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Abstract—The sedimentation study on the upstream reach of Pahang River is located in the Bentong River Basin. The detail hydrographic
survey for each river in the Bentong River Basin was carried out in May 2016. Nine stations were selected to represent the sediment
concentration at Bentong River, Pahang, Malaysia. Bentong River Basin is one of the river catchment in Pahang River Basin, Malaysia.
Before this, Bentong River deterioration in water quality, resulting from the sedimentation problems and unsustainable development
management around the river basin. This study was implemented to prove the sedimentation problem, especially the formation of Total
Suspended Solid (TSS) in the Bentong River. There are two important parameters were quantified in this study such as the concentration
of suspended solid (mg/L) and the river discharge (Q) values (m³/s). The method used in this study to analysis the concentration of TSS
using Gravimetric Method. The result showed the sedimentation in the Bentong River was unstable and the highest of TSS up to 367.6
mg/L that is categorized under the class V which > 300 mg/L based on the National Water Quality Standard (NWQS) result showed the
coefficient correlation between the observed Q and the TSS concentration in the Bentong River is significant R² = 0.919, there are strong
positive relationship between TSS concentration production and the river discharge value in the Bentong River. The study found that the
contributors to the high sedimentation problems resulting from the sediments generated from the unsustainable land use, which
effectively trapping the bed sediments, rainfall intensity, backflow that carries out high sediments as well as sedimentation produced due
to the river bank erosion.
Keywords— sedimentation; Bentong River; climate; total suspended solid; river discharge; gravimetric method

moved and deposited in a new location. Sediment consists of
rocks and minerals as well as the remains of plants and
animals, and all the materials were deposited and will
become sediments [4], [5].
Thus, the study was carried out to identify the sediment
yield and determine the factors influencing sediment
mobility in Bentong River. Processes of erosion, transport,
influence sedimentation and deposition and these processes
interact along the river to the estuary [6]-[8]. The speed of
water flows is the main factor, which affected the capacity to
transport the sediment and the sediment movement. So, the
processes of deposition of sediment depend on the river
discharge and the speed of the river flow [6]-[10].

I. INTRODUCTION
River surface water studies are among the preliminary
topics in Malaysia, which provide an overview of the
sedimentation problems on the specified river.
Sedimentation is a problem that often occurs in the rivers in
Malaysia, especially on the main river. Almost 60% of the
rivers in Malaysia are regulated for domestic, farming and
agricultural, industrial fields, residential, sewage disposal
and urbanization the major pollution sources influencing the
river equilibrium in Malaysia [1]. Sedimentation is the
process of bringing the material of erosion by water, wind or
glaciers [2], [3]. Sediments are a solid material, which
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The theory of hydrology described when the higher
discharge value and lower the water velocity, the higher
amount of sediment load deposited in the downstream area.
The action involves the process of erosion, transport, and
sedimentation is normal along the river [11]. TSS is a
measure of material that is suspended solid on the surface of
the water. Most of TSS in the Bentong River is sediment
from runoff and bank erosion and makes the water look
muddy. The DOE-NWQS rating scale designates < 25 mg/L
as class I, 25-50 mg/L as class II, 50-150 mg/L as class III,
150-300 mg/L as class IV and > 300 mg/L as class V [8],
[12].
This study also to determine the factors influencing
sediment movement. The rivers are very important sources
for humans and other organisms as they are needed essential
resources for living, especially at the Bentong River [2]-[4],
[13]. The sedimentary content and the quality of water were
influencing the condition of the river. Then, the frequency
and intensity of rainfall in the Bentong River influenced the
water level flow and the rates of the erosion process. The
positive relationship between the rate of the side and
riverbank erosion proposed to increase the sediment
production. The velocity of water an important role in the
erosion activity and sediment production, the velocity

depends on the intensity of rainfall. Generally, the high rate
of speed and volume of water, the strong erosion rates [7],
[14], [15].
II. MATERIAL AND METHOD
The Pahang River is the main river that flows through the
state of Pahang, Malaysia. The river begins at the confluence
of Jelai and Tembeling rivers in the Titiwangsa Mountains
and drains into the South China Sea. At 459 km in length, it
is the longest river on the Peninsula Malaysia. Bentong
River is one of the river basins of Pahang River. There are 5
sub basins selected in this study which are Bentong River,
Perting River, Chamang River, Repas River and Panjuring
River. The extensive human activities such as farming and
agricultural, mining, residential, urbanization logging, and
industrial have adversely affected to the Pahang River
ecosystem (Fig. 1). The sedimentation problems caused the
river became more shallow and give a negative impact on
the benthic ecosystem and the flora and fauna in the area
around this river [16]. The annual increase of suspended
sediment load has given bad impact on the drainage system
of Pahang River.

Fig. 1 Land use at Chamang sub basin (Chamang River) in Bentong River Basin

This research is focused on the analysis of sedimentation
processes that occur around the Bentong River on the impact
of anthropogenic and geomorphology factors such as human
activities and hydrological impacts. The movement process
of sediment problems one of the factors to the management
problems of the river in Malaysia. The primary data and
observations during the fieldwork in this research and the

results obtained from the fieldwork analysed in the
laboratory. 12 sampling stations that have been determined
using DGPS were selected (Table 1 and Fig. 2), but the
water samples only taken at the 9 stations. It is because of
climate problems happened and safety reasons, especially
during ‘headwater’ or ‘kepala air’ phenomenon.

TABLE I
LOCATION OF SAMPLING STATIONS AT THE BENTONG RIVER

Sub Basin
1

River Name
Bentong
River

2

Perting
River

3
4
5

Chamang River
Repas River
Panjuring River

Station
SA1
SA8
SA8a
SA11
SA2
SA3
SA4
SA5
SA6
SA7
SA9
SA10
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Longitude
101°54'45.76"E
101°54'6.37"E
101°53'59.89"E
101°52'50.01"E
101°54'26.31"E
101°52'30.46"E
101°49'43.33"E
101°49'40.35"E
101°48'54.41"E
101°53'55.81"E
101°53'26.00"E
101°52'46.57"E

Latitiude
3°31'10.00"N
3°31'54.27"N
3°32'3.28"N
3°36'45.58"N
3°31'3.82"N
3°30'35.60"N
3°30'56.89"N
3°30'54.37"N
3°30'3.43"N
3°31'39.19"N
3°32'58.67"N
3°36'47.04"N

Fig. 2 Location of sampling stations at the Bentong River

The river cross section and the water velocity (V) for each
station were taken using a few hydrological apparatus such
as current meter, depth measuring standard, measuring tape
and stake. The discharge value (Q) is the product of velocity
and cross-section area (A). The cross section area is derived
from the product of depth (d) and width (w), the cross
section area is trapezium or triangular shaped and the value
is half the product referring Equation (2) and (3), which are
due to the imprecision of the current meter, variability of the
river flow velocity over the cross section and uncertainty in
the estimation of the cross section geometry (refer Equation
(4) and Fig. 3).

The water samples were taken from each station and kept
in the 500ml bottles to find the TSS. The Gravimetric
method was used to analysis the TSS measured in mg/L. In
lab analysis, about 250 ml water sample was needed for
each study area (each station). TSS measurement was
performed by weighing the membrane filter paper 0.45µm
one by one and the reading was taken. Firstly, weighing the
membrane filters using electronic weighing, then a
membrane filter was placed onto a filtration apparatus
(Nalgene, U.S.A) which connected to a vacuum pump and
clipped in place. The 250ml river water sample lowly
poured into the filtration jar, the membrane filter was
removed and allowed to dry in the drying jar. Once the
membrane filter paper is dried, it is weighed to get the
reading. TSS is measured by mg/L unit based on Equation
(1). Precisely precaution steps should be taken when the
river water sample was taken. Interference of the river water
flow should be minimum to avoid deposition of the
measured suspended sediment.

Cross section area (A)
A = dw (m) or A = ½ dw (m)
∑ A1 + A2 + A3 + A4
Discharge value (Q)

{( w eight of m em brane filter + dry residure)
− w eight of m em brane filter}(m g ) × 1000
TSS =
V olum e of filtered w ater (m L )
−1

= mg L

Q = vA, or Q = ½ vA
Q = m3 sec-1

(3)

To obtain the unit L day-1, the following formula is used

/ 1000 / 1000 / 1000

= tonne L− 1

(2)

Q = m3 sec-1 × 86400 sec day-1 × 1000 L m-3
= L day-1

(1)
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(4)

The river discharge value (Q) Bentong River, which
includes Sub Basin Perting River, Sub Basin Chamang
River, Sub Basin Repas River and Sub Basin Panjuring
River. The highest value of discharge value is 6.7877 m³/s at
Station SA3, which located in the middlestream of basin
nearby upstream area. The situation is normal reading for a
river, the water velocity in the elevated downstream is lower
than the upstream. The impact of ‘headwater’ or ‘kepala air’
phenomenon at the SA5 and SA6 caused TSS concentration
and discharge value at SA3 and SA4 higher than
downstream station (SA8, SA9, SA10 and SA11). The
excess water flows out during the heavy rainfall caused the
water became very cloudy (Fig. 5). Relatively, there is a
natural [26] correlation between the river discharge and
TSS, river discharge rate is one of a factor-affected mobility
or concentration of TSS, the higher the velocity, the higher
the amount of sediment production [20].
Basically, increased the value river discharge will
increase the production of total suspended solid and
sediment load. However, the frequency and intensity of
rainfall, land use activities around the basin, erosion, climate
changes and other factors will affect the TSS and sediment
load production [21]-[24].

Fig. 3 The theoretical of discharge measurement by cross-section of the
river

III. RESULTS AND DISCUSSION
The density of water at forest canopy is the main role
towards reducing the surface erosion, which contributes to
sediment load in Bentong River. When the water flow in a
basin increased, the total suspended solid will also increase
because the higher flow contains the strong energy to move
the higher concentrated the suspended sediment load
compared to the low flow. The high water flow also
increased the rate of river erosion [17]-[19]. TSS to
determine whether the status of water quality clean,
moderately polluted or contaminated. TSS is an indicator to
classify the river in Class I, II, III, IV or Class V based on
the National Water Quality Standard for Malaysia (NWQS)
every year [16].
Fig. 4 showed the highest amount of TSS at Station SA3,
SA4 (Perting River) and SA8 (Repas River), 367.6 mg/L,
204 mg/L and 97.2 mg/L respectively. The minimum level
amount of suspended sediment at Station SA7 (Chamang
River) is 5.6 mg/L. The result shows the TSS production
classified the SA1, SA7, SA9, SA10 and SA11 as class I,
SA2 as class II, SA8 as class III, SA4 as class IV and SA3 as
class V. From the result, the difference amount level of TSS
at Bentong River affected by the human activities around
river basin, rainfall intensity, riverbank erosion and climate
changes along the river basin especially at SA3 and SA4
(impact of the ‘headwater’ or ‘kepala air’ phenomenon,
which occurs around area SA5 and SA6).

(a)

(b)
Fig. 5 a) Before heavy rainfall b) after heavy rainfall (the water became
very cloudy)

Fig. 4 The Total Suspended Solid (TSS) at the Bentong River
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There are high significant relations of R2 = 0.919 shows in
Fig. 6. This correlation showed a high positive relationship
between Q and TSS. The increase in Q caused an increase in
TSS, but this result proved that the Q was not the main
factor to the increased of TSS. From this research, the
production of TSS not only depends on the Q but also
depends on the others geomorphology factors especially
climate factors. Sedimentation is a complex problem in
tropical areas as soil erosion due to the very high rainfall
contributes to it especially during the unbalance climates
happened.
Through the long-term research on changes in suspended
sediment concentration load and taking into the weather
variable caused by changes in climates. In Table 2, the
discharge value (Q) at Station SA3 at the middle stream
Bentong River showed the highest value at 6.7877 m³/s. It is

because the data were collected after the heavy rainfall
happened. In the normal reading through the hydrological
theory, where the discharge value (Q) or water velocity in
the elevated upstream is higher than the downstream. The
daily suspended sediment yield was calculated to estimate
the TSS ton per day. The highest daily suspended sediment
load was caused by highest discharge value and the highest
suspended yield, the highest value of estimated TSS
(tonne/day) or suspended sediment load at Station SA3,
215.5817 tonne/day. For the Station SA2 and SA4, the river
discharge data could not be taken because there are some
problems to get the data effect by ‘headwater’ or “Kepala
Air” phenomena (Fig. 7). Other factors also including such
as the dumping garbage and waste domestic from domestic
activities and urbanization areas.

Fig. 6 The Regression of Total Suspended Sediment (TSS) and River Discharge (Q)
TABLE II
ESTIMATED SUSPENDED LOAD IN THE BENTONG RIVER

Stations
SA1
SA2
SA3
SA4
SA5
SA6
SA7
SA8a
SA8
SA9
SA10
SA11
Average

TSS (mg/L)
10.4
29.6
367.6
204
5.6
97.2
23.6
14.8
22.8
86.1778

Q (m3/s)
2.05175
6.7877
0.1617
1.881
0.33953
0.28285
0.80056
1.75787

Estimated Q (L/day)
177,271,200
586,457,280
13,970,880
162,518,400
29,335,392
24,438,240
69,168,384
151,879,968

Estimated TSS Tonne Per Day (Tonne/Day)
1.84362
215.5817
0.0782
15.7968
0.69232
0.36169
1.57704
33.7045

Fig. 7 ‘Headwater’ or ‘Kepala Air’ phenomena in Station SA5 and SA6 flow out to SA4, SA3, and SA2
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IV. CONCLUSION
For the overall, the study showed that the suspended
sediment yield and the sedimentation problem of Bentong
River were stable. From observation during the fieldwork,
the sedimentation occurs in Bentong River caused by the
land use activities, urbanization and bank erosion along the
river basin. Therefore, the prevention and the step towards
the need to do with the authorities and the communities as
the responsibility for thus environmental issues. This
research can be enlightening the public about the importance
of the environment, especially rivers. The law enforcement
is expected to be carried out, especially to land use activists
around Bentong River to preserve and conserve this priceless
treasure. Without control of the strategic will disrupt the
river ecosystem in the long term and it will give a negative
impact on the environment and society. The increasing the
sedimentation could lead to increase the turbidity and the
odors of water.
The values of river discharge (Q) at the Bentong River are
the primary factor that affected the sediment mobility. The
increased rate of water flow could cause the suspended
sediment yields. The suspended sediment yield was related
to the incidence of rainfall that which affected the increasing
value of river discharge. From this research proved the
sedimentation problem in the Bentong River not only caused
by the flow rate of water, but the land use was also
contributed to the increasing levels of sediment [25].
Therefore, management and control approach must be
thought out and conducted to address these issues before
they become more serious as one of the conservation method
was suggested to reduce this problem. This suggestion is
only based on the scientific study performed by a group of
researchers, more thorough and detailed studies about this
problem need to be carried out.
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