fluxed into the north 

of Bera Lake at rate of 0.43, 0.34, 0.18, 0.12, and 0.17 g cm
-2

 y
-1

, respectively.  Similarly, 

five distinctive peaks in sediment fluxes recorded in semi closed basin at the north of study 

area where accumulation rates calculated to be 0.17, 0.16, 0.2, 0.26, 0.39 g cm
-2

 y
-1

, 

respectively. In comparison with Core 5, deforestation phases caused an upward trend in 

sedimentation rate in the semi closed area at the north of basin.  

Sedimentation continued at the uppermost layer of the sediment profile with 

organic-rich sediments since 1992. The highest accumulation rate of this layer was 

recognized at Core 9 at rate of 0.28 g cm
-2

 y
-1

 (1.35 cm y
-1

). Semi closed basin (Core 9) at 

the north of Bera Lake experienced four sediment fluxes in which organic-rich deposits 

accumulated at rates of 0.43, 0.36, 0.54, 0.55 g cm
-2

 y
-1

 from 1996 until 2002. Organic-rich 

deposits settled at mean rate of 0.13±0.04 and 0.1±0.07 g cm
-2

 y
-1

 at Core 5 and Core 1, 

respectively. CRS model dating placed a sediment flux of organic-rich deposits at cores 1 
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and 5 in 1996 with the rate of 0.17 and 0.2 g cm
-2

 y
-1

. The huge flood in December, 2007 

which was detected at depths of 2 to 4 cm at Core 5, accumulated at rate of 0.1 g cm
-2

 y
-1

.   

The first appearance of 
137

Cs of 7.93 Bq m
-2 

inventory was marked at the north of 

Bera Lake sediment column in 1954. A well-resolved peak appeared at depth 39 cm with 

15.35 Bq m
-2

 inventory, depicts maximum 
137

Cs fallout in year 1963, which is in good 

agreement with 
210

Pb dates using CRS model. Clear correlation recorded between depths 

of this peak at sediment column of cores 2, 8, and 5. 
137

Cs inventories in Core 9 are not 

compatible with dates which were calculated by CRS model. However, stratigraphic 

correlation of layers in Core 9 with other cores and lithology of layers verified the 
210

Pb 

dates using CRS model. Other 
137

Cs peaks at 0 to 38 cm depths in master Core 5 inferred 

reworked and erosion-induced 
137

Cs sources because of deforestation and land clearing 

activities. Once again, 
137

Cs confirmation horizons approved that CRS model as 

geochronology tool of Bera Lake sediments. The means calculated sedimentation rate were 

0.83 and 0.56 cm y
-1

 at Core 5 and Core 1 based on the stratigraphic depths of 
137

Cs 

horizons. Sedimentation rate based on 
137

Cs horizons in Core 5 is in accordance to the 

mean sedimentation rate that is calculated by CRS model.    
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Figure 5.9: Geochronology of sediment Core 5, using 
210

Pb dates and CRS model 

 

Figure 5.10: Geochronology of sediment Core 1, using 
210

Pb dates and CRS model 
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Figure 5.11: Sediment distribution and sedimentation rate map of Bera Lake 
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5.6. Discussion 

Natural phenomenon like tilting in geological structure of Bera Lake basin played a 

vital role in the evolution of low land areas and trapping of water bodies (Hutchinson & 

Tan, 2009). The evidences, support the effect of strike-slip faults in shaping of BLC 

valleys and control the elongated shape of wetlands and open waters. Accumulation of 

detritus sediments at the depths of 8-9 m had happened 5,500-6,500 yrs BP (Wüst & 

Bustin, 2004) due to a tilting and rapid steepening of the main valley. In addition, forest 

and reed swamps were developed mainly along depressions which had already been 

created by the strike-slip faults especially in the first, third, fourth, and twelfth sub-

catchments.  

Although physiographic parameters play minor roles in soil erosion process, their 

contribution to sedimentary processes is significant. These parameters remarkably affect 

the shape of sub-catchments and time of water concentration. The time of concentration in 

BLC is 8.53 hours. This value, furthermore, decreases in the order of 7.79> 6.42> 3.61> 

3.38> 3.11> 2.94> 2.84> 2.45> 2.09> 1.45> 1.05> 0.89 hour in the sub-catchments 4, 12, 

8, 3, 1, 5, 9, 2, 10, 6, 11, and 7, respectively. The contribution of sub-catchments in 

sediment transport to the sink areas in the similar rainfall intensity will therefore, follow 

reverse order of time of concentration. In other word, the seventh sub-catchment requires 

shorter time for transport and drainage of water and sediments in compare to other sub-

catchments. 

A total of 5,705 hectare is covered by wetlands and open waters, which are 

topographically located at elevations lower than 20 m from sea level. This area is part of 

low land which are distributed between 0 and 2 degree slopes. The main stream at Bera 
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Lake with a length of 23 km drains water and transports sediments northward and also 

widens with several retention ponds and open waters.  This means contribution of the main 

stream in terms of sediment supply into the Bear Lake is 90%. In addition, the results 

reveal that the capability of Bera Lake for trapping sediments would increase up to 70% 

during wet seasons especially from the south inlet. The elongated shape and abundance of 

distributaries are other reasons for increase in sediment residual in Bera Lake. 

An estimation of sedimentation rate based on Bera Lake area and trap efficiency 

revealed that the annual accumulation rate is 12,550 m
3
. In conclusion, the relative 

sedimentation rate based on the Bera Lake areas (1,126,315 m
2
) can be estimated at 1.11 

cm y
-1

. This rate is very close to 1.025 cm y
-1

 which calculated using the 
137

Cs technique. 

Medium-term variation in the rate of sediment supply into Bera Lake and the 

lithology of the deposited sediments were studied through 
210

Pb dating using the CRS 

model. The chronology of sediment columns can be separated into two phases of prior and 

post land use changes in the catchment area. The pre-1970 period could also be divided 

into two periods of 1950 to 1970 and pre-1950, respectively. The actual clearance of forest 

by FELDA for oil palm plantations has been commenced in 1960 (Henson, 1994) and two 

FELDA projects were implemented between years 1960 and 1965, and between 1966 and 

1970, respectively. Although, published data is not available on FELDA projects in the 

BLC at this range of time, a remarkable influx of sediment has been recorded between 

1961 and 1966. During this period the mean sedimentation rate significantly increased to 

0.9 g cm
-2

 y
-1

; a value comparable with values quoted by FELDA or other responsible 

government agencies in 1980 decade.  
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Figure 5.12: Correlation between deforestation phases and sedimentation rate 

A rapid sedimentation rate between the years 1961 to 1966 may be due to some 

natural reasons such as a wet season or a period of heavy rain fall.  The long-term available 

and reliable rainfall data from 1961 shows some similarity with the mean sedimentation 

rate (Fig. 5.13).  

 

 

Figure 5.13: Correlation between rainfall and sedimentation rate 
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A moderate correlation between the rainfall data and sedimentation rate indicates 

that dramatic increase in sediment influx is probably due to some artificial reasons rather 

than natural. Tachibana (2000) stated that Malaysia has played an important role as 

suppliers in international wood markets since the 1960s. The BLC like other rainforest 

catchments in Malaysia has been significantly harvested for timber and log during the first 

Malaysia Plan (1960 to 1965). The real history of timber harvesting is not available and 

most official data is only available after 1970 from government agencies that deal with 

land development projects. 

 Stratigraphic descriptions and the 
210

Pb dating using CRS model clearly confirmed 

that the grey mud of Layer 1 was deposited prior to 1950 and the grey to dark grey sandy 

mud of Layer 2 was deposited between year 1950 and 1970. The low variation in the 

composition and sedimentation rate of Layer 1 indicates a stable condition without 

effective anthropogenic activities. However, high contribution of organic matters in 

composition and significant variations in sedimentation rate in Layer 2 are comparable 

with natural and anthropogenic changes as shown in Figure 5.12.   

According to Henson (1994), five FELDA projects were carried out in Pahang 

between 1970 and 1995. Land development phases were conducted between years 1970 

and 1975, 1976 and 1980, 1981 and 1985, 1986 and 1990, and between 1991 and 1995, 

respectively. Further phases of land development are still continued by the locals since 

1995. Tan et al., (2009) reported that a typical oil palm land development project 

comprised six main stages, the most important of which is land clearing. The duration of 

land clearing and preparation for 2,000 hectares of oil palm farm usually takes about 14 

months. Severe and continuous exposure of Permian, Triassic–Jurassic continental rock 
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units (Semantan Formation) during the FELDA projects has thus led to several tons of 

sediments being transported to Bera Lake wetlands and open waters. 

Deposition of the deeply eroded sediments in the Bera Lake basin started with the 

white sandy mud layer. A clear correlation between the start of FELDA land development 

projects in the catchment area and the increased sediment supply is affirmed by 
210

Pb 

dating and 
137

Cs horizons. A dilution of the atmospheric 
210

Pb fallout by increased 

sedimentation coincided with FELDA projects in the Bera Lake sediment column.  

Additionally, the normal process of sediment accumulation of pre-1970 was interrupted.  

Clear differences exist between sediment influx prior and post FELDA land development 

projects (Fig 5.12). Sedimentation dramatically increased 22 times by the first and second 

phases when white sandy mud was deposited at Bera Lake.  

For instance, the pre-1970 mean sedimentation rate in master Core 2 was calculated 

to be 0.06±0.02 g cm
-2

 y
-1

. This mean deposition rate increased dramatically to 1.13 g cm
-2

 

y
-1

 after implementation of the first and second FELDA projects from 1972 to 1980. The 

fifth FELDA land development phase, was also recognized as a main contributor to 

deposition of the white sandy mud layer. An influx of sediment at the top of sediment 

column was correlated with a huge flood in December, 2007, when 1,200 mm of rain were 

precipitated in 11 days and the water level rose and inundates to drown the whole Bera 

Lake lowland area. This natural event was verified by the highest reworked of 
137

Cs 

activity at the top of the sediment column. The 
137

Cs value was 5 times greater than the 

value of the 1963 maximum artificial fallout of 
137

Cs in master Core 2. The 
210

Pb dating of 

core samples, however, points out that the environmental impact was not recorded 

uniformly in all parts of Bera Lake. For example, the impacts of the first FELDA project in 
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the sediment profile at the north end of Bera Lake appeared two years later than those at 

the south end. 

Maximum sedimentation rates in the south, middle and north of Bera Lake were 

recorded in 1987, 1980 and 1974 with mean values of 3.3, 1.3, and 0.43 g cm
-2

 y
-1

, 

respectively. These influxes of sediments occurred during the first, second, and fourth 

FELDA development projects.  

Land preparation in the BLC involved clearing and burning of biomasses. A 

remarkable charcoal horizon was detected at the lower contact of Layer 3 when terrestrial 

sediment was deposited in all sectors of Bera Lake.  Plotting of 
210

Pb dating using the CRS 

model with deforestation phases revealed that significant sediment delivery from the 

catchment area into Bera Lake was delayed by 1 to 2 years.   

Organic-rich and peat sediments at the top of the Bera Lake sediment column were 

deposited mostly since 1994 when highly organic waste production was associated with 

the mature oil palm plantations. According to MPOC (2007), oil palm plantations 

accumulate 8.3 tons of biomass per year; a value that is 2.5 tons more than a rain forest 

produces per year. In addition, the annual dry matter productivity of an oil palm is about 

36 tons, as compared with about 26 tons for a rain forest.  

Based on the distribution of oil palm plantations and rainforest areas in Bera Lake, 

annual bio mass productivity was estimated at 1.5 million cubic meters. This amount of 

biomass could potentially cover BLC at a rate of 0.4 cm yr
-1

. In such situation, however, 

runoff transport organic matter and organic-rich sediments being the main sediments 

deposited in Bera Lake. The mean sediment supply after the fifth FELDA development 
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project decreased gradually to 0.2, 0.21, 0.153, 0.29, 0.11, 0.08, 0.13, 0.24, and 0.17 g cm
-2

 

y
-1

 in Cores 1, 2, 3, 4, 5, 6, 7, 8, and 9, respectively. 

A clear contribution of this research project towards knowledge is demonstrating 

the capability of 
137

Cs as an independent time marker and its usefulness in study of 

historical sedimentation rates in Malaysia. Although 
137

Cs activity in soil and sediment 

profile of Malaysia is very low in comparison with that of the European and American 

continents, its vertical distribution appeared in an ideal form. Furthermore, the peaks in the 

137
Cs inventory, show excellent correlations with anthropogenic changes especially in the 

upper parts of Bera Lake sediment columns. Stratigraphic dates based on records of fallout 

of 
137

Cs and 
210

Pb supply rates to these core sites have remained relatively constant. The 

Bera Lake sediments could therefore, be dated by the CRS model.  

Another achievement and new finding in this research is the good correlation of the 

mean sedimentation rates based on a slope regression model and the stratigraphic dates of 

137
Cs time markers in Malaysia. In other word, the stratigraphic dates of 

137
Cs horizons 

(1954, and 1963) have confirmed the application of slope regression model in which 
210

Pb 

unsupported values were plotted against cumulative mass depth. This study therefore, 

recommends application of a slope regression model as a simple dating method for further 

research in areas Malaysia with similar conditions as those of Bera Lake. 

Questions and uncertainties about the adverse impacts of land use changes on the 

sedimentation rates in Bera Lake have also been clearly answered in this study. The main 

objective of the present research has been successfully achieved with sedimentation rates 

in different parts of Bera Lake and the historical trend of deposition, calculated using 

several methods and their results confidently confirmed selected methodologies and each 
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others. Now the RAMSAR site decision makers could estimate adverse effects of previous 

land development projects on Bera Lake sedimentation rate. Therefore, they could provide 

a sustainable land use programme for further conservation and replanting in BLC area to 

avoid further deposition of sediments. 
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6. CHAPTER VI: SOIL AND NUTRIENT REDISTRIBUTION AT THE BERA 

LAKE CATCHMENT 

6.1. Introduction 

Soil erosion and redistribution of eroded materials in the BLC has been 

investigated using radioisotopes. This is one of the most important objectives of the 

present research. The soil sampling strategy, soil sample preparation and conversion 

models have been appropriately discussed In Sections 3.2.5, 3.3.1, and 3.5.2. In this 

chapter, the results of the applications of models in soil erosion and redistribution of 

eroded materials in the study area are presented. Finally, the results are presented in a soil 

erosion map of BLC. 

6.2. 137
Cs Inventory in Soil Samples 

Atomic bomb-derived nuclides are difficult to detect in the soil profiles of 

equatorial areas. Previous studies in Malaysia (Neergaard, 2008; Othman, 2003), Indonesia 

(Barokah, 2007;  Suhartini, 2006), Vietnam (Hien et al. 2002; Hai et al. 2008) , Philippine 

and Sri Lanka (IAEA, 2003), and in Taiwan (Chiu et al. 1999) have highlighted the 

applicability of 
137

Cs in measuring rates of soil redistribution in tropical areas. However 

area generally low inventory of 
137

Cs (<400 Bq m
-2

) as found in tropical Australia by 

Hancock (2008).  The expected low activity of 
137

Cs in Malaysia was thus anticipated in 

this study and has affected the sampling strategy.   

The reported mean 
137

Cs reference inventory in Indonesia has been varied from 

261±37 and 286±47 Bq m
-2

 (Barokah, 2001; Suhartini, 2006), and varied between 

450±280 and 170±160 Bq m
-2

 in Philippines (IAEA, 2003).  The 
137

Cs inventory at the 

reference sites ranged between 237 to 1097 Bq m
-2

 in Vietnam (Hien et al. 2002; Hai et al. 
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2008), varies between 154 to 317 Bq m
-2

 in Taiwan (Chiu, 1999), and in tropical Australia 

from 129 and 209 Bq m
-2

 (Hancock, 2008).  

The mean value of the 
137

Cs reference inventory was calculated to be 125.39±36 Bq 

m
-2

 with coefficient of variation (CV) of 0.29 and ranged from 85 to 193 Bq m
-2

. 
137

Cs 

reference inventory in the study area is within the range of 
137

Cs inventory in tropical 

Australia and Philippines has lower than reference inventories in the neighbor its countries.  

Mabit (2008b) has stated that the CV of reference samples in forested sites is large (0.19–

0.47), but low in pasture and grassland sites (0.051–0.41). The CV of the reference 

samples is of low-variance and therefore, considered to be reliable for the assessment of 

base level of 
137

Cs with moderate spatial variability in fallout inputs. The reference 

samples in the study area have an average clay content of 7.25%, while the average silt and 

sand contents are 46.43, and 46.31, %, respectively. When the 
137

Cs inventory in all 

samples was compared with the soil particle sizes, it showed a moderate correlation with 

silt sized particles (r=0.4; p<0.05), but a weak correlation (r=0.2; p<0.05) with sand sized 

particles.  A strong positive correlation (r=0.74; p<0.05) was found between 
137

Cs 

inventory and fine grain size (mud fraction) of reference samples. The data thus highlights 

the importantes role of parent rocks and rate of soil disturbance in the study area in terms 

of 
137

Cs adsorption in the soil profile. Strong negative correlations between 
137

Cs inventory 

and TOC (r=-0.92; p<0.05) versus depth found in reference sample (Fig.3). For depth 

between 0 to 4 cm, the forest soils mainly consist of organic material with little inorganic 

compounds and thus show low 
137

Cs activity.  

The scattered plan of sampling as well as the variations in slope gradient, parent 

rocks and rate of soil mixing during planting of oil palm and rubber has caused variation in 
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137
Cs activity and particle size distributions of samples (Table 6.1). It is to be noted that 

soils in the developed land covered by oil palm and rubber plantations have a sandy loam 

texture.  Soil profile in areas still being developed or covered by immature oil palm and 

rubber plantations has a loamy texture. In other word, immature oil palm states have a 

short duration of exposure and erosion rather than developed lands.   

 

Figure 6.1: Variation of 
137

Cs inventory with depth at the reference site 
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Table 6.1: 
137

Cs inventory, grain size distribution, and classification of studied samples 
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Figure 6.2: 
137

Cs inventories, soil loss and soil erosion rate for various land use types  

6.3. Soil loss estimation 

The results properly highlighted effects of the deforestation dates on the soil loss 

and erosion rate in the BLC (Table 6.2). This study shows that different land use in areas 

of similar topographic and parent rocks results in different rates of soil loss in the BLC. 

The results show that mean percentage of soil loss for developed oil or rubber plantations 

in the different subcatchments is 55±22% with a CV of 0.41.  

The estimate of mean erosion, therefore, was 70±35 t h
-1

 y
-1

 with a CV of 0.5. The 

tillage depth was 250 kg m
-2

 (ca. 25cm) and from which 137.5 kg m
-2

 (or ca. 13.75 cm) has 

been lost by erosion since the land clearance started. The estimated mean erosion during 

the first, second, third, and the fourth FELDA land development projects based on their 

tillage beginning date were 0.58±0.15, 0.47±0.17, 0.71±0.41, and 1.13±0.13 cm y-1, 
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respectively.  The maximum soil redistribution was 119 t h
-1

 y
-1

 at the north-east of 

catchment (Bera-Selatan (4) FELDA district). The bedrock comprises red colored, 

continental facies rocks, mainly areno-argillaceous strata with rudaceous and carbonaceous 

bands of the Redbeds Formation (This is probably the Tembeling Formation).  As a result, 

the maximum erosion rate of 1.56 cm y
-1

 was obtained (Fig. 4). On the other hand, the 

lowest soil loss, erosion magnitude and medium-term erosion rate obtained were 27.72%, 

30.42 t h
-1

 y
-1

, and 0.35 cm y
-1

, respectively, in Triang-Selatan (1) oil palm district which 

was developed in 1979 in the north west of the catchment.  

Intense surface erosion here led to the removal of fine grains and increasing 

concentrations of coarse grains at the soil surface (Fig. 6.3a); a feature similar to that of a 

desert pavement. Stone pillars (Fig. 6.3b) are common features in the study area where a 

gravel sized particle forms the cap rock for a column of fine grains. Continued erosion 

leads to the collapse of the pillars and repetition of the surface erosional processes. 

 

Figure 6.3: Intense surface erosion and its feature in exposed areas  

Literature shows that most studies in the neighing countries have applied 
137

Cs 

technique in the different land use scheme or conversion models in comparison with the 

a b 

Collapsed 

Columns 
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BLC. Nonetheless, the Proportional model was used in Seri Lanka and Philippines (IEAE, 

2003) to estimate soil redistribution in a converted rainforest to monoculture crop (tea and 

coffee farms) showed an erosion rate of 43 and 33 t h
-1

 y
-1

, respectively. These values were 

calculated in a quite smaller farms, non-machinery deforestation, and different tillage 

commencement. They could be comparable with the lowest magnitude of erosion in 

developed lands in BLC although the overall situations were quite different.     

The mean soil erosion of developed oil palm/rubber plantations have been reported 

as 56±20 t h
-1

 y
-1

 in previous studies (Leigh, 1973; Malmer et al., 1990; Shallow et al., 

1956; Douglas et al., 1992; Paramananthan, 1984). This value which was calculated using 

the Universal Soil Loss Equation (USLE) appears to under-estimate soil erosion when 

compared with the results of the Proportional model and 
137

Cs technique. Further work, 

therefore, is needed to calibrate the empirical USLE Method with the 
137

Cs technique in 

order to estimate soil erosion in the BLC. Although different assumptions and parameters 

in 
137

Cs technique and USLE dictated different soil erosion values, oil palm plantations 

have developed in a similar situation in different parts of Malaysia. 

One form of land use which influenced soil redistribution in the BLC is 

establsihment of oil palm/rubber plantations. They involve land with partially covered 

ground surfaces as well as partially covered with very young planted trees, or areas of re-

planted oil palm. The updated land use map and a published Report (Henson, 1994) show 

that such areas were mainly cleared by local residents despite the gazettement of the BLC 

as a RAMSAR site and after the prohibition of FELDA development projects in 1994.  

Tillage commencement dates of the areas of developing plantations are thus assumed to be 

1995 with the total elapsed period being 16 years. The results clearly confirmed the erosion 
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magnitude of developing lands with a mean soil erosion rate of 117±31 t h
-1

 y
-1

 and a CV 

of 0.3. The mean soil loss percentage in these developing areas was furthermore, calculated 

to be 63±9 with a CV of 0.14. This indicates that soil loss in the developing lands have 

been similar for the past two decades with the lowest variance. According to the tillage 

depth (250 Kg m
-2

) and tillage commencement date, soil loss and the mean medium-term 

soil erosion rate in the developing land has been 156.5 Kg m
-2

 (or ca. 15.56 cm) and 

1.57±0.24 cm y
-1

, respectively.  The maximum rate of erosion determined for developing 

land is 1.79 cm y
-1

 in the RAMSAR site district where there has been encroachment by 

local residents. 

Field observations show that most of the recent land being developed in the BLC is 

being cultivated with rubber trees. Rubber trees are preferred to that of oil-palm by the 

local residents in view of easier land preparation, maintenance, and harvesting (Henson, 

1994). The erosion magnitude in BLC is comparable with soil erosion in the Seberang 

Perai Selatan area, Penang State, Peninsular Malaysia, where the highest contribution of 

soil loss among cultivated lands was recorded for rubber plantations to be 122 t h
-1

 y
-1

. 

This value is much higher than that of oil palm plantations with a soil loss of 34 t h
-1

 y
-1

 

(Shamshad et al., 2008). 
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Table 6.2: Soil loss, erosion magnitude, and erosion rate at BLC 

 

Serious erosion is found at cleared lands in the BLC. Recent encroachments into 

the RAMSAR site by local residents have been detected at 187 locations where the ground 

surface is entirely cleared and exposed to weathering and erosion processes. A satellite 

image (Spot 5, 2009) of spatial resolution 10 m served as the base for recognizing cleared 

lands in the BLC. It can therefore, be assumed that tillage of cleared lands started in 2008 

as normal land clearing and preparation takes 12-14 months for a 2,000 hectare land 

development project (Tan et al., 2009). In such situation, mean soil loss percentage was 
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74±21 with a CV of 0.29 in cleared lands. Maximum, minimum, and mean soil loss 

magnitudes of 1266, 532, and 915±345, t h
-1

 y
-1

 respectively, with CV of 0.4 were 

calculated for the newly open land. As a result, the medium-term mean erosion rate is 

currently 7.4±2.1 cm y
-1

 with a CV of 0.29 in the cleared lands at BLC. 

 

Figure 6.4: Intense surface erosion observed at recent cleared and exposed lands 

The maximum rate of erosion furthermore, occurs in cleared land in the 

subcatchment 1 at the north of the BLC with a value of 9.88 cm y
-1

. The results show that 

the erosion rate in the cleared lands in the RAMSAR site is about half of the value from 

areas that were previously covered by oil palm and recently cleared for replanting of oil 

palm/rubber. Site preparation which involves burning during land preparation has caused 

significant increases in soil loss from the BLC (Henson, 1994). The effect of forest burning 

on increase of soil loss was reported by Field (2000). Further studies are needed to 

evaluate forest burning in BLC, but available evidences of forest burning in the land 

preparation is clearly manifested in the sediment column as the charcoal horizon especially 

at lower contact of white sandy mud deposits. Recent felled-land burning can be found at 
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the north of the study area where some land has been converted to rubber by the local 

people (Fig. 6.5).  

 

Figure 6.5: Burning features was observed at the north of the study area 

Models calibrated for cultivated land usually assumed very low soil loss from 

natural forest (Walling & He, 1999).  Ling et al., (1979), (unpublished) Wiersum (1985), 

(unpublished) Northcliff (1990), (Malmer, 1990), and Shamshad et al., (2008) have 

estimated soil loss from Malaysian natural rainforests to be 10, 6.2, 5.1, 0.036 and 0, t ha
-1

 

y
-1

, respectively. These values were determined using the USLE equation and obtained 

from sediment discharge analyses. Although it can be assumed that soil erosion in the 

natural rainforest at BLC is very low, field observations show that recent encroachments 

into the forest area for timber and other natural products have led to erosional features as 

gullies and landslips.  A mean soil erosion value of 7 t a
-1

 y
-1

 from the just mentioned 

studies has been used to illustrate soil loss from the natural forest at BLC. 
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6.4. Nutrient Content in Bera Lake Catchment Soil Profile 

Agronomic activities are well-known anthropogenic projects which have 

significantly changed the features of Malaysian rainforests. Progressive global demands for 

oil palm as well as a suitable agro-climatic situation and Malaysian land development 

projects since 1961 have contributed to the establish 20 million hectares of planted land. 

Although oil palm plantations are introduced as sustainable agricultural practices (Basiron, 

2006), they significantly affect soils and sediments nutrient concentrations (MPOC, 2007; 

Chiew, 2002; Wakker, 2004). This section discusses the nutrient contents, physical 

properties, and inventories of 
137

Cs that have analyzed in 35 samples collected from the 

four groups of land uses in the study area (Table 6.3). Clear variations in nutrient contents 

and radiocesium inventory were obtained due to different land uses in the BLC. The 

geographical distributions of nutrients in the catchment area are presented in Figures 6.6 

and 6.7.  

The lowest nutrient contents obtained are in cleared lands with TOC and TN mean 

values of 1.09±0.2 % and 0.11±0.02 % with coefficient variations of 0.18 and 0.2, 

respectively. In this situation, the maximum 
137

Cs loss was recorded where the lowest 

mean inventory of this fallout radionuclide was 31.14±27.5 Bq m
-2

 with a coefficient 

variation of 0.88. Furthermore percentage losses of carbon, nitrogen and 
137

Cs were 52%, 

31.2% and 74%, respectively. A significant negative correlation (r= -0.82, p<0.05) 

between 
137

Cs value and depth-wise TOC content was obtained in soil samples collected 

from cleared land. 
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Developed oil palm and rubber plantations are another land use group where 

deforestation and land development has contributed significantly to decrease nutrient 

contents and radioisotopes inventories. 

Table 6.3 Nutrient contents, 
137

Cs inventory, and physical properties of soil samples 

 

These areas have experienced phases of land clearance and development, though 

the nutrient cycle has only marginally improved. The mean values of TOC and TN 

obtained are, 1.22±0.62 % and 0.13±0.07 % with coefficient variations of 0.51 and 0.53, 

respectively. Carbon, nitrogen and 
137

Cs percentage losses in developed oil palm 

plantations were 49%, 18.75%, and 55%, respectively. Continuous erosion has removed 

fine particles and a coarsening of soil texture is the dominant process in developed land in 

BLC. The results show that the average nitrogen loss percentage in the land being 

developed for oil palm plantations is similar to that of developed oil palm areas. However, 

the percentage losses in carbon and 
137

Cs were 44.6%, and 62.0%, respectively. 
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Figure 6.6: TOC values at different land use districts 

Cultivation of new forest has improved carbon contents in the land being 

developed. Organic matter has also been derived from the trunks, fallen leaves, and 

remaining roots and from felled palm tree in replanted area. Chiew (2002) showed that the 

release of EFB in oil palm plantations rebuilt nutrient cycles and increased leaf N, P, K and 

Mg over and above the effects of EFB or N alone. A mean value of 24,000±1.14 (2.4%), 

and 1,600±0.05 mg kg
-1

 (1.6%) was obtained for carbon and nitrogen contents in rainforest 

samples. PFE in BLC was gazzetted as the first RAMSAR site in Malaysia, 1994 and the 

surrounding developed land established as buffer zones. Local residents have been 

deforesting small areas in the RAMSAR site since 1994 and leaving destructive effects on 
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BLC ecosystems. This is in spite of government regulations stipulating that any project 

beyond 500 hectare should have an EIA (ECD, 2002). 

 

Figure 6.7: TN values at different land use districts 
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6.5. Soil Accumulation Rate in Wetlands and Open Waters  

Wetlands and open waters covering some 57 km
-2

 in area are recognized as natural 

soil traps and retention pounds within the BLC. Large amounts of eroded soil has 

accumulated in sink area which show many depositional features such as sediment 

dumping in wetlands, narrowing of water bodies by sand barriers and serious depth 

reduction. In the present study, organic-rich sediments in the uppermost layer of the Bera 

Lake sediment column were studied in order to find out the fate of eroded soil.  The study 

is based on the 
137

Cs inventory in organic-rich Layer 4, until a depth of 25 cm, similar to 

the depth of soil samples analyzed for their 
137

Cs inventory in source area (Table 6.4). The 

organic-rich layer can be recognized by its very low submerged bulk density (194±93 kg 

m
-3

), high porosity (0.87±0.07), and very low inorganic content.  

Table 6.4: 
137

Cs inventory and accumulation rate in wetlands and open waters samples 

 

The 
137

Cs inventories in samples from the wetlands and open waters were 

compared with the main reference sample which shows 143.5 Bq m
-2

 
137

Cs inventory of 

the same bulk core diameter. The mean 
137

Cs inventory in submerged soil samples was 
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determined to be 1390±1216 Bq m
-2

 with a coefficient variance of 0.87. A great 

enrichment in 
137

Cs inventory is thus recognized in the studied samples. Geographical 

parameters like the dendritic pattern of wetlands and water bodies play an important role in 

137
Cs enrichment in their sediments.  For instance, samples which were collected from 

semi closed areas at the north of Bera Lake had the highest inventory that was up to 4 

times the value of open water samples.  The accretion frequency and rate was also 

morphologically controlled in the study area.  A mean accretion rate of 20±9 t ha
-1

 y
-1

 with 

a coefficient variance of 0.49 was obtained achieved for the wetlands and open waters. 

This study indicates that after the implementation of the fifth Malaysian land development 

project between 1990 and 1995 (Henson, 1994) oil palm/rubber estates were established as 

the mature forests. Annual biomass productivity based on MPOC (2007) report and land 

area covered by rainforest and oil palm/rubber plantations was 1.5 million tones. 

Potentially, organic-matter could make a cover on the whole of catchment area with 0.4 cm 

thickness. Therefore, the run-off load and the accumulated soils in the sink area have been 

organic-rich due to the abundance of biomass production. The elapsed time for the 

accumulation of organic-rich soils in the study area is assumed to be 16 years after 

development of mature oil palm/rubber plantations. Therefore, the mean of estimated soil 

accumulation rate in the wetlands and open waters was 1.025 cm y
-1

.  

6.6.  Soil Redistribution Mapping 

The soil redistribution mapping technique is based on 
137

Cs variability as 

introduced by Mabit (2007, 2008b) where geostatistics was coupled with a GIS. The 

method is applicable to small catchments with uniform land use and topographic 

conditions. Soil redistribution mapping in this study is based on land use and dates of 
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tillage commencement as well as similarities in soil textures and geological setting of each 

sub-catchment. The FELDA land development districts with certain dates of tillage and 

elapsed time were the basic units for mapping. Soil erosion values obtained for cleared 

land with similar elapsed times were extended to other cleared lands within the same sub-

catchment. Mean values of soil loss from undisturbed rainforest were obtained from 

previous studies and applies for considering natural forest in the BLC. Mean accretion 

rates for sink areas in BLC furthermore, was based on ten bulk core samples in the 

wetlands and open waters.  The soil redistribution map of BLC (Fig. 6.8) is the first 

attempt in applying the 
137

Cs technique in Malaysia and catchment sacle. It illustrates well 

erosional and depositional trends in the catchment scale. This map prepared valuable 

guideline for soil conservation and management practices. Decision makers can focus on 

districts where soil erosion is in a critical condition and experienced intensive erosion.  
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Figure 6.8: Soil erosion rate map of BLC 

6.7. Discussion 

Soil erosion is a natural process in which different phenomenon occurs. It can 

occur in short to long-term periods, depending on the original rock, climate, and 

topographic situations, but more recently human activities have accelerated erosion.  

Soil erosion at BLC area is controlled by several natural and artificial factors. The 

low drainage density (2.248 km km
-2

) and semi elongate shape (Horton form factor, 1.12), 

as well as gentle slope (0 to 2 degree) of BLC indicate that physiographic factors play a 

minor role in soil erosion. The tendency to generate surface runoff is dictated by other 

factors. On the other hand, physiographic factors and vegetation cover could increase 
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infiltration and in the study area. Climate also plays an important role in tropical countries.  

The mean humidity of 70 to 90%, heavy rainfall and the low evapotranspiration rate of 4-

4.5 mm per day has an effective impact on soil erosion in the study area. Deep chemical 

weathering can therefore, be expected in the original bedrock. 

The Bera and Semantan Formations which are entirely composed of sedimentary 

rocks cover 96.7% of the BLC.  Their lithology mainly comprises deeply weathered 

brown-yellowish argillaceous, arenaceous to rudaceous rocks.  Undifferentiated strata of 

massive mudstone, tuffaceous sandstone, siltstone, and conglomerates also outcrop under 

the soil profiles in the study area. Secondary iron oxide concretions as a result of intense 

chemical weathering of the bedrock are observed at lower contact of Bera Formation. 

Joints and fractures have also increased the depth of chemical and physical weathering. 

The overall evidence demonstrates that the bedrock is susceptible to weathering and thus 

contributed significantly to generation of erodible soil profiles. The contribution of natural 

parameters in soil erosion rates for natural rainforest in different parts of Malaysia have 

been reported in previous studies (Ling et al., 1979; Shamshad et al., 2008) using the 

USLE equation. The mean soil erosion rate has been calculated to be 7±4 t ha
-1

 y
-1

. 

However, natural parameters have played different roles in the varied type of land uses 

especially for converted lands to agricultural states. 

Site preparation by burning is one of the land development phases that have caused 

a significant increase in soil loss in the BLC (Henson, 1994). The importance of forest 

burning to increase the rate of soil loss has been reported by Field and Carter (2000). A 

mean soil erosion rate based on previous work using the USLE equation (Leigh & Low, 

1973; Shallow, 1956; Douglas et al., 1992; Paramananthan & Eswaran, 1984) was reported 
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to be 56±20 t h
-1

 y
-1

. This value which was calculated using the USLE appears to under-

estimate soil erosion when compared with the results of the Proportional model (70±35 t h
-

1
 y

-1
) and 

137
Cs fallout radionuclide inventory.   

In the Seberang Perai Selatan area of Penang State, Malaysia, soil erosion in rubber 

plantations was reported to have the highest value amongst cultivated lands with a soil loss 

of 122 t h
-1

 y
-1

 (Shamshad et al., 2008b).  The rate of soil loss from rubber plantations in 

Penang State is close to the mean value of soil loss (117±31 t h
-1

 y
-1

) which has been 

estimated by the 
137

Cs technique in the BLC for under developing lands. 

Soil loss from cleared land at two small catchments at Sipitang (Midmore et al., 

1996), and at Ulu Segama (Malmer, 1990), Sabah, Malaysia calculated using the USLE 

equation was found to be 6.60, and 16 t ha
-1

 y
-1

, respectively. In these cases, the calculated 

soil erosion magnitude is under-estimated in comparison with the soil erosion rate 

(915±345, t h
-1

 y
-1

) calculated with the 
137

Cs technique in the BLC. It is evident that the 

size of catchment area plays an important role in determining the soil loss by any 

technique. For instance, Walling (1982) estimated soil erosion in the Cikeruh and Cigulung 

catchments in tropical Java with areas of 250, and 43, km
2
 area, at 112, and 10.85, t ha

-1
 y

-

1
, respectively. Further work, therefore, is needed to calibrate the empirical USLE Method 

with the 
137

Cs technique to estimate soil erosion in the BLC.  All in all, soil erosion rate 

studies using the USLE at several catchments in Malaysia indicate under-estimated rates in 

comparison with soil erosion rates which were calculated with the 
137

Cs technique at BLC.  

One of the main contributions in knowledge which has been gained in this research 

is selection of the Proportional Model from several available models for conversion of soil 

loss frequency to soil erosion rate. In other words, this model was recognized as the best 
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model for catchments which were deforested once and covered by oil palm and rubber 

plantations. All assumptions such as exact date of tillage and soil disturbance occasions 

were met in this model. Although, the Mass Balance I, II, III are known to be more 

advanced models to reduce uncertainties in the calculations, they are suitable for farms and 

cultivated lands where there is annual ploughing. Direct communication with Professor 

Dess Walling, Exeter University who developed the conversion models (Walling & He, 

1999) has confirmed application of the Proportional Model to estimate soil erosion rate in 

such catchments which are the most common agricultural scheme in the Malaysia.  The 

137
Cs technique has allowed preparation of a soil erosion rate map (Fig. 6.8) for BLC 

where certain land use districts show actual rates of have soil loss based on cultivation 

dates. According to this map, the annual soil erosion from source areas is calculated to be 

4.5 million tones which could potentially cover the whole wetlands and open waters at a 

rate of 6 mm per year. The 
137

Cs technique revealed that the deposition rate in the 

mentioned sink areas has been 1.025 cm y
-1

 since 1994. Therefore, this research has been 

successful in achieving one of its main objectives in that it has shown how much and 

where soil resources of BLC have been removed since and after deforestation phases. The 

erosion map can also be used as a base map for soil conservation and management 

practices in the BLC area. According to Tan et al., (2009) oil palm plantations last for 

about 25 years and they will then be replanted with new oil palm trees or other agricultural 

crops. In view of this, it can be assumed that the Bera Lake oil palm plantations are old and 

need replanting.  The results of this study can therefore, be used as a guideline for decision 

makers to take an appropriate policy to approach a sustainable land use scheme at any 

replantation districts.  
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One of expected environmental impacts of land use changes in BLC is the 

interruption and disturbance in carbon and nitrogen cycles. Carbon and nitrogen exchange 

occur by biogeochemical processes among several media like biosphere, pedosphere, 

geosphere, hydrosphere, and atmosphere of the Earth.   The cyclic movement of nutrients 

is recognized as one of the most important cycles of the earth and allows for nutrients to be 

recycled in organic and inorganic forms. Rainforests, wetlands and open waters are the 

main storages of nutrients and they play vital roles in nutrient cycles. Bera wetlands and 

open waters were introduced as sites of peat accumulation in Malaysia (Phillips, 1998). 

Wǜst and Bustin (2001) have properly stated that there is low ash peat accumulation in the 

study area. Interruption of, and changes in, the coalification mechanism due to land use 

changes over the recent decades, however, has been the main gap in their studies. 

Evaluation of the effects of land use changes on the nutrient cycle in the BLC area and 

open water was thus considered to be one of the objectives of the present research. This 

objective was studied by comparing nutrient contents in different land use districts in the 

catchment area and application of radioisotopes for historical reconstruction of nutrient 

variations in Bera Lake. Similar to other independent time markers, particular charcoal and 

organic matter horizons in sediment columns were highlighted to verify 
210

Pb resultant 

dates using the CRS model. 

The highest and the lowest values of TOC were calculated to be 3.8 and 0.14% for 

rainforest, and cleared lands, respectively. Similarly, the highest and the lowest values of 

TN were 0.27 and 0.01 % for rainforest and cleared lands. The maximum 
137

Cs loss has 

furthermore, been recorded in cleared land where the lowest mean activity of this fallout 

radionuclide was determined to be 31.14±27.5 Bq m
-2 

with a coefficient variation of 0.88. 



  

175 

 

Several mechanisms have contributed to decreasing nutrient contents in the BLC, 

particularly in cleared land. Clear-felling and burning are two major procedures in land 

preparation (Tan et al., 2009) for oil palm planting and this has been extensively used by 

FELDA in the BLC. Malmer (1996) investigated effects of forest burring in the 

Mendolong catchment area in Malaysia and reported that concentrations of nutrients in 

suspended load during clear-felling and after burning rose 10-100 times higher than the 

background level.  Trammell et al., (2004) estimated that adverse effects of forest burning 

in terms of nitrogen loss will be equivalent to 4.5 years of atmospheric input. Oxidation 

and volatilization of nutrients stored in all kinds of fineable vegetation, leaching, surface 

runoff, and convection of ash are the main mechanisms which promote nutrient loss from 

ecosystems during and after burning of forests (Fisher & Binkley, 2000). In addition, 

Grigal and Bates (1992) introduced forest burning as one of main reasons to consume 

nutrients especially nitrogen and some phosphorus by volatilization and escape to the 

atmosphere. 

Another destructive effect of forest burning in the land clearing process reported by 

Debano (1998) is disruption of hydrological properties of the soil.  The volume and rate of 

air and water movement through soil is mainly controlled by pore size and space. Loss of 

aggregation from the destruction of organic matter binding mineral soil particles decreases 

pore volume and impedes flow of air and water through the soil. This process affected 

cleared land in the BLC in terms of bulk density with some 10 % increment on average. 
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7. CHAPTER VII: CHEMICAL PROPERTIES AND QUALITY ASSESSMENT 

OF BERA LAKE SEDIMENT 

7.1. Introduction 

Determination of the chemical composition and quality of the sediments at Bera 

Lake and its' ecological risk assessment is one of main the objectives of this research. 

Medium-term heavy metal fluxes into the Lake and contamination of distinct strata will 

support and verify resultant 
210

Pb dates as well as assist in determining sedimentation rates. 

Furthermore, sediment quality assessments will reveal ecological risks due to sediment 

pollution and provide vital data for ecological risk management of Bera Lake. Details on 

sample preparation and chemical analyses as well as ecological risk assessment methods 

have been explained in Sections 3.33 and 3.5.3, respectively. This chapter discusses the 

chemical composition of the Bera Lake sediments as well as cluster analyses of the major 

and minor metals. Details on the sediment quality and ecological risk assessment of Bera 

Lake are also presented in this Chapter.   

7.2. Background Concentration of Heavy Metals in Bera Lake Sediments 

Calculation of ecological risk indices requires background values, or pre-land use 

change concentrations, of metals. Physico-chemical analyses of Bera Lake sediments from 

the lower part of cores (depths exceeding 32 cm) can be considered to provide data that 

representative of the sediments that were deposited under natural conditions. Average 

values of major and minor elements in the lower layers of the core are therefore, assumed 

to be background values (Table 7.1). Deposition of major and minor elements at Bera Lake 

has occurred under natural conditions with some minor variations since the creation of the 
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wetlands and Bera Lake about 4,500 BP (Morley, 1981). Over the last four decades, 

however, Bera Lake has experienced fluxes in lithogenic and anthropogenic derived metals 

since part of the drainage catchment was cleared for oil palm monoculture. Evidence of 

this is distinctly seen in Figure 7.1 which shows concentration of Fe was constant below 32 

cm depth. Then, concentration has experienced significant upward variation, signaling the 

anomalies in Fe flux into Bera Lake.  

Table 7.1: Major and minor metals background levels in Bera Lake  

 

 

Figure 7.1: Variation in Fe concentration prior and post land use changes (Core, 5) 

7.3. Heavy metal Concentration in Bera Lake Sediments 

Minimum, maximum and mean values as well as standard deviations and 

coefficients of variation for each individual metal were determined in all the core samples. 

High concentrations of Cr, Ni, Cu, Zn, and Pb were found in the south of Bera Lake, while 

the highest mean values of Fe, K, V, Mn, Co, As, and Cd were recorded in the north of the 
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Lake. The highest concentrations of Ca, Mg, Na, Li, and Sr were also, found in the deepest 

part or in the middle of Bera Lake.  The highest percentages levels of the major metals 

were Al (15.4%) and Fe (3.9%) while the highest concentrations of trace metals were V 

(157 mg kg
-1

) and As (160 mg kg
-1

). The highest concentration of As was found in Core 3 

at the exit point of the lake at a depth of 58 cm. In the Bera Lake sediments, Cd had the 

lowest recorded concentration among the heavy metals with a maximum value of 0.2 mg 

kg
-1

 at the main sediment entry point of Bera Lake. 

The mean values of Al, Fe, K, Na, Mg, and Ca were calculated to be 9.78±2.7, 

1.1±0.6, 0.94±1.3, 0.22±0.01, 0.14±0.03, and 0.1±0.01%, respectively. Besides, the mean 

values of minor elements in Bera Lake sediments was decreased to 108.7±14> 60±4> 

52±11> 39.3±12> 37.4±7> 35±9> 33.2±3> 37±8> 17.5±4> 17±10> 4.3±3> 0.18±0.01 mg 

kg
-1

 for V, As, Cr, Zn, Li, Mn, Sr, Cu, Ni, Pb, Co, and Cd, respectively. 

An increasing trend northwards in concentrations of Fe, K, V, Mn, Co, As, Cd, and 

Sr were observed in the Bera Lake sediment profiles, whilst there was a corresponding 

decreasing trend in concentrations of Cr, Ni, Cu, Zn, and Pb.  Dramatic upward variations 

(CV, 48-78%) in concentrations of metals were also observed in the sediment columns of 

the Lake. The results therefore, show that chemical composition trends are significantly 

controlled by environmental changes and physico-chemical conditions in the Bera Lake 

basin. 

The Mn/Fe ratio is a good indicator of redox condition with low concentrations of 

Mn coinciding with low Mn/Fe ratios and high C concentrations (Koinig et al., 2003). The 

calculated Mn/Fe ratio in Cores 1, 2, 3, 4 and 5, are 0.007, 0.0027, 0.003, 0.018, and 0.003, 

respectively. An upward decrease in the Mn/Fe ratio was also found in all the Bera Lake 
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sediment profiles. According to Koinig et al., (2003) Mn
2+

 mainly precipitates as MnCO3 

and it is therefore, also dependent on pH. Conditions at Bera Lake were found to be acidic 

with a measured pH <5; a value that is in agreement with that of Wüst & Bustin (2004). As 

pH decreases, MnCO3 become less stable and the mobility of Mn increased and the Mn/Fe 

ratio thus reduced. 

7.3.1. Pearson Correlation Coefficient 

Countless studies support the importance of statistical methods for identifying 

similarities and dissimilarities in origins, conditions of storage and the distribution of 

metals (Brereton 2007; Einax 1997). Calculated Pearson correlation coefficients of metal 

levels in the five sediment profiles of Bera Lake are presented in Table 7.2. 

Significant positive and negative r values with p-value<0.05 are highlighted in 

Table 7.2. Strong positive and significant correlations (r≥0.7) were observed in the five 

sediment cores and are summarized in Table 7.3. 

A strong positive correlation between Li and Al, K, Mg, and Sr with r-values of 

0.89, 0.82, 0.91, and 0.83, respectively, at the south of Bera Lake is observed.  The Al 

value also increases with increasing K, Mg. Similarly, Sr concentrations increase with 

increasing Cr, Cu and K concentrations. The concentration of Sr also showed strong 

positive correlation with Mg and Na with r-values of 0.82, and 0.84. 

 

 

 



  

180 

 

Table 7.2: Correlation coefficients between metalloid elements in Bera Lake  

 

Continued..... 
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Table 7.2: Correlation coefficients between metalloid elements in Bera Lake 

 

The sediment profile in Core 4 reveals a clear correlation between Fe and Co, Ni, 

An, As, And Cd metals. In such condition, Mn shows a vivid correlation with Fe, Co, Ni, 

Zn, As, and Ca with high r-values. A positive correlation between the alkaline metals as 

Li, Al, Cr, Mg, Na, and Sr is also seen in the middle and north of study area. 

Similar similarities of Al and Cr, K, Mg, Na, and Sr metals settled at the middle 

and the north of Bera Lake sediment profiles.  Table 7.3 shows a variation in Mn with 

other metals in different parts of Bera Lake. This is in agreements with concentrations of 

Fe, Co, Zn, and As in the middle of Bera Lake, though some metals as Fe and Zn are 

enriched with Mn in the north of the study area. There is a remarkable positive affinity 

between concentrations of Co and Zn and As in the middle of the study area. Furthermore, 

Co showed a positive correlation with Pb only in the north of Bera Lake. positive 

correlations between cations Mg, Sr, K, and Na exist in all sections of the Bera Lake 

sediments. 
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7.3.2. Cluster Analysis 

The Hieratical Cluster Analysis (HCA) method is an unsupervised technique that 

can be applied to reveal any natural populations in the analyzed metals. This method is a 

common statistical technique in ecological studies to recognize relative sources and 

physico-chemical conditions of the depositional media (Brereton 2007; Einax et al. 1997). 

Graphic interpoint distances between all of the metals in the Bera Lake sediment columns 

in the form of two-dimensional plots or dendogram are shown in Figures 7.2 to 7.6. 

Clusters have been achieved based on complete linkages analyzes. The resultant clusters 

indicate significant positive correlations between the closest metals and similar clusters 

plotted in the closest distance. On the other hand, significant negative correlations are 

found between analyzed metals plotted at maximum distances and separate clusters. 

Similarities and dissimilarities between the analyzed metals in the south of Bera 

Lake are represented in three classes (Fig. 7.2).  A positive correlation with different r-

values is calculated for Classes 1 and 2. On the other hand, metals Co, Mn, As, Pb, and V, 

which do not cluster so well in class 3 show a significant negative correlation (Fig. 7.2) 

with other metals when plotted in classes 1 and 2. 

Maximum similarity at the middle of Bera Lake appeared in class 2 between metals 

Na and Li, and with both of them and K and Sr, and in the pair between Cr and Al (Fig. 

7.3). Classes 1 and 2 indicate moderate positive correlations between the concentrations of 

clustered metals. Both classes also, show negative correlations with metals clustered in 

class 3. A negative r-value for instance, represented the correlations between the 

concentrations of Fe and Na or Zn and Li. 
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Table 7.3: Strong positive correlation (r-value>0.7) between metalloid elements 

 

At the north of Bera Lake, minimum distances in classes 1 and 2 appear between 

metals Co and Mn, and between Na and K, respectively. On the other hand, a maximum 

distance appeared between concentrations of Pb and Co. Class 3 includes metals which 

show significant negative correlation with concentration of metals in classes 1 and 2 (Fig. 

7.4).  

 

Object1 Object2 Similarity Object1 Object2 Similarity Object1 Object2 Similarity Object1 Object2 Similarity Object1 Object2 Similarity

Li Al 0.89 Li Al 0.93 Li Al 0.97 Li Cr 0.86 Al Mg 0.96

Li K 0.82 Li Cr 0.92 Li Cr 0.92 Li Sr 0.80 V Pb 0.84

Li Mg 0.91 Li K 0.98 Li K 0.80 Al Fe 0.86 Mn Fe 0.83

Li Sr 0.83 Li Mg 0.98 Li Mg 0.95 Al Mg 0.90 Mn Ni 0.83

Al K 0.80 Li Na 0.99 Li Na 0.77 Cr Sr 0.83 Mn Zn 0.71

Al Mg 0.94 Li Sr 0.93 Li Sr 0.79 Fe Mg 0.75 Fe Ni 0.74

Al Sr 0.81 Al Cr 0.98 Al Cr 0.96 Co Ca 0.87 Co Ni 0.94

Cr Cu 0.76 Al K 0.91 Al K 0.76 K Na 0.93 Co Zn 0.71

Cr K 0.72 Al Mg 0.95 Al Mg 0.95 Mg Na 0.81 Co As 0.90

Fe Ca 0.90 Al Na 0.90 Al Na 0.72 Co Cd 0.85

Ni Cu 0.77 Al Sr 0.83 Al Sr 0.80 Ni Zn 0.76

Zn Na 0.83 V Mn 0.80 Cr Mg 0.91 Ni As 0.84

K Mg 0.85 Cr K 0.90 Mn Fe 0.85 Ni Cd 0.79

K Na 0.75 Cr Mg 0.95 Mn Co 0.98 As Cd 0.79

K Sr 0.84 Cr Na 0.88 Mn Zn 0.93 K Na 0.96

Mg Sr 0.82 Cr Sr 0.81 Mn As 0.74

Na Sr 0.84 Mn Fe 0.91 Fe Co 0.82

Mn Zn 0.85 Co Zn 0.92

Fe Zn 0.93 Co As 0.75

Co Pb 0.80 K Mg 0.90

K Mg 0.96 K Na 0.99

K Na 0.98 K Sr 0.75

K Sr 0.95 Mg Na 0.86

Mg Na 0.97 Mg Sr 0.78

Mg Sr 0.90 Na Sr 0.75

Na Sr 0.94

Core 2 Core 5Core 6 Core 4 Core 1
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Figure 7.2: Clusters and relationships between metalloid elements in Core 2 

 

Figure 7.3: Clusters and relationships between metalloid elements in Core 6 
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Figure 7.4: Clusters and relationships between metalloid elements in Core 4 

 

Figure 7.5: Clusters and relationships between metalloid elements in Core 5 

A general trend of metal populations is recognized in the sediment profiles of the 
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Fe, Mn, Zn, Ni, Co, As, Cd, and Cr classified in class 1 with a positive r-value.  Class 2 

includes metals Mg, Al, and Li with an implied maximum positive correlation. In this part 

of lake, although Na, K, Sr, Cu, Pb, and V are in clear agreement with each together, they 

show negative correlations with metals classified in classes 1 and 2 (Fig. 7.6).   

 

Figure 7.6: Clusters and relationships between metalloid elements in Core 1 

7.4. Bera Lake Sediment Quality  

Sediment quality indices were compared with Fe, As, Ni, Cr, Cd, Zn, Cu, and Pb 

levels to assess the pollution status at Bera Lake. These selected metals were recognized to 

be the most common metals for comparisons with the threshold limits of standard levels 

(Table 3.3). The overall levels of Zn and Cd metals plot below the LEL in all of the Bera 

Lake sediment profiles. There is, however, marked enrichment in Zn and Cd levels at the 

north of the study area. Cu levels in different parts of the study area indicate slight 

contamination with copper levels appearing to exceed the LEL and SBSQ limits, especially 

in the top of Cores 1 and 4 and in the middle of Core 6, and above the SEL (120, mg kg
-1

). 
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Furthermore, the Bera Lake sediments, are assessed to be slightly to moderately 

contaminated by Ni metals, especially in the southern and northwest sections. The results 

show that background values of Ni plot remarkably below the LEL, though their 

concentrations exceed the LEL value with increasing organic matter in the uppermost 

layer. 

Standard levels compared with Pb levels from different parts of the study area show 

that sediments are slightly contaminated by Pb metal at the sites of Cores 1, 2 and 4. Lead 

levels plotted higher than the LEL (31mg kg
-1

) and far from the SEL limit (120 mg kg
-1

). 

The Bera Lake sediment profiles therefore, indicate a general upward decline in Pb levels 

except in Core 4 where there is a reverse trend. 

Iron is recognized as a plentiful metal in the Bera Lake sediments. Sediment quality 

assessment shows that concentration of Fe in Cores 1, 4, and 6 plots below the LEL and 

ISQG levels. On the other hand, iron concentrations in the top of Cores 5 and 6 plots above 

the SEL and the sediments are severely contaminated by this metal.  

Assessment of the Bera Lake sediments using standard limits revealed a significant 

contamination by arsenic throughout the study area. Maximum, minimum, and average 

values of As in the studied cores are much higher than the severe effective level. Further, 

calculated arsenic background value furthermore, exceeds the LEL in all sections of Bera 

Lake. 

Chromium levels in the sediment profiles were compared with standard values to 

assess the pollution status of Bera Lake. The results show that Cr levels plot above the 
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LEL, ISQG, and CBSQG threshold limits in all samples.  Chromium has also caused 

moderate pollution at depths of 15-40 cm in the Bera Lake sediment profiles (Fig. 7.7).  
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 Figure 7.7a, b: Contamination levels in compare with the Sediment Quality Guidelines 
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Figure 7.7c, d, e: Contamination levels in compare with the Sediment Quality Guidelines 

c) 
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e) 
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Figure 7.7f, g, h: Contamination levels in compare with the Sediment Quality Guidelines 
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7.5. Historical Ecological risk Assessment of Bera Lake Sediment 

The preceding sections of this Chapter have explained the significant contribution 

of lithogenic and organic-bond metals in terms of the Bera Lake sediment pollution. The 

results further, reveal the special clustering of metals in different parts of the study area. 

The reconstruction of the history of Bera Lake as well as documenting of land use changes 

using anomalies in sediment profiles is one of the objectives of the present research. From 

the data that was obtained and following Hakanson's (1980) method, calculations were 

made to determine the parameters Cf, Cd, Er, and RI (Tables 7.4, and 7.5).  Calculations 

have been based on the seven heavy metals identified in Hakanson's method as well as 

another 11 major and minor elements. The EF for all layers of the three cores (2, 5, and 6) 

was calculated according to instructions provided in the Global Investigation of Pollution 

in the Marine Environment (GIPME, 1999). In this research, it was assumed that each 2-

cm layer was once the uppermost layer or the surface layer at some point in time. The 

contamination factors and degrees of contamination were therefore, calculated separately 

for individual layers. 

Certain anomalies and variations in the levels of pollutants can be used as an 

independent time marker for verification of dates obtained using radioisotopes (Section 

2.4.4.1).  Detailed Bera Lake sediment profile dating has already been described in Section 

4-3. In this section, the result of 
210

Pb dates are compared with vertical variations in 

ecological risk indices to document historical impacts of land use change in Bera Lake 

sediment quality. Figures 7.8, 7.9, and 7.10 illustrate historical variations of EF values in 

sediment columns in the south, middle and north of Bera Lake, respectively. 
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7.5.1. Historical Ecological Risk Assessment at South of Bera Lake 

Lower risk indicators of 8, 40, and 65 were obtained for the degree of 

contamination, ecological risk indices for all metals, and ecological risk, samples collected 

in the south basin of Bera Lake, respectively (Tables 7.6, and 7.7). In distinct strata at 

depths of 0-15, 29, 33, 49, and 57 cm, however, Bera Lake appears to have experienced 

influxes of heavy metals and sediments that have given rise to moderate to significant 

contamination by some individual pollutants (Fig. 7.8). Organic matter at depths of 0-15 

cm also have selectively controlled concentration of heavy metals where calculated 

contamination factors indicate low contamination for Cu, Zn, Li, Ni, V, Cd, Cr, Na, K, Mg, 

and Ca. This top layer appears to be enriched moderately and contaminated with Co, As, 

and Mn, the metals that cluster in class 3 (Fig. 7.2).  

The general increase of the EF from the bottom to the top of the sediment column 

from the south end of Bera Lake is an indication of the significant role of organic matter 

especially since 1994. A huge flood in December, 2007 was the main reason for 

considerable increment in concentrations of Ni, Fe, As, Cd at a depth of 3 cm where 

ecological risk indices indicated moderate risk.  The results also emphasize the significant 

effects of Cd and As on the values of ecological risk indices in the Bera Lake basin.  

The EF revealed clear evidence of heavy metal fluxes especially in the white sandy 

mud and organic-rich layers (0-39 cm). Based on the resultant dates, the south or main 

entrance to Bera Lake has experienced two major enrichments of heavy metals in 1986 and 

in 1994-1995 during the fourth and fifth phases of the FELDA project, and two minor 

influxes of heavy metals between 1971 and 1979, and in 1991, due the first to third, and 

fifth, FELDA land development projects, respectively (Fig. 7.8). 
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Table 7.4: Contamination factor and degree of contamination for cores 2, 5, and 6 

Heavy Metal Zn

Core No. 2 6 5 2 6 5 2 6 5 2 6 5 2 6 5 2 6 5 2 6 5 2 6 5

Depth (cm)

63-65 1.0 1.0 0.8 1.3 1.0 0.7 0.9 6.6

61-63 1.0 0.9 0.8 0.9 1.0 0.6 0.8 5.9

59-61 1.1 1.0 1.0 1.4 1.1 1.9 0.7 1.5 1.1 1.1 1.2 1.7 0.9 1.1 7.1 9.6

57-59 1.1 1.0 1.0 1.2 1.1 1.1 1.1 0.9 1.0 1.0 0.9 1.2 2.1 1.1 1.0 0.9 1.0 1.3 1.1 1.0 0.9 8.4 7.0 7.5

55-57 1.1 1.0 1.0 1.0 0.9 0.9 1.0 1.1 1.4 0.6 0.9 1.3 1.1 1.0 1.0 0.9 0.5 1.3 1.0 0.9 1.0 6.7 6.4 7.9

53-55 0.9 1.0 1.1 0.7 0.9 0.9 1.0 0.7 1.1 1.0 0.9 1.5 1.1 1.0 1.0 1.7 0.6 1.3 0.9 0.8 0.9 7.2 5.8 7.8

51-53 0.6 1.0 1.0 0.6 0.9 1.0 0.6 1.0 1.0 0.4 1.0 1.3 0.1 1.0 1.0 1.4 0.9 0.7 1.4 0.9 0.8 5.2 6.7 6.9

49-51 1.2 1.0 1.0 1.1 0.9 1.1 1.1 0.8 1.0 4.3 0.9 1.3 2.1 1.1 1.0 1.1 0.6 1.0 1.0 0.8 1.0 11.8 6.2 7.4

47-49 0.5 1.0 1.0 0.7 0.9 0.9 0.5 0.8 1.0 0.8 0.8 1.3 1.1 1.0 1.0 1.1 1.1 0.9 1.1 1.1 1.0 5.7 6.7 7.0

45-47 1.0 1.0 1.0 1.2 1.0 0.9 1.4 1.1 0.9 0.7 0.8 0.6 1.1 1.1 1.0 0.8 2.4 1.0 1.2 1.7 1.0 7.4 9.0 6.4

43-45 1.2 0.8 1.0 1.0 0.8 0.9 1.0 1.2 0.9 0.7 0.8 0.6 1.1 1.1 1.0 0.7 1.9 0.7 0.9 1.5 1.1 6.4 8.1 6.1

41-43 1.1 0.9 1.0 1.6 0.8 1.0 1.3 2.2 0.9 0.7 1.0 0.6 1.1 1.0 1.0 1.0 3.1 0.7 1.0 1.7 1.1 7.7 10.6 6.3

39-41 1.1 1.0 1.0 0.9 0.9 1.1 1.1 1.3 0.9 0.6 0.9 0.6 0.1 1.1 1.0 0.8 3.2 1.0 0.9 1.8 1.1 5.5 10.2 6.7

37-39 1.2 0.9 1.0 1.0 0.8 1.2 1.0 1.8 0.9 0.5 1.1 0.6 0.1 1.1 1.0 0.4 3.0 1.1 0.7 1.7 1.1 4.8 10.5 6.9

35-37 1.0 1.0 1.0 0.9 0.8 1.3 0.9 1.1 1.0 0.6 0.8 0.7 1.1 1.0 0.9 0.9 2.3 1.5 0.9 1.5 1.6 6.4 8.5 8.1

33-35 1.0 1.0 1.0 1.7 0.9 1.2 1.2 1.2 1.2 0.8 0.8 0.7 0.1 1.0 1.0 0.8 2.3 1.4 1.0 1.8 1.3 6.6 8.9 7.7

31-33 1.1 1.0 0.9 1.0 0.8 0.9 0.9 1.3 0.8 1.4 0.7 0.6 1.1 1.0 1.0 0.6 2.3 0.8 0.9 1.7 1.0 6.9 8.8 6.0

29-31 1.3 1.0 0.5 1.9 0.9 0.9 1.6 1.1 0.9 0.5 0.7 0.6 1.1 1.0 1.0 0.8 2.2 1.6 0.9 1.5 0.9 8.1 8.3 6.4

27-29 1.2 1.1 0.8 1.3 1.3 1.2 1.0 0.9 0.8 0.5 0.9 1.3 0.1 1.0 1.0 0.7 1.9 1.3 0.9 1.7 1.0 5.7 8.7 7.4

25-27 1.1 1.0 0.5 1.3 1.1 1.1 1.1 1.3 0.9 0.8 0.9 1.5 1.1 1.0 0.1 0.9 1.6 1.6 1.2 1.8 1.1 7.4 8.6 6.6

23-25 1.1 1.0 0.4 1.1 0.9 1.5 1.0 1.0 0.8 0.5 0.8 3.1 1.1 1.0 1.0 0.6 0.9 1.0 0.7 1.5 1.5 6.2 7.1 9.3

21-23 1.0 1.0 0.8 1.1 0.8 1.3 1.1 0.9 0.8 0.6 0.8 2.7 0.1 1.0 2.0 1.0 0.5 0.4 1.0 1.3 1.4 5.9 6.2 9.4

19-21 1.0 1.0 0.8 1.1 0.8 1.0 1.4 0.8 1.3 0.5 1.1 2.4 1.1 1.0 0.9 1.0 0.6 1.0 0.9 1.4 1.5 7.1 6.6 8.8

17-19 1.1 0.9 0.7 2.3 1.1 1.2 1.6 1.2 0.9 0.4 2.1 2.1 0.1 1.1 1.0 1.0 0.9 0.9 0.9 1.6 1.4 7.4 8.8 8.3

15-17 1.0 0.7 0.7 1.2 0.8 1.0 1.0 1.5 0.8 0.6 2.4 2.5 0.1 1.1 1.0 1.0 0.0 0.5 1.0 1.2 1.2 6.0 7.7 7.9

13-15 0.6 0.9 0.9 0.9 1.0 1.0 0.1 0.8 0.9 0.6 1.8 2.5 0.1 1.1 0.1 1.0 0.0 0.0 1.0 1.2 1.3 4.2 6.8 6.6

11-13 0.5 0.8 0.9 0.8 1.1 1.2 0.6 0.8 1.0 0.6 2.0 2.4 0.1 1.1 2.0 0.6 0.0 0.2 1.1 1.1 1.2 4.4 6.9 8.9

8-11 0.5 0.8 0.8 0.8 1.3 1.3 0.6 0.8 1.7 0.7 2.2 2.9 0.1 1.1 0.9 1.3 0.4 0.3 1.2 1.3 1.5 5.1 7.8 9.5

6-8 0.5 0.8 0.8 0.8 1.3 1.0 0.8 0.9 0.8 0.8 2.3 2.5 0.1 1.1 0.9 1.3 0.4 0.2 1.3 1.4 1.3 5.5 8.1 7.5

4-6 0.5 0.8 0.8 0.7 1.1 1.0 0.5 1.0 1.2 0.5 2.1 2.3 1.1 1.1 2.0 0.8 0.4 0.7 1.0 1.4 1.6 5.0 7.7 9.7

2-4 1.4 0.8 0.8 1.9 1.2 1.2 1.6 0.8 0.9 1.8 2.0 2.1 1.1 1.1 1.0 0.6 0.3 0.5 1.2 1.3 1.5 9.6 7.4 8.0

0-2 0.9 0.8 0.8 1.4 1.2 1.2 1.4 1.2 0.9 1.1 2.3 2.0 1.1 1.1 2.0 0.5 0.7 0.5 1.3 1.4 1.3 7.7 8.7 8.8

As

Cf Cd

Cr Ni Cu Cd Pb
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Table 7.5: Ecological risk index for individual metals and for basin in Cores 2, 5, and 6 

Heavy Metal Zn

Core No. 2 6 5 2 6 5 2 6 5 2 6 5 2 6 5 2 6 5 2 6 5 2 6 5

Depth (cm)

63-65 1.9 4.9 4.2 1.3 6.0 3.3 9.3 30.9

61-63 2.0 4.3 4.2 0.9 5.9 2.9 8.5 28.6

59-61 2.3 2.0 5.0 7.2 5.4 9.3 0.7 1.5 31.9 66.1 6.0 8.4 8.9 10.7 60.2 105.2

57-59 2.1 2.0 2.0 6.0 5.6 5.7 5.5 4.4 4.9 1.0 0.9 1.2 63.9 66.1 30.0 4.5 5.2 6.3 10.6 10.1 9.4 93.6 94.2 59.5

55-57 2.1 2.0 2.1 5.2 4.5 4.5 5.0 5.7 7.0 0.6 0.9 1.4 32.0 6.0 29.9 4.7 2.6 6.5 9.6 9.0 9.5 59.3 30.8 60.8

53-55 1.8 2.0 2.1 3.5 4.3 4.7 4.9 3.6 5.5 1.0 0.9 1.5 31.9 5.9 30.0 8.6 3.0 6.4 8.9 7.9 9.4 60.6 27.6 59.7

51-53 1.2 2.0 2.1 2.8 4.7 4.9 3.2 5.0 4.9 0.4 1.0 1.3 2.9 5.9 30.1 7.2 4.4 3.6 14.4 8.9 8.3 32.2 32.0 55.2

49-51 2.4 2.0 2.0 5.3 4.7 5.6 5.3 4.0 4.9 4.3 0.9 1.3 63.8 66.1 29.9 5.4 3.0 5.0 10.0 8.3 9.5 96.6 89.1 58.3

47-49 0.9 2.0 2.0 3.5 4.6 4.3 2.5 4.2 5.0 0.8 0.8 1.3 31.9 5.9 30.0 5.4 5.5 4.6 11.0 10.7 9.8 56.1 33.8 56.9

45-47 2.0 2.0 2.0 6.2 4.9 4.5 6.8 5.4 4.6 0.7 0.8 0.6 32.0 66.0 30.0 4.1 11.9 4.9 12.2 16.7 10.3 63.9 107.7 56.9

43-45 2.4 1.6 1.9 5.0 3.9 4.4 4.9 6.2 4.4 0.7 0.8 0.6 32.0 66.1 30.0 3.3 9.7 3.6 8.7 14.6 10.5 57.0 102.9 55.4

41-43 2.3 1.8 1.9 7.9 4.0 5.1 6.3 10.9 4.7 0.7 1.0 0.6 32.0 5.9 29.9 4.8 15.5 3.5 9.6 16.8 10.7 63.6 55.9 56.4

39-41 2.2 1.9 1.9 4.7 4.7 5.5 5.4 6.6 4.7 0.6 0.9 0.6 2.9 66.2 30.1 3.8 15.9 4.9 9.0 17.5 11.1 28.6 113.8 58.8

37-39 2.3 1.9 1.9 5.0 4.2 5.9 4.8 9.2 4.5 0.5 1.1 0.6 2.9 66.0 30.0 2.0 14.9 5.7 7.0 17.4 11.3 24.4 114.6 60.0

35-37 2.1 2.0 2.1 4.7 4.2 6.7 4.7 5.3 4.9 0.6 0.8 0.7 31.9 5.9 27.0 4.6 11.7 7.7 9.1 15.0 15.8 57.6 44.9 64.8

33-35 2.0 2.1 1.9 8.7 4.3 6.1 6.0 5.8 6.0 0.8 0.8 0.7 2.9 6.0 30.0 4.1 11.5 6.9 10.3 17.5 12.5 34.7 47.9 64.2

31-33 2.2 2.1 1.9 4.8 3.8 4.4 4.6 6.4 4.2 1.4 0.7 0.6 32.0 5.9 30.1 2.8 11.7 4.2 8.7 17.4 9.7 56.5 48.0 55.1

29-31 2.6 2.1 1.0 9.4 4.4 4.3 7.9 5.5 4.4 0.5 0.7 0.6 32.0 5.9 30.0 4.2 10.9 7.8 9.2 14.6 9.2 65.9 44.1 57.4

27-29 2.3 2.2 1.5 6.5 6.4 6.1 5.1 4.4 4.2 0.5 0.9 1.3 2.9 6.0 30.0 3.5 9.5 6.4 9.1 16.5 9.9 29.9 46.0 59.5

25-27 2.2 2.1 1.0 6.7 5.4 5.4 5.3 6.3 4.3 0.8 0.9 1.5 31.9 5.9 30.0 4.4 8.1 7.8 12.3 17.9 10.5 63.7 46.5 60.6

23-25 2.2 2.1 0.9 5.5 4.3 7.5 5.0 4.9 4.1 0.5 0.8 3.1 31.9 5.9 30.1 3.1 4.6 4.8 7.3 15.2 14.9 55.7 37.8 65.5

21-23 1.9 2.0 1.7 5.6 4.0 6.3 5.3 4.4 4.2 0.6 0.8 2.7 2.9 5.9 60.1 4.8 2.3 2.0 10.2 13.0 14.0 31.4 32.5 90.9

19-21 2.1 2.0 1.5 5.7 4.0 4.9 7.2 4.2 6.6 0.5 1.1 2.4 31.9 5.9 27.1 4.8 3.0 5.2 9.4 13.6 14.9 61.7 33.8 62.5

17-19 2.1 1.7 1.5 11.5 5.6 5.9 7.9 6.0 4.7 0.4 2.1 2.1 2.9 66.0 30.1 4.8 4.3 4.7 9.5 16.0 13.9 39.2 101.8 62.8

15-17 2.0 1.4 1.5 6.1 3.9 5.1 5.2 7.5 4.1 0.6 2.4 2.5 2.9 66.0 30.1 5.2 0.1 2.7 10.2 11.5 12.5 32.1 92.9 58.5

13-15 1.2 1.8 1.7 4.7 5.0 4.9 0.5 4.0 4.4 0.6 1.8 2.5 2.9 66.1 30.1 4.8 0.1 0.2 9.6 12.2 12.7 24.2 91.1 56.5

11-13 1.0 1.7 1.8 4.1 5.3 6.1 3.0 3.9 4.9 0.6 2.0 2.4 2.9 6.0 60.2 3.1 0.1 1.0 11.4 11.5 11.6 26.2 30.4 88.1

8-11 1.0 1.7 1.7 4.1 6.3 6.5 2.8 4.1 8.6 4.5 2.2 2.9 2.9 5.9 27.1 6.3 1.8 1.6 11.9 12.6 15.0 33.5 34.6 63.3

6-8 1.0 1.6 1.7 3.9 6.3 5.2 4.2 4.4 4.0 0.8 2.3 2.5 2.9 66.1 27.1 6.4 2.2 0.8 12.6 13.9 12.8 31.7 96.8 54.1

4-6 1.0 1.6 1.7 3.7 5.3 5.1 2.5 4.9 6.0 0.5 2.1 2.3 32.0 66.0 60.2 4.0 1.9 3.6 9.6 13.7 15.9 53.3 95.5 94.8

2-4 2.9 1.6 1.6 9.7 6.0 5.8 7.9 4.0 4.6 1.8 2.0 2.1 32.0 132.1 30.1 3.1 1.4 2.5 11.6 12.5 14.5 68.9 159.6 61.3

0-2 1.9 1.6 1.7 7.0 5.9 6.2 6.8 6.2 4.5 1.1 2.3 2.0 31.9 132.0 60.2 2.6 3.4 2.5 12.6 14.5 13.2 63.9 166.0 90.2

Er IR

Cr Ni Cu Cd Pb As

 

In view of this, it can be said that, the fourth and additional fifth, FELDA 

developments projects have played a major role in exposure of weathered bed rock. 

Therefore, moderate levels of enrichment associated with Cr, Cu, Ni, Cd, As, Pb, Zn, Fe, 

Co, V, Mn, Sr, Ca, K, and Na were found at depths of 37-39, 29-31, and 17-21. 

Enrichment continued considerably with Cr, Ni, As, Pb, Co, V, Mn, K, and Na where EF 

values increased more than 20 (Fig. 7.8). 
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Exchangeable cation ratios also significantly support the variations in the plots of 

EF values versus depth. The pre-1970 mean exchangeable cation ratio was 4.79±0.76, 

though during the first, second, fourth and fifth FELDA projects it increased to 6.99, 7.78, 

6.66, and 11.8, respectively. The mean exchangeable cation ratio for organic-rich deposits 

(Layer 4) was 4.3±1.15 which represents a negative correlation with organic compounds.  

 

Figure 7.8: Historical changes of EF value at the south of Bera Lake 

7.5.2. Historical Ecological Risk Assessment at the Middle of Bera Lake  

As with Core 2, the ecological risk indices and EF (of 2 to 5) for Core 6 at the top 

of the sediment column (0-18 cm) were controlled significantly by organic matter (Fig. 
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7.9).  A low contamination level at the uppermost layer is induced by lithogenic metals 

(Cu, Co, Li, Cr, Pb, Sr, Na, Al, Mg, and K). On the other hand, this layer is contaminated 

moderately by organic bond metals (Zn, Fe, V, Ni, Mn, and Ca) which cluster together in 

class 2 (Fig. 7.3). At depths in the range of 18-50 cm, heavy metal influx into the middle of 

Bera Lake increased the ecological risk indices from moderate to considerable 

contamination. White sandy mud layers (18-43 cm) which were deposited during and after 

deforestation phases in the catchment area are moderately contaminated by Cu, Zn, Pb, As, 

Mn, Co, and Ca but polluted considerably by Pb at a depth of 38-43 cm (Tables 7.5 and 

7.6). These anomalies are in agreement with the influx of 
137

Cs recorded in 1964, 1983, 

and 1993. It appears that variations in 
137

Cs value are controlled by anoxic condition due to 

re-dissolution of heavy metals combined with horizontal transport to adequately 

oxygenated parts of Bera Lake.  Similar conditions for re-dissolution of major elements 

and 
210

Pb has been reported by Robbins et al (1978) for Lake Erie. Minor peaks of 

enrichment of heavy metals at the middle part of Bera Lake are also in agreement with the 

dates of the third and fifth FELDA land development projects. A general upward increase 

in EF values of Ni, Cd, Zn, Fe, V, Mn, and Ca (Fig. 7.9) organic bond metals at the middle 

of the Bera Lake sediment column signals the significant role of organic matter especially 

since 1993. Furthermore, at depths between 50 and 73 cm, natural conditions have 

dominated the concentration of heavy metals. The minor influxes of Cu, Pb, and Ni were, 

however, recorded at a depth of 60 cm in 1955. Although, the sediment column in the 

middle of Bera Lake was classified in the low risk category, after Cd (moderate risk), the 

highest Er values were for As, Pb, and Cu (though they are still considered to be low risk).  
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A vivid decrease in the exchangeable cation ratio was obtained for organic-rich 

deposits in the uppermost layer of the sediment column. The FELDA developed lands 

apparently have had a major contribution to variation of the exchangeable cation ratio. The 

maximum value appears at a depth of 68 cm which indicates a natural event in the 

catchment area in 1943. Sediments were moderately enriched by Pb metal during this 

event.  

   

Figure 7.9: Historical changes of EF value at the middle of Bera Lake 
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7.5.3. Historical Ecological Risk Assessment at the North of Bera Lake 

The organic-rich layer (0-24 cm) showed an increase in the degrees of 

contamination and EF by Co, Fe, Mn, Zn, Cd, As, Cu, Ni, and Ca especially since 1994. 

On the other hand, those metals (Al, Li, Mg, Cr, and Pb) that clustered together in class 3 

(Fig. 7.5) represent a lower degree of contamination in this layer.  

There is a distinct difference between the degree of contamination, EF and 

ecological risk index before, and after, the FELDA land development projects in the 

northern part of Bera Lake. Contamination factors prior to land use changes in the 

catchment area were in the non-contaminated mode with the EF of all major and minor 

elements being less than a factor of 2 or minimal contamination. On the other hand, three 

remarkable influxes of heavy metals occurred in the northern Bera Lake sediment profile 

between 1971 and 1974, 1981 and 1983, and between 1986 and 1994 during the first to 

fourth FELDA land development phases. Enrichment of heavy metals mainly occurred 

during deposition of the white sandy mud sediments. Normalizing values of metals with Al 

in this layer, show that the white sandy mud deposits were enriched moderately by a wide 

range of lithogenic and organic-bond metals (Cr, Cu, Ni, Cd, As, Pb, Zn, Fe, Co, V, Mn, 

Sr, Ca, K, and Na). 

The strong affinity of As, Cr, Cu, and Ni for aquatic particles, particularly iron and 

manganese oxides also demonstrated in their deposition at Bera Lake in association with 

these materials. This fact can be clearly correlated with the significant increase of Fe and 

Mn concentrations in the sediment profile since 1972 after land use change. The organic-

rich layers in the uppermost part of the north Bera Lake sediment profile are more highly 
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enriched with Fe, Mn and Co as compared with similar layers in the middle part of the 

basin. 

A significant correlation was obtained between the exchangeable cation ratio and 

EF at the north of Bera Lake (Fig. 7.10). The pre-1970 mean exchangeable cation ratio was 

calculated to be 5.02±0.33, a quite similar value to that in the south of the study area. This 

ratio, however, dramatically increased to 10.85 and 9.90 during the first and second 

FELDA projects. It then decreased to 4 during the third and fourth land development 

phases. Another peak of 5.20 in this ratio was obtained when the fifth FELDA project 

started. The mean exchangeable cation ratio for organic-rich deposits was calculated to be 

3.64±0.26 which is lower than the background value prior to anthropogenic activities.   
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Figure 7.10: Historical changes of EF value at the north of Bera Lake 

7.6. Historical Variation of Nutrient Contents in Bera Lake Sediments 

Clear variations and some anomalies in TOC and TN were recorded in the core 

samples. Concentration of other important nutrients (K, Mg, Ca) in the same samples were 

used to support interpretation of accumulation conditions in Bera Lake sediments over the 

last decades.  The sulfur contents of Bera wetlands and Lakes reported by Wüst et al. 

(2003) of 0.05% to 0.5% are comparable with those for freshwater peat deposits. Total 

concentration of nutrients in the sediment profiles at the main open water and north of Bera 
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Lake decreased in the order of TOC> K> TN> S> Mg> Ca. Figures 5.30 and 5.31 illustrate 

historical variations of nutrient contents in master cores 5 and 6, respectively.  

The acidic condition of Bera Lake sediments (pH; 4.2 and 5.2) was observed by 

Wüst et al. (2003) and by in-situ water chemistry analyses using Hydrolab5 in this 

research. In such environments the total C is equal to total organic C. Reported TOC in this 

research involves carbon content of sediments as well as POC (Charcoal, roots, pieces of 

barks and stems) were abundantly recognized in distinct layers (Fig. 7.13). Table 7.6 

shows the POC contents in terms of the dry weight of samples in master Cores 2, 6, and 5 

which serve as indicators for the south, middle, and north of Bera Lake, respectively. 

These components were interpreted as signals of environmental events that released large 

amounts of POC into the basin.  

For example, Field and Carter (2000) reported that the percentage of organic matter 

content in the sediment derived from burnt land during the first storm event was relatively 

high at 56% with remarkable amounts of suspended charcoal carried to the sink area. 

Evidence of land development projects is obvious in POC contents, especially that from 

depths of 20-34, and 15-40 cm, in cores 2 and 6, respectively. 

These ranges of depth represent layer 3 comprising white sandy mud which 

accumulated between 1970 and 1993. The maximum POC contents in layer 3 of cores 2 

and 6 were 8.36 and 11.21% which correspond to the fifth and first FELDA land 

development projects. 
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Figure 7.11: Historical variations of nutrient contents at the middle of Bera Lake 

 

Figure 7.12: Historical variations of nutrient contents at the north of Bera Lake 
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Figure 7.13: Charcoals found from different layers in the core samples 

The contribution of the POC content reaches 62.45% in layer 4 of Core 2 which is 

mainly composed of organic-rich deposits. Master cores 2, 6, and 5 show that POC content 

in the Bera Lake sediment column accumulated in layers 2 and 1. Maximum POC content 

in grey to dark sandy mud sediments (layer 2) in cores 2 and 5 were calculated to be 4.16 

and 1.36%, respectively.  

The pre-1950 deposits (Layer 1) contain a remarkable POC content (14.11 %) 

especially in Core 6 at a depth of 60 cm. This signals a natural event which released 

significant amounts of organic matter into the sink area.  The results also reveal that 

nutrient contents in the sediment profiles significantly controlled the rate of nutrient supply 

and physico-chemical conditions at Bera Lake. 
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Table 7.6: POC (dry weight) content in analyzed samples of master Cores 2, 5, and 6 

Depth

cm Core2 Core 6 Core5

0-3 0.00 4.92 0.00

3-5 0.00 6.61 0.00

5-7 9.44 2.88 0.00

7-9 47.51 0.00 7.47

9-11 62.45 0.00 7.70

11-13 45.59 0.00 0.00

13-15 17.34 0.00 0.00

15-17 0.00 0.47 0.00

17-19 0.00 0.00 0.00

19-21 0.00 0.00 0.00

21-23 8.39 0.38 0.00

23-25 6.27 0.53 0.00

25-27 1.13 0.58 0.00

27-29 2.54 0.69 0.00

29-31 2.58 0.67 0.00

31-33 0.76 0.00 0.00

33-35 0.47 0.00 0.00

35-37 0.00 3.59 0.00

37-39 0.00 11.21 1.36

39-41 0.37 1.43 0.75

41-43 4.16 0.00 0.43

43-45 1.17 0.00 0.44

45-47 2.77 0.00 0.33

47-49 0.00 0.00 0.00

49-51 0.00 0.00 0.53

51-53 0.00 0.66 0.09

53-55 0.00 0.00 0.10

55-57 0.00 4.03 1.62

57-59 0.00 2.20 0.00

59-61 0.00 14.11 0.00

61-63 0.00 0.71 0.00

Particulate Organic Carbon %  Drywt

 

While Ca, Mg, and K contents are significantly sensitive to physico-chemical 

conditions of the basin, TOC and TN contents indicate more the rate of nutrient supply 

from source areas.  Hierarchal cluster analyses indicate good similarities in chemical 

conditions in which nutrients and metals were deposited in the Bera Lake sediment column 

(Figs. 7.14 and 7.15). 
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Figure 7.14: Similarities in chemical media of elements and TOC and TN at Core 6 

 

Figure 7.15: Similarities in chemical media of elements and TOC and TN at Core 5 
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Figure 7.15 illustrates a significant correlation between TOC content with Ca, Ni, 

and Cd metals. Maximum similarities are seen between the accumulation of TC and Fe, 

Zn, Mn, and V metals. Class 3 is also indicator of metals bounded to the organic matters 

and which mostly enriched with existing of them.  

At the north of Bera Lake, organic-bond metals as well as Cu cluster in classes 1 

and 2. A significant positive correlation also appears between TOC and Fe, and between 

TN with Mn, and Co. These groups show high similarities in accumulation media with As, 

Ni, Cd, Ca, Cu, and V metals. Metals which cluster with nutrients, however, show 

minimum similarities with lithogenic metals in terms of chemical conditions during 

accumulation. This trend appears clearly in Figures 7.14 and 7.15 in which there is a 

negative correlation between Mg and K concentrations and TOC and TN values. Three 

influxes of organic carbon into the middle of Bera Lake were recorded at depths of 68, 40, 

and 20 cm, respectively in 1948, 1970, and 1991. The deepest peaks are related to a natural 

event or an artificial one when large amounts of POC and organic rich deposits settled. The 

second peak showed the remarkable contribution of maximum deforestation at the start of 

the FELDA projects with accumulation of a certain charcoal horizon. The youngest peak 

represents a remarkable change in chemical media of the basin and the commencement 

date of organic-rich deposition in layer 4. The TN content has also increased coinciding 

with the accumulation of organic-rich deposits. Therefore, the C/N ratio as an indicator of 

eutrophication decreased significantly and showed an upward decreasing trend in the 

middle of the Bera Lake sediment column. This shows that in situ vegetation and algae 

play minor roles in the production of organic carbon. On the other hand, the contribution of 
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forest burning and land preparation has been earlier explained. These continuous processes 

have promoted TN content in the sink area. 

Different variation trends in nutrient content were recorded in the north of Bera 

Lake in comparison with the other parts of the basin. A sharp and significant variation was 

recorded in nutrient content prior to, and after, land development projects. In this part of 

the basin, eutrophication increased in two remarkable steps. These steps appear clearly in 

the upward decrease of K and Mg as lithogenic-bond nutrients. An upward increase in 

eutrophication, started from 1973 in the sediment column at the north of Bera Lake. This 

trend reached a maximum level which coincided with the third FELDA land development 

project in 1985. A constant rate of nitrogen influx has been recorded from 1985 until the 

present-day, indicating continuous deforestation and nitrogen release to the sink areas. 

Reworked of 
137

Cs shows two peaks in agreement with influxes of nutrients into the north 

of the basin especially in 1975 and 2001, respectively.  A clear correlation in TOC, TN, 

and Ca values appeared especially from at 24 cm depth, and from 1985. An increasing 

upward trend in the C/N ratio has dominated the north of Bera Lake. There is therefore, a 

negative correlation between the middle and the north of the basin. Evidence indicates that 

chemical media in the north of Bera Lake created a condition where nutrients were 

significantly preserved in contrast to the middle of basin. According to the US Taxonomy, 

Bera Lake sediment would be classified as being high organic nitrogen sediment because 

of nitrogen enrichment.   
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7.7. Discussion 

The literature review (Section, 2.4.4) has revealed that the influx of contaminates 

can indicate an environmental changes and an independent time marker for reconstructing 

the history of lakes over the past few decades. Literature also shows that the long-term 

investigation of pollution can be separated into pre-, and post-, 1950 industrialization 

period. Long-term variations in concentrations of heavy metals in a lake sediment profile 

can be investigated by using radioisotopes. A remarkable gap in the study area (Section, 

2.4.5) was identified to be the medium-term sediment quality and ecological risk 

assessment. The multidisciplinary importance of Bera Lake especially in terms of aquatic 

life and related human health also encouraged this research to define and determine the 

Bera Lake sediment quality assessment as one of the main objectives of study. The 

research also intended to correlate environmental impacts of land use change to heavy 

metal fluxes into the Bera Lake. It was initially thought that the influx of heavy metals 

involved contaminants but this was not so when compared with sediment quality 

guidelines to determine threshold of pollution. In other words, contaminants may not 

harmful to human health when compared with the existing standard limits of pollution and 

toxins. A wide range of sediment quality standards and ecological risk assessment indices 

were used to achieve the study objectives.  

The contribution of natural and anthropogenic events has been evaluated in terms 

of their effects on the creation of dissolved loads and accumulation at Bera Lake based on 

resultant data. The sediment compositions at Bera Lake remarkably reveal the overall 

parent rock compositions. There are apparently Al-bearing deposits in the Bera Formation 

(Permian) and Triassic granite intrusion.  These rock units have been deeply weathered 
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with a thick pale, bleached layer and in situ secondary minerals.  In addition, there are 

outcrops of the Redbeds Formation (Jurassic), especially in the west and northwest of the 

study area. This formation is mainly responsible for promoting Fe contents in the soil and 

sediment profiles of the area. Macdonald (1970) identified iron-rich strata as being mineral 

ores in the Bera Lake catchment thus indicating them as iron-bearing sources for 

increasing Fe contents in the sink areas. 

Deposition of erosion-induced sediments in the Bera Lake basin started with 

deposition of a massive white sandy mud (Layer 3). There is a good agreement with the 

results of the cluster analyses and the vertical variations in sediment composition in layer 

3. The first population of elements which was associated with deposition of the white 

sandy mud involves lithogenic Na, K, Sr, Al, Li, Mg, Cr, and Pb. A deep positive 

correlation with a significant Pearson coefficient r-value existed for this metal group in all 

sections of Bera Lake. Cluster analyzing properly revealed their relationships and 

classified them in a nearest distance and similar group.  Correlation of 
210

Pb dates in the 

Bera Lake sediment column and heavy metal enrichment, implied effects of land clearing 

in FELDA projects in aggressive chemical weathering and sediment supply of exposed 

rocks. 

Based on the resultant dates, the south and main entrance to Bera Lake has 

experienced two major enrichments of heavy metals in 1986, and in 1994-1995 during the 

fourth and fifth FELDA projects, and two minor influxes of heavy metals between 1971 

and 1979, and in 1991, due to the first to third, and fifth, FELDA land development 

projects, respectively. Thus, the fourth and additional fifth FELDA land developments 

projects played a major role in exposure of weathered bed rock and the moderate to 
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significant enrichments of Ni, Cu, Cr, and Zn heavy metals in the southern part of Bera 

Lake. 

  Low contamination degrees and EF were obtained from cores in the deepest part 

of Bera Lake where the minimal to moderate EF of heavy metals especially Zn, Fe, Ni, Cu, 

Cr, and Pb is in agreement with the influx of 
137

Cs recorded in 1964, 1983, 1993, and 

appears to be controlled by anoxic conditions due to re-dissolution of heavy metals 

combined with horizontal transport to adequately oxygenated parts of the Bera Lake. 

Similar conditions of re-dissolution of major elements and 
210

Pb has been reported by 

Robbins et al., (1978) for Lake Erie. Minor peaks of enrichment of heavy metals in the 

middle part of Bera Lake are also in agreement with the dates of the third, fifth FELDA 

land development projects. 

 There is a distinct difference between the degree of contamination, EF and 

ecological risk index during both pre- and post-, FELDA land development projects in the 

northern part of Bera Lake. Contamination factors prior to land use changes in the 

catchment area were in a non-contaminated mode with the EF for all major and minor 

elements being under the factor of 2 or minimal contamination. On the other hand, three 

main influxes of heavy metals occurred in the northern Bera Lake sediment profile 

between 1971 and 1974, between 1981 and 1983, and between 1986 and 1994, during the 

first to fourth FELDA land development phases. Enrichment of heavy metals mainly 

occurred during deposition of white sandy mud sediments where Zn, Fe, As, Mn, V and Co 

has been moderately to significantly enriched. The strong affinity of As, Cr, Cu, and Ni for 

aquatic particles, particularly iron and manganese oxides is also demonstrated in their 

deposition at Bera Lake in association with these materials. This fact can be clearly 
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correlated with the significant increase of Fe and Mn concentrations in the Bera Lake 

sediment profile since 1972 after land use change. 

Sediment profile interpretation of Bera Lake and its 
210

Pb dating has emphasized 

the accumulation of organic-rich to peaty sediments in the top 20-cm (uppermost layer) of 

the sediments since 1993 due to high organic waste production associated with oil palm 

plantations. Layers with as much as 20% organic matter include roots, bark, stems, 

charcoal, and other organic debris. 

Although many local land developments have occurred during the last two decades, 

most of the original FELDA districts have been in place for quite some-time, and the 

present runoff thus mostly contains organic materials. Agricultural development in the 

catchment areas has thus dictated that the Bera Lake sediments in the wetlands will be 

biomass and other organic matter after stabilization of mature oil palm plantations. 

Organic-rich sediments are a well-known sanctuary for microorganisms to absorb 

inorganic heavy metals, which they then transform to organic forms. Cluster analyses 

revealed a clear correlation between the deposition of organic-rich sediments and a specific 

group of metals involving Fe, Mn, As, Zn, Cu, Ni, V, Co, Ca and Cd.  

Vanadium, which is known as an indicator of oil pollution (Anke et al., 2005) also 

falls into this cluster and agrees with the spread of organic-bond heavy metals. The results 

revealed that the level in sediment samples is close to its concentration in shales (100-130 

mg kg
-1

) which are one of the dominant lithologies in the catchment area. The clear 

increase in concentration of V coincided with the start of the FELDA land development 

phases. Fuel consumption is an unavoidable item for machinery during land preparation 

and plantation stages and this has released large amounts of V to the soil and sediments.  
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  Arsenic is significantly associated with contamination in the Bera Lake sediments. 

Agronomic projects and the geological setting of the study area as nonpoint sources have 

mainly contributed to the arsenic present.  Burning of biomasses land during land 

preparation is apparently responsible for the oil palm plantations promoting the arsenic 

content of Bera Lake deposits. Arsenic is present naturally in the aquatic and terrestrial 

environments owing to weathering of rock and soil. Further study, however, is needed to 

estimate the real distribution of arsenic in the Bera Lake large catchment. Arsenic appears 

in the organic-bond group of metals in Bera Lake and indicates the importance of organic 

matter in the enrichment of this metal. 

Iron and manganese oxides are well known for their ability to absorb and enrich 

other metals like As, Cr, Cu, and Ni. They play an important role in encouraging 

deposition of the other metals in the bed sediments. The fate and persistence of As, Cr, Cu, 

and Ni is also intricately connected with the fate and persistence of iron oxides.  The 

Mn/Fe ratio values for Cores 1, 2, 4, 5, and 6 revealed the important role of iron oxide at 

Bera Lake. These values are also influenced by redox conditions, pH, and microbial 

activity in the sediments.  The sediments therefore, act as an important route of exposure to 

aquatic organisms for As, Cr, Cu, and Ni. These metals account for adverse biological 

effects in the organic-rich sediments of Bera Lake. For instance, the many expected 

adverse effects by Arsenic include a decline in benthic invertebrates, mortality expansion, 

and behavioral changes (CCME, 1995). Benthic organisms are exposed to both particulate 

and dissolved forms of the metals in interstitial and overlying waters. They also exposed to 

sediment-bound As through surface contact and ingestion of sediment. Inorganic heavy 

metals are the predominant form in the sediment, the water column, and interstitial water. 
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Microorganisms in the sediments can transform inorganic forms of heavy metals into 

organic forms, which can perfectly collect in aquatic organisms. Microorganisms provide 

the biochemical link in the cycling of metals in aquatic systems. The methylated forms 

found in interstitial waters are by-products of microbial action (CCME, 1995).  

 Dose-response models expressed on the metals exposures at a particular site as 

main reason for their adverse effects. In addition, the sensitivity of individual species of 

aquatics account for adverse effects of metals. Bera Lake is a sink area which provided 

progressively enriched metals with maximum exposure to aquatics.  

A previous study (Wüst et al., 2002) and field tests indicated that the pH values of 

Bera Lake sediments and water column are between 4.4 and 5. The acidic condition may 

be the result decomposition of organic matters (release of carbon dioxide) and the 

incremental addition of SO4 (sulfate) and NO3
2- 

ions, leading to a reduction in the 

exchangeable cations ratio, i.e., (K+Na)/(Ca+Mg), and organic matter preservation in the 

uppermost layer of the sediment profile (Wüst et al., 2002). In such conditions, bottom-

dwelling decomposing bacteria begin to die off and leaf litter and dead plant and animal 

materials begin to accumulate (CCME, 1995).  With regards to heavy metals, the degree to 

which they are soluble usually determines their toxicity. A rule of thumb indicates that the 

lower the pH, the more toxic the metal as they are more soluble and enter to the food chain. 

The first contribution of this research to knowledge was the introduction of the 

background values (Table 7.1) of each individual metal which can be used for ecological 

risk assessments at any natural and artificial lake in Malaysia. Normalizing metals using 

the Al value is recognized as being much better than using the Li. Background values were 

calculated for individual metals with minor uncertainty. The validity of background values 
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was well confirmed by ecological risk assessment indices in which they successfully 

revealed any anomalies and variations in the Bera Lake sediment columns. 

In addition, the results have confidently supported the capability of the selected 

methods in achieving the research objectives. The research has remarkably contributed to 

knowledge in terms of the emphasizing of EF and the exchangeable cation ratio between 

other contamination factors as the best indicators of anthropogenic activities at any lake 

sediment profiles. The lowest capability in order to show effects of land use changes or 

influx of heavy metal was recognized for Index of geoaccumulation.  

Identification of the most toxic metals between the analyzed major and minor 

elements has been another achievement of the present research. Places in Bera Lake where 

contamination was above the upper pollution threshold were revealed in this research 

project. The study also remarkably emphasized that Fe, Mn, Co, Ni, Cd, Cu, Ca and Zn are 

the best indicators of organic matter enrichment under acidic conditions. On the other 

hand, lithogenic K, Na, Sr, Al, Li, Mg, and Pb metals can be used as indicators of land use 

change in further studies especially in Malaysia. This study therefore, has appropriately 

introduced the best materials and methods for further ecological risk assessments in 

Malaysia and in so doing has achieved one of the objectives of the project. Decision 

makers at the RAMSAR site can therefore, now find answers to their questions on why the 

fish population has dramatically decreased in Bera Lake and why seasonal emigrant birds 

do not choose the wetlands and open waters of the area.  

Land use changes have seriously affected the nutrient cycle in the wetlands and 

open waters. Interruption in natural accumulation trends has been remarkably illustrated in 

the historical study of nutrient contents in the Bera Lake sediment columns. Different rates 
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of eutrophication in the middle and north of Bera Lake have also emphasized the effects of 

morphological and hydrological factors in creating semi-closed areas and increasing 

nitrogen enrichment. 

In the tropics, intense chemical weathering and leaching of minerals leads to a 

shortage of nutrients. Nutrients are therefore, limited and plants adopt ability for strong 

nutrient recycling (Reading, 1995). Land development projects at Bera Lake catchment 

have significantly promoted nutrient release and redistribution. The upward decreasing 

trend in the C/N and exchangeable cations (K+Na)/(Ca+Mg) ratios at the middle of Bera 

Lake clearly emphasizes the effects of land development projects in upward increasing 

eutrophication. A similar C/N ratio trend has been reported by Wüst and Bustin (2001) 

from areas in the south of the Bera lake catchment where water discharge is relatively 

proper. Wüst and Bustin (2001) have stated that low C/N values indicates low bacterial 

activity and low organic matter decomposition. 

On the other hand, nutrients like TOC, particulate organic carbon and nitrogen were 

properly conserved after the onset of land development projects. Two clear shortages in 

nitrogen contents have been appeared during the first and third FELDA projects. The 

overall chemical results like exchangeable cation ratio, dissolved oxygen and pH have 

demonstrated a good media for conservation of nutrients at the north of Bera Lake since 

1980 (Fig. 7.16). In addition, the increased production of biomass from clear-cutting of 

existing forests and after establishment of mature oil palm plantations has resulted in an 

influx of organic carbon into wetlands and open waters. The results showed that significant 

conservation of nutrients in the south and middle of the study area only commenced later 

from 1991 (Fig. 7.17).  
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Figure 7.16: Clear increment of organic carbon at the north of Bera Lake since 1980 

The C/N ratio has increased to a value of 24; a value similar to that at Paya Belinau 

in the south of the study area as reported by Wüst & Bustin (2001). The lower hydrological 

circulation in those semi-closed basins seemingly leads to minor DO and more anoxic and 

acidic depositional media. Cluster analyses revealed a negative association of lithogenic 

metals in the organic-rich mud in the uppermost layer of the Bera Lake sediment column. 

Low mineralization of organic material is an expected process in this part of the Bera lake 

sediment profile. The fixation of potassium (K) and sodium (Na) entrapment at specific 

sites between clay layers tends to be lower under acid conditions. In such situations, 

calcium (Ca) which is known as an organic bound element can exchange potassium 

position. This means that after the onset of land development projects, the potassium 

availability has increased and led to increases in vegetation cover especially Pandanus 

over the Bera Lake wetlands and open waters.  
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Figure 7.17: Nitrogen content in Bera Lake and deforestation phases  

This process is more common in the north of the study area than in other parts. The 

Bera Lake water quality analyses furthermore, showed a remarkable northward increase in 

NO3
-
 contents which indicate eutrophication. 

210
Pb dates using the CRS model have been 

verified by the stratigraphic nutrient dates and charcoal horizons. The overall dept-wise 

variation in nutrient contents also appears to be in good agreement with anthropogenic 

activities in the catchment area. Thus present study has adequately answered questions 

about the environmental impacts of land use changes on nutrient redistribution.  The 

unique destiny of nutrients which have been released from source areas during and after 

FELDA projects have been shown in this research. Significant recycling of nutrients is 

found in the uppermost layer of the Bera Lake sediment column as organic-rich deposits. 
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