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Abstract

	 The aims of this study were to determine the relationship between seasonal variations (wet and dry periods) on  
sedimentation loads and to identify the yearly trend of sedimentation loads at Chalok River, Terengganu, Malaysia from 2003 
to 2008. It was found that wet and dry periods influenced the transportation of suspended sediment into the river signifi-
cantly. The highest suspended sediment loads at Chalok River occurred during the wet period when the intensity of rainfall 
is high. Besides, the rainfall, water level, stream flow and suspended sediment loads also were analysed using Spearman 
correlation to identify their relationships. The results showed significant positive relationship between suspended sediment 
loads with rainfall (r = 0.664, p<0.05), water level (r = 0.923, p<0.05) and stream flow (r = 0.919, p<0.05). Multiple linear  
regressions revealed 63% of high suspended sediment loads at Chalok River can be explained by rainfall, water level 
and stream flow. The trends of rainfall, water level, stream flow and suspended sediment loads were analysed by using  
Mann-Kendall trend test where the results showed that there is a significant increasing trend for suspended sediment loads 
but no significant increase trend for rainfall, water level and stream flow over the studied periods. It is evident that the evalu-
ations conducted in this study are useful in providing better understanding and reliable conclusion on the basis of seasonal 
variations and other environmental variables that affect the sedimentations loads in the river. Such effort provides holistic 
information for effective and wise management policy of river basin management in the future. 
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Abstract

The aim of the present study was to standardize and to assess the predictive value of the cytogenetic analysis
by Micronucleus (MN) test in fish erythrocytes as a biomarker for marine environmental contamination. Micronucleus
frequency baseline in erythrocytes was evaluated in and genotoxic potential of a common chemical was determined
in fish experimentally exposed in aquarium under controlled conditions. Fish (Therapon jaruba) were exposed for 96
hrs to a single heavy metal (mercuric chloride). Chromosomal damage was determined as micronuclei frequency in
fish erythrocytes. Significant increase in MN frequency was observed in erythrocytes of fish exposed to mercuric
chloride. Concentration of 0.25 ppm induced the highest MN frequency (2.95 micronucleated cells/1000 cells compared
to 1 MNcell/1000 cells in control animals). The study revealed that micronucleus test, as an index of cumulative
exposure, appears to be a sensitive model to evaluate genotoxic compounds in fish under controlled conditions.
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1. Introduction

In India, about 200 tons of mercury and its
compounds are introduced into the environment
annually as effluents from industries (Saffi, 1981).
Mercuric chloride has been used in agriculture as a
fungicide, in medicine as a topical antiseptic and
disinfectant, and in chemistry as an intermediate in
the production of other mercury compounds. The
contamination of aquatic ecosystems by heavy
metals and pesticides has gained increasing attention
in recent decades. Chronic exposure to and
accumulation of these chemicals in aquatic biota
can result in tissue burdens that produce adverse
effects not only in the directly exposed organisms,
but also in human beings.

Fish provides a suitable model for monitoring
aquatic genotoxicity and wastewater quality
because of its ability to metabolize xenobiotics and
accumulated pollutants. A micronucleus assay has
been used successfully in several species (De Flora,
et al., 1993, Al-Sabti and Metcalfe, 1995). The
micronucleus (MN) test has been developed
together with DNA-unwinding assays as
perspective methods for mass monitoring of
clastogenicity and genotoxicity in fish and mussels
(Dailianis et al., 2003).

The MN tests have been successfully used as
a measure of genotoxic stress in fish, under both

laboratory and field conditions. In 2006 Soumendra
et al., made an attempt to detect genetic biomarkers
in two fish species, Labeo bata and Oreochromis
mossambica, by MN and binucleate (BN)
erythrocytes in the gill and kidney erythrocytes
exposed to thermal power plant discharge at
Titagarh Thermal Power Plant, Kolkata, India.

The present study was conducted to determine
the acute genotoxicity of the heavy metal compound
HgCl2 in static systems. Mercuric chloride is toxic,
solvable in water hence it can penetrate the aquatic
animals. Mutagenic studies with native fish species
represent an important effort in determining the
potential effects of toxic agents. This study was
carried out to evaluate the use of the micronucleus
test (MN) for the estimation of aquatic pollution
using marine edible fish under lab conditions.

2. Materials and methods

2.1. Sample Collection

The fish species selected for the present study
was collected from Pudhumadam coast of Gulf of
Mannar, Southeast Coast of India. Therapon
jarbua belongs to the order Perciformes of the
family Theraponidae. The fish species, Therapon
jarbua (6-6.3 cm in length and 4-4.25 g in weight)
was selected for the detection of genotoxic effect
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1. Introduction

	 Seasonal variation of precipitation can affect 
the physical, biological and chemical characteristics 
of hydrological systems (Billota and Brazier, 2008; 
Prathumratana et al., 2008). An example can be illustrated 
through the high intensity and long duration of  
rainfall which affected the river system by increasing 
the sedimentation loads in the river (Wang et al., 2007; 
Ya-ning et al., 2007; Prathumratana et al., 2008; Zhang  
et al., 2008; Bogen, 2009). The increasing of  
sedimentation loads in the river has caused many  
environmental  problems such as degrading 
water quality by (i) carrying pollutants (i.e. heavy  
metals and pesticides) and nutrients (i.e. phosphorus and 
nitrogen), (ii) reducing the penetration of light because 
of turbidity and (iii) decreasing the river depth when 
sediments are deposited in the river (Singh et al., 2007; 
Billota and Brazier, 2008; Ward et al., 2009; Nu-fang  
et al., 2011; Park et al., 2011). High suspended sediment 
concentrations in the river also can affect the aquatic 
organisms by clogging the gill of the fish, interfering 

in their natural movement and migration and disturbing 
the development of eggs and larvae by reducing the 
concentrations of dissolved oxygen in the river (Watts 
et al., 2003; Billota and Brazier, 2008).
	 The transportation of sediment to the river can be 
classified into three types; (i) overland flow, (ii) rainfall 
impact, and (iii) combination between overland flow 
and rainfall impact (Beuselinck et al., 2002). The rate 
of soil detachment is depending on the rainfall intensity, 
diameter of rain drops and erodibility of soil surface. 
The smaller drops and lower rainfall intensity will 
lead to less efficient in sediment removal from the soil 
surface. The small particles of sediment that detached 
by rainfall impact become suspended in the overland 
flow and transported downslope while larger particles 
of sediment are transported to the river by rolling over 
the bed. Human activities and changes of land use have 
potential to cause the variability of sediment loads  
recorded at the river (Walling and Fang, 2003; Le          
et al., 2007; Ward et al., 2009; Peng et al., 2010; Naik 
and Jay, 2011; Miao et al., 2011; Thothong et al., 2011). 
The changes of land used can alter the velocity of  
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water, whether in the form of streams or overland flow, 
by changing the slope or gradient and the roughness 
encountered by the flow which affects sediment loads 
(Chen et al., 2007). Moreover, removal of vegetative 
cover and the breakdown of soil structures through 
compaction and loss of organic matter often reduced 
the infiltration, thus accelerate runoff and transportation 
of sediment to the river. The amount and size of soil 
particles transported increase as the volume and velocity 
of runoff increases (Beuselinck et al., 2002).
	 Investigating and understanding the processes 
of suspended sediment transport are necessary and 
imperative in controlling the soil erosion by applying 
suitable mitigation practices to reduce the suspended 
sediment loads in the river, hence it will improve the 
surface water quality (Nu-fang et al., 2011). In addition, 
detection of temporal trends of rainfall intensity and 
sediment loads is the most important objectives of  
environmental monitoring since trend detection provides 
useful information for sustainable development and 
long term planning of water resources (Ya-ning et al., 
2007). The purposes of this study are to determine the 
possible effects of seasonal variations of rainfall on 

sedimentation loads and to identify the yearly trend of 
sedimentation loads at Chalok River from 2003 to 2008. 
This study also analyse the relationship between stream 
flow and water level with sedimentation loads.

2. Materials and Methods

2.1. Site description

	 The study was conducted at Chalok River which 
is situated in the Setiu catchment area, Terengganu,  
Peninsular Malaysia. The Chalok River is located 
between latitudes 5º 23’ 45” and 5º 27’ 15” North and 
longitudes 102º 48’ 10” and 102º 50’ 45” East. The 
average annual rainfall at Chalok River was 3673 mm 
for the year 2003 to 2008. The Chalok River is a small 
coastal basin area (20.5 km2) and approximately 6.0 
km x 3.5 km wide (Fig. 1). The length of the river is 
6.9 km and flow to the north to meet the Bari River 
before discharging into the South China Sea. The area is  
covered mainly by rubber plantation and some  
agricultural crops such as vegetable farms (Fig. 2). 
 	

Figure 1. Location of Chalok River, Setiu, Terengganu

Terengganu 
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2.2. Sample collection and analyses

	 Data used in this project are rainfall, suspended 
sediment load, water level and stream flow of Chalok 
River, Terengganu. All the data were obtained from 
Department of Irrigation and Drainage Malaysia (DID). 
Data was analysed by using XLSTAT. Seasonal and 
monthly rainfall, water level, stream flow and suspended 
sediment loads at Chalok River were analysed within 
the study period from 2003 to 2008.
	 From cluster analysis, the months with the highest 
rainfall intensity were considered as wet period. 
While months with the lowest rainfall intensity were  
considered as dry period. Relationship between the 
dependent variable (suspended sediment loads) and 
independent variable (rainfall intensity) were analysed 
by using Spearman correlation. Besides, water level 
and stream flow were also analysed to investigate the 
relationship with the suspended sediment loads at  
Chalok River. Analysis of relationship between  
suspended sediment loads with rainfall, water level and 
stream flow can assist in identifying the factors and  
processes that involve in sedimentation loads (Nu-fang 
et al., 2011). Additionally, multiple linear regressions 
were also used in this analysis. It was carried out to  
predict the values of a suspended sediment loads (y) 
given by a set of rainfall intensity, water level and 
stream flow (x1, x2, x3). The relationship between  
suspended sediment loads with rainfall intensity, water 
level and stream flow are represented by the following 
equation:

	 The null hypothesis in Mann-Kendall trend test 
states that there is no trend of the data in the time of 
series. This test is based on the statistic S and defined 
as followed,

	 If the data set is identically and independently 
distributed, then the mean of S is zero and the variance 
of S is:
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Where the O 1 3 are the coefficient related to the rainfall, water level 
and stream flow to the variables of interest. ANOVA also was used to identify the mean differences of 
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where n is represent for the length of the data set, t for the extent of any given time and 
summation over all times. The magnitude of the trend is given as:

ij,
j-i

 x-xMedian ji
(5)

slope of trend. A plus sign is recorded when a value of a given 
variable in time is larger than the preceding one while the minus sign is recorded when the value is smaller 
than the preceding one. The plus or positive sign indicates an increasing trend. In contrast, minus or 
negative sign which stand for a decreasing in the variables at a given time. The zero sign indicates no 
change over the time. The null hypothesis is accepted when the zero sign is recorded. The significance 
level at 0.05 is used in this study. 

Figure 3. Monthly rainfall and suspended sediment loads at Chalok River (2003-2008) 
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	 where the x and xi are the sequential data values 
and and n is the length of the data set, and

	 where n is represent for the length of the data set, 
t for the extent of any given time and ∑ for summation 
over all times. The magnitude of the trend is given 
as:

	 in which 1<j<i<n and β is the slope of trend. A plus 
sign is recorded when a value of a given variable in time 
is larger than the preceding one while the minus sign is 
recorded when the value is smaller than the preceding 
one. The plus or positive sign indicates an increasing 
trend. In contrast, minus or negative sign which stand 
for a decreasing in the variables at a given time. The 
zero sign indicates no change over the time. The null 
hypothesis is accepted when the zero sign is recorded. 
The significance level at 0.05 is used in this study. 

3. Results and Discussion

3.1. Seasonal and monthly variation of rainfall,  
suspended sediment loads, water level and stream 
flow

	 Fig. 3 shows the monthly rainfall intensity and 
suspended sediment loads at Chalok River during the 
study period from 2003 to 2008. It can be observed  
that the rainfall intensity influenced the suspended 
sediment loads at the Chalok River. The monthly mean 
evaluation of the rainfall and suspended sediment loads 
from 2003 to 2008 at the Chalok River is demonstrated 
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	 Where the βO is a constant term and β1 to β3 are 
the coefficient related to the rainfall, water level and 
stream flow to the variables of interest. ANOVA also 
was used to identify the mean differences of suspended 
sediment and rainfall within years (2003 to 2008) and 
seasons (wet and dry periods). The null hypothesis 
stated that there are no mean differences of variables 
while the alternate hypothesis stated that there are mean 
differences between the groups. 

2.3. Trend analysis

	 The Mann-Kendall trend test was used in order to 
define the trends in suspended sediment loads, as well 
as intensity of rainfall, water level and stream flow of 
Chalok River. This test was used in this study because 
a non-parametric test is more suitable for non-normally 
distributed data, not affected by the actual distribution 
of the data and less sensitive to the outlier compared to 
parametric test (Yue et al., 2002; Ya-ning et al., 2007; 
Juahir et al., 2010; Yenilmez et al., 2011).

2.2. Sample collection and analysis

Data used in this project are rainfall, suspended sediment load, water level and stream flow of 
Chalok River, Terengganu. All the data were obtained from Department of Irrigation and Drainage 
Malaysia (DID). Data was analysed by using XLSTAT. Seasonal and monthly rainfall, water level, stream 
flow and suspended sediment loads at Chalok River were analysed within the study period from 2003 to 
2008.

From cluster analysis, the months with the highest rainfall intensity were considered as wet 
period. While months with the lowest rainfall intensity were considered as dry period. Relationship 
between the dependent variable (suspended sediment loads) and independent variable (rainfall intensity) 
were analysed by using Spearman correlation. Besides, water level and stream flow were also analysed to 
investigate the relationship with the suspended sediment loads at Chalok River. Analysis of relationship 
between suspended sediment loads with rainfall, water level and stream flow can assist in identifying the 
factors and processes that involve in sedimentation loads (Nu-fang et al., 2011). Additionally, multiple 
linear regressions were also used in this analysis. It was carried out to predict the values of a suspended 
sediment loads (y) given by a set of rainfall intensity, water level and stream flow (x1, x2, x3). The 
relationship between suspended sediment loads with rainfall intensity, water level and stream flow are 
represented by the following equation:

iiii exxx 332211iy (1) 

Where the O 1 3 are the coefficient related to the rainfall, water level 
and stream flow to the variables of interest. ANOVA also was used to identify the mean differences of 
suspended sediment and rainfall within years (2003 to 2008) and seasons (wet and dry periods). The null 
hypothesis stated that there are no mean differences of variables while the alternate hypothesis stated that 
there are mean differences between the groups. 

2.3. Trend analysis

The Mann-Kendall trend test was used in order to define the trends in suspended sediment loads, 
as well as intensity of rainfall, water level and stream flow of Chalok River. This test was used in this 
study because a non-parametric test is more suitable for non-normally distributed data, not affected by the 
actual distribution of the data and less sensitive to the outlier compared to parametric test (Yue et al.,
2002; Ya-ning et al., 2007; Juahir et al., 2010; Yenilmez et al., 2011).

The null hypothesis in Mann-Kendall trend test states that there is no trend of the data in the time 
of series. This test is based on the statistic S and defined as followed,
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of annual rainfall was 3672.64 mm, when distributed among the twelve months in 2003 to 2008. The 

in Fig. 4. In this study period, the total mean of annual 
rainfall was 3672.64 mm, when distributed among 
the twelve months in 2003 to 2008. The months with 
the highest rainfall intensities were recorded during 
November (607.20 mm) and December (709.27 mm). 
The lowest mean of rainfall intensities were observed 
during February (138.12 mm) and April (108.18 mm). 
From the cluster analysis, November and December 
were classified as the wet period which contributed to 
the highest mean of rainfall intensity while February 
and April as dry period which contributed to the lowest 
mean of rainfall intensity within study period (2003 
to 2008). The highest mean of the total annual  

months with the highest rainfall intensities were recorded during November (607.20 mm) and December 
(709.27 mm). The lowest mean of rainfall intensities were observed during February (138.12 mm) and 
April (108.18 mm). From the cluster analysis, November and December were classified as the wet period 
which contributed to the highest mean of rainfall intensity while February and April as dry period which 
contributed to the lowest mean of rainfall intensity within study period (2003 to 2008). The highest mean 
of the total annual suspended sediment loads were recorded during the wet period (November, 26 tonnes). 
However, the suspended sediment loads have been decreased from 26 tonnes (November) to 19.5 tonnes 
(December). April recorded the lowest mean of total annual suspended sediment loads with 1.30 tonnes.

Figure 4. Monthly mean evolution of rainfall and suspended sediment loads (2003-2008)

Figs. 3 and 4 clearly show that, the suspended sediment loads had increased during the wet 
periods and decreased during the dry periods. Meanwhile during December, the suspended sediment loads 
had decreased because of the dilution by the high rainfall intensity (Park et al., 2011). Further, the 
decrease of suspended sediment loads in December is also can be due to the increasing of soil surface 
protection by water layer. The impact of the rainfall on the soil surface is decreased when critical depth of 
soil is reached and exceeded which resulted an accumulation of water on soil surface (Beuselinck et al.,
2002; Hogarth et al., 2004). During the wet period, high intensity and long duration of rainfall can cause 
flood event.
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suspended sediment loads were recorded during the wet 
period (November, 26 tonnes). However, the suspended 
sediment loads have been decreased from 26 tonnes  
(November) to 19.5 tonnes (December). April recorded 
the lowest mean of total annual suspended sediment 
loads with 1.30 tonnes.
	 Figs. 3 and 4 clearly show that, the suspended 
sediment loads had increased during the wet periods 
and decreased during the dry periods. Meanwhile 
during December, the suspended sediment loads had 
decreased because of the dilution by the high rainfall 
intensity (Park et al., 2011). Further, the decrease of 
suspended sediment loads in December is also can be 
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due to the increasing of soil surface protection by water 
layer. The impact of the rainfall on the soil surface is 
decreased when critical depth of soil is reached and 
exceeded which resulted an accumulation of water on 
soil surface (Beuselinck et al., 2002; Hogarth et al., 
2004). During the wet period, high intensity and long 
duration of rainfall can cause flood event.
	 The percentage of relative monthly distribution 
of rainfall, water level, stream flow and suspended  
sediment loads at Chalok River for the whole study 
period is shown in Fig. 5. The high intensity of rainfall 
during the wet period increased the water level and 
stream flow at Chalok River. At the same time, the 
suspended sediment loads also increased. Table 1  
summarises the main characteristics of rainfall, water 
level, stream flow and suspended sediment loads within 
the wet and dry periods. 
	 ANOVA also was carried out to identify the mean 
differences between suspended sediment loads and 
rainfall from 2003 to 2008. For the suspended sediment 

Figure 5. Relative monthly distribution of rainfall, water level, stream flow and suspended sediment loads (2003 –
2008)

The percentage of relative monthly distribution of rainfall, water level, stream flow and suspended 
sediment loads at Chalok River for the whole study periodis shown in Fig. 5. The high intensity of rainfall 
during the wet period increased the water level and stream flow at Chalok River. At the same time, the 
suspended sediment loads also increased. Table 1 summarises the main characteristics of rainfall, water 
level, stream flow and suspended sediment loads within the wet and dry periods. 

Table 1. Descriptive analyses rainfall, water level, stream flow and suspended sediment loads separated into wet and 
dry periods

*Std. Dev=standard deviation; SS loads=suspended sediment loads

ANOVA also was carried out to identify the mean differences between suspended sediment loads 
and rainfall from 2003 to 2008. For the suspended sediment loads, results show that F value (F = 0.855) is 
smaller than Fcritical= 2.353 with p-value > 0.05. Therefore, the null hypothesis is accepted in which the 
mean of suspended sediment loads from 2003 to 2008 are same. The results for rainfall from 2003 to 2008 
also show that there is no significant difference. The p-value (0.515) also shows greater than 0.05, 
indicating that there is no significant difference of mean in rainfall intensity from 2003 to 2008. The mean 
differences in suspended sediment loads and rainfall intensity within wet and dry periods also were 
identified. The results for suspended sediment shows F value (F = 19.762) was greater than Fcritical= 4.301
with p<0.05. Therefore, there was a significant difference in suspended sediment loads within the wet and 
dry periods. This results show that there is a significant difference in rainfall intensity within wet and dry 
periods (F = 48.793) which is greater than Fcritical= 4.301 and p<0.05. Since F value is greater than the 
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level, stream flow and suspended sediment loads within the wet and dry periods. 

Table 1. Descriptive analyses rainfall, water level, stream flow and suspended sediment loads separated into wet and 
dry periods

*Std. Dev=standard deviation; SS loads=suspended sediment loads

ANOVA also was carried out to identify the mean differences between suspended sediment loads 
and rainfall from 2003 to 2008. For the suspended sediment loads, results show that F value (F = 0.855) is 
smaller than Fcritical= 2.353 with p-value > 0.05. Therefore, the null hypothesis is accepted in which the 
mean of suspended sediment loads from 2003 to 2008 are same. The results for rainfall from 2003 to 2008 
also show that there is no significant difference. The p-value (0.515) also shows greater than 0.05, 
indicating that there is no significant difference of mean in rainfall intensity from 2003 to 2008. The mean 
differences in suspended sediment loads and rainfall intensity within wet and dry periods also were 
identified. The results for suspended sediment shows F value (F = 19.762) was greater than Fcritical= 4.301
with p<0.05. Therefore, there was a significant difference in suspended sediment loads within the wet and 
dry periods. This results show that there is a significant difference in rainfall intensity within wet and dry 
periods (F = 48.793) which is greater than Fcritical= 4.301 and p<0.05. Since F value is greater than the 
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loads, results show that F value (F = 0.855) is smaller 
than Fcritical= 2.353 with p-value > 0.05. Therefore, 
the null hypothesis is accepted in which the mean of  
suspended sediment loads from 2003 to 2008 are 
same. The results for rainfall from 2003 to 2008 also 
show that there is no significant difference between 
years. The p-value (0.515) also shows greater than 
0.05, indicating that there is no significant difference 
of mean in rainfall intensity from 2003 to 2008. The 
mean differences in suspended sediment loads and 
rainfall intensity within wet and dry periods also 
were identified. The results for suspended sediment 
shows F value (F = 19.762) was greater than 
Fcritical= 4.301 with p<0.05. Therefore, there was a  
significant difference in suspended sediment loads 
within the wet and dry periods. This results show 
that there is a significant difference in rainfall  
intensity within wet and dry periods (F = 48.793) which 
is greater than Fcritical= 4.301 and p<0.05. Since F value 
is greater than the critical value, the null hypothesis is 
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rejected and alternate hypothesis is accepted. The wet 
and dry periods can increase or reduce the transportation 
of suspended sediment into the river. The lowest  
suspended sediment loads in the dry period is  
attributed by the reduction of rainfall intensity occurring 
in this period. The highest concentration of suspended 
sediment transported during wet period because of  
high intensity and long duration of rainfall at a very  
high discharge (Le et al., 2007; Lin et al., 2012). 
The high intensity and long duration of rainfall can  
increase the impact of rainfall on the soil and will lead 
to the increase soil erosion. It has proven from previous 
study which reported that suspended sediment loads 
during the wet period increased about five times  
higher compared to the dry period (Le et al., 2007).

3.2. Relationships between rainfall, water level and 
stream flow with suspended sediment loads

3.2.1. Spearman correlation
	 The correlation analysis had been used to identify 
the relationship between the suspended sediment loads 
with the rainfall intensity and other variables such 
as the water level and the stream flow. All variables 
showed significant relationship with each other at 0.05 
confidence level (Table 2). The results show a positive 
significant relationship between the rainfall intensity 
and the suspended sediment loads (r = 0.664, p<0.05). 
An increased of rainfall intensity during the wet period 
had resulted in an increase in suspended sediment loads. 
The rainfall not only transports the suspended sediment 
to the river, but also influences the sediment detachment 
process. The high intensity and long duration of rainfall 
can detached more sediment from the soil surface and 
transported them to the river (Lin et al., 2012). The 
high intensity of rainfall also can cause land sliding 
events which could supply huge amount of suspended 
sediment to the river. 
	 Furthermore, the correlations between suspended 
sediment with other variables such as water level and 
stream flow also identified. The suspended sediment 

loads presented strong significant positive correlations 
with water level (r = 0.923, p<0.05) and stream flow 
(r = 0.919, p<0.05). The transportation of suspended 
sediment increase when the stream flow increases. The 
suspended sediment becomes deposited when velocity 
of the stream flow decreased. The deposition of  
suspended sediment leads to raise the riverbed and 
reduce the depth of the river. The increasing of  
sedimentation loads in the river caused the rising of 
riverbed by several centimetres per year (Miao et al., 
2011).
	 The correlation results indicate that increase of  
suspended sediment loads at Chalok River caused the 
increase in water level and stream flow. The increase 
of suspended sediment loads can lead to reduce the 
depth of river and as a consequence, the water level of 
river increases. The reduction in depth of the river can 
affect the river systems by reducing the capacity of the 
river to route water through the drainage basin and can 
caused to increase the flood events during wet periods. 
In addition, high concentration of suspended sediment 
also can affect aquatic organisms and degrade the water 
quality (Billota and Brazier, 2008; Prathumratana  
et al., 2008).
	 Results also showed that rainfall intensity has  
significant positive relationship with water level  
(r = 0.683, p<0.05) and stream flow (r = 0.703, p<0.05). 
When rainfall increases, the river water level also  
increases. High water level followed by increasing in 
flow velocity and discharge. Other factors such as the 
area of the basin, the slope of the ground, the erod-
ibility of the soil, and the area of impervious surface 
within the basin also can influenced the relationship 
between rainfall intensity with water level and stream 
flow (Prathumratana et al., 2008). The large amount 
of impervious soil surface and steeper slopes will 
increase the surface runoff and reduce the amount of 
rainfall infiltrate into the soil and becomes groundwater. 
The results shows a strongest positive correlation  
between water level and stream flow (r = 0.95, p<0.05)  
compared to the other parameters.The increase of water 
level will significantly increase the stream flow. 

critical value, the null hypothesis is rejected and alternate hypothesis is accepted. The wet and dry periods 
can increase or reduce the transportation of suspended sediment into the river. The lowest suspended 
sediment loads in the dry period is attributed by the reduction of rainfall intensity occurring in this period. 
The highest concentration of suspended sediment transported during wet period because of high intensity 
and long duration of rainfall at a very high discharge (Le et al., 2007; Lin et al., 2012). The high intensity 
and long duration of rainfall can increase the impact of rainfall on the soil and will lead to increase soil 
erosion. It has proven from previous study which reported that suspended sediment loads during the wet 
period increased about five times higher compared to the dry period (Le et al., 2007).

3.2. Relationships between rainfall, water level and stream flow with suspended sediment loads

3.2.1. Spearman correlation
The correlation analysis had been used to identify the relationship between the suspended 

sediment loads with the rainfall intensity and other variables such as the water level and the stream flow. 
All variables showed significant relationship with each other at 0.05 confidence level (Table 2). The 
results show a positive significant relationship between the rainfall intensity and the suspended sediment 
loads (r = 0.664, p<0.05). An increased of rainfall intensity during the wet period had resulted in an 
increase in suspended sediment loads. The rainfall not only transports the suspended sediment to the river, 
but also influences the sediment detachment process. The high intensity and long duration of rainfall can 
detached more sediment from the soil surface and transported them to the river (Lin et al., 2012). The high 
intensity of rainfall also can cause land sliding events which could supply huge amount of suspended 
sediment to the river. 

Table 2. Spearman correlation

Variables Rainfall
(mm)

SS loads
(tonnes)

Water level 
(m)

Stream flow 
(m3/s)

Rainfall (mm) 1 0.664 0.683 0.703
SS loads (t) 0.664 1 0.923 0.919
Water level (m) 0.683 0.923 1 0.955
Stream flow (m3/s) 0.703 0.919 0.955 1
Significant at alpha = 0.05

Furthermore, the correlations between suspended sediment with other variables such as water 
level and stream flow also identified. The suspended sediment loads presented strong significant positive 
correlations with water level (r = 0.923, p<0.05) and stream flow (r = 0.919, p<0.05). The transportation 
of suspended sediment increase when the stream flow increases. The suspended sediment becomes 
deposited when velocity of the stream flow decreased. The deposition of suspended sediment leads to 
raise the riverbed and reduce the depth of the river. The increasing of sedimentation loads in the river 
caused the rising of riverbed by several centimetres per year (Miao et al., 2011).

The correlation results indicate that increase of suspended sediment loads at Chalok River caused 
the increase in water level and stream flow. The increase of suspended sediment loads can lead to reduce 
the depth of river and as a consequence, the water level of river increases. The reduction in depth of the 
river can affect the river systems by reducing the capacity of the river to route water through the drainage 
basin and can caused to increase the flood events during wet periods. In addition, high concentration of 
suspended sediment also can affect aquatic organisms and degrade the water quality (Billota and Brazier, 
2008; Prathumratana et al., 2008).

Results also showedthat rainfall intensity has significant positive relationship with water level (r = 
0.683, p<0.05) and stream flow (r = 0.703, p<0.05). When rainfall increases, the river water level also 
increases. High water level followed by increasing in flow velocity and discharge. Other factors such as 
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3.2.2. Multiple linear regressions analysis	
	 The multiple linear regressions were used to 
gain further understanding of relationship between  
suspended sediment loads with rainfall, water level 
and stream flow. Equation 6 showed the multiple linear 
regressions analysis with adjusted R2 value of 0.633.

SS loads = -66.526+3.948E03*Rainfall + 11.291*Water 
Level + 2.795* Stream Flow 	                            (6)

	 The multiple linear regressions result shows 63% 
of the variation loads of suspended sediment at Chalok 
River is influenced by the rainfall intensity, water level 
and stream flow. The remaining 37% of the variations 
may have been due to other factors such as topography 
of the basin, soil types, land use and vegetation cover. 
The flood peak discharge has been shown as the most 
significant factor, which controls the supply and  
delivery of suspended sediment to the river (Nu-fang 
et al., 2011).

3.3. Trend analysis

	 Fig. 6 displays the mean of annual rainfall at  
Chalok River (2003 to 2008). The mean of annual  
rainfall intensity for 2003 to 2008 has slightly increased. 
For 2006, it shows the lowest rainfall intensity (2458.35 
mm) and the highest mean of annual rainfall intensity 
was observed during 2008 (4441.00 mm). Besides, Fig. 
7 shows increasing trend for annual minimum rainfall 
intensity. The lowest minimum rainfall intensity was 
observed during 2004 (22.70 mm). For 2008, it shows 
the highest minimum rainfall intensity with 199.75 
mm. Figure 8 shows the annual maximum rainfall at 
Chalok River from 2003 to 2008. The highest annual 
maximum rainfall intensity is observed in 2008 (1060 
mm). Besides, the lowest annual maximum rainfall 
intensity is observed during 2006 (397.55 mm). The 
annual mean, minimum and maximum rainfall intensity 
(2003 to 2008) showed increasing trends. 

	 The mean of annual suspended sediment loads 
also shows a slight increasing trend for 2003 to 2008  
(Fig. 9). Year 2006 shows the lowest mean (94.4 tonnes) 
compared to the other years simultaneously with the 
lowest mean annual for rainfall intensity. The highest 
mean of annualwas observed during 2004 (10.02 
tonnes). From the Figs. 9 – 11, the straight line shows 
a slightly increasing trend in mean, minimum and  
maximum suspended sediment loads at Chalok River. 
	 Table 3 shows the result of Mann-Kendall trend 
test for suspended sediment loads, rainfall intensity, 
water level and stream flow series for Chalok River. 
The results show increasing trend of rainfall intensity, 
water level and stream flow from 2003 to 2008 at Chalok 
River but not at the significance level (p>0.05). The 
slightly increasing trend of rainfall intensity, water 
level and stream flow still existed at Chalok River 
although it is insignificant because the slope of trends 
show the value greater than 0, showing that they were 
increased monotonically (Ya-ning et al., 2007). For  
 suspended sediment load, a significant increasing trend was  
detected from 2003 to 2008 (p<0.05).
	 This study showed an increasing trend of rainfall 
intensity and suspended sediment loads at Chalok 
River from 2003 to 2008. This indicates that increase in  
rainfall amount affect the sedimentation loads at Chalok 
River. The rise of land clearance, changes of land use, 
population increased and others human activities in this 
area can influence the increasing trend of suspended 
sediment loads. Population growth would boost the 
exploration of forest area for agricultural activities 
within study periods from 2003 to 2008, thus enhancing 
the suspended sediment loads into Chalok River.  
Although agriculture is a dominant cause of catchment 
disturbance and accelerated erosion in most areas, other 
forms of land disturbance such as logging can also be a 
cause of significant impact on sediment transportation 
to the river. The previous study reported that Dnestr 
River showed increasing trend of sediment because 
of forest clearance (Walling and Fang, 2003). Their 
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Figure 6. Mean rainfall at Chalok River (2003 – 2008)

Figure 7. Minimum rainfall at Chalok River (2003 – 2008)

Figure 8. Maximum rainfall at Chalok River (2003 – 2008)
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Table 3. Mann-Kendall trend test for rainfall, SS loads, water level and stream flow at Chalok River (2003 – 2008)

Kendall’s tau S Var (S) p-value 
(two tailed)* Trend

Rainfall (mm) 0.127 325 42315.000 0.115 Increasing 
SS loads (t) 0.210 534 42283.333 0.010 Increasing 
Water level (m) 0.133 339 42284.333 0.100 Increasing 
Stream flow (m3/s) 0.075 191 42301.667 0.356 Increasing 
*alpha = 0.05

Table 3 shows the result of Mann-Kendall trend test for suspended sediment loads, rainfall 
intensity, water level and stream flow series for Chalok River. The results show increasing trend of 
rainfall intensity, water level and stream flow from 2003 to 2008 at Chalok River but not at the 
significance level (p>0.05). The slightly increasing trend of rainfall intensity, water level and stream flow 
still existed at Chalok River although it is insignificant because the slope of trends show the value greater 
than 0, showing that they were increased monotonically (Ya-ning et al., 2007). For suspended sediment 
load, a significant increasing trend was detected from 2003 to 2008 (p<0.05).

Figure 9. Mean suspended sediment loads at Chalok River (2003 – 2008)

Figure 10. Minimum suspended sediment loads at Chalok River (2003 – 2008)
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Table 3. Mann-Kendall trend test for rainfall, SS loads, water level and stream flow at Chalok River (2003 – 2008)

Kendall’s tau S Var (S) p-value 
(two tailed)* Trend

Rainfall (mm) 0.127 325 42315.000 0.115 Increasing 
SS loads (t) 0.210 534 42283.333 0.010 Increasing 
Water level (m) 0.133 339 42284.333 0.100 Increasing 
Stream flow (m3/s) 0.075 191 42301.667 0.356 Increasing 
*alpha = 0.05

Table 3 shows the result of Mann-Kendall trend test for suspended sediment loads, rainfall 
intensity, water level and stream flow series for Chalok River. The results show increasing trend of 
rainfall intensity, water level and stream flow from 2003 to 2008 at Chalok River but not at the 
significance level (p>0.05). The slightly increasing trend of rainfall intensity, water level and stream flow 
still existed at Chalok River although it is insignificant because the slope of trends show the value greater 
than 0, showing that they were increased monotonically (Ya-ning et al., 2007). For suspended sediment 
load, a significant increasing trend was detected from 2003 to 2008 (p<0.05).

Figure 9. Mean suspended sediment loads at Chalok River (2003 – 2008)

Figure 10. Minimum suspended sediment loads at Chalok River (2003 – 2008)
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study indicated that the sediment load increased by 
five times over the period extending from 1950s to the 
mid-1980s. Yet other factor can decrease sedimentation 
loads in the river. For example, sediment load of  
Yellow River in China showed a substantial decline with 
mean annual sediment load decreased from 1600 x 106 
tonnes in the 1950s and 1960s to 800 x 106 tonnes in the 
1980s (Wang et al., 2007). Perhaps some reduction of  
sediment loads can be explained by reflection of  
decreasing in precipitation.

4. Conclusion

	 This study has examined the relationship of  
suspended sediment loads with rainfall, water level, 
and stream flow at Chalok River from year 2003 to 
2008. The results showed the response of suspended 
sediment loads towards the seasonal variations of 
rainfall. November and December were considered 
as wet period when the highest rainfall intensities 
were recorded, while February and April as dry period 
when the lowest rainfall intensities were recorded. The  

highest suspended sediment loads were observed  
during the wet period while the lowest suspended  
sediment loads were recorded during the dry 
period. Wet period contributed 35.9% of the 
rainfall and 52% of the suspended sediment 
loads while dry period contributed 6.7% of the  
rainfall and 5.6% of the suspended sediment loads at 
Chalok River during the study periods (2003 to 2008). 
From the correlation results, there is a significance  
positive relationship between suspended sediments loads 
with rainfall intensity, water level and stream flow. The  
relationship between suspended sediment loads with 
water level was the strongest positive relationship  
compared to rainfall intensity and stream flow. The 
Mann-Kendall trend test also showed an increasing 
trend of rainfall and suspended sediment loads from 
year 2003 to 2008 although insignificance for rainfall 
trend. Human activities and changes of land use along 
the river stream also contributed to alter the trend of 
suspended sediment loads at Chalok River. The results 
obtained from this study provided some information 
about the dependency of sediment loads on rainfall, 

Table 3. Mann-Kendall trend test for rainfall, SS loads, water level and stream flow at Chalok River (2003 – 2008)

Kendall’s tau S Var (S) p-value 
(two tailed)* Trend

Rainfall (mm) 0.127 325 42315.000 0.115 Increasing 
SS loads (t) 0.210 534 42283.333 0.010 Increasing 
Water level (m) 0.133 339 42284.333 0.100 Increasing 
Stream flow (m3/s) 0.075 191 42301.667 0.356 Increasing 
*alpha = 0.05

Table 3 shows the result of Mann-Kendall trend test for suspended sediment loads, rainfall 
intensity, water level and stream flow series for Chalok River. The results show increasing trend of 
rainfall intensity, water level and stream flow from 2003 to 2008 at Chalok River but not at the 
significance level (p>0.05). The slightly increasing trend of rainfall intensity, water level and stream flow 
still existed at Chalok River although it is insignificant because the slope of trends show the value greater 
than 0, showing that they were increased monotonically (Ya-ning et al., 2007). For suspended sediment 
load, a significant increasing trend was detected from 2003 to 2008 (p<0.05).

Figure 9. Mean suspended sediment loads at Chalok River (2003 – 2008)

Figure 10. Minimum suspended sediment loads at Chalok River (2003 – 2008)

y = 0.414x + 5.790

0

2

4

6

8

10

12

2003 2004 2005 2006 2007 2008

M
ea

n 
SS

 lo
ad

s (
t)

Year

y = 0.3286x - 0.1667

0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4
1.6
1.8
2.0

2003 2004 2005 2006 2007 2008

M
in

 S
S 

lo
ad

s (
t)

Year

Figure 11. Maximum suspended sediment loads at Chalok River (2003 – 2008)

This study showed an increasing trend of rainfall intensity and suspended sediment loads at 
Chalok River from 2003 to 2008. This indicates that increase in rainfall amount affect the sedimentation 
loads at Chalok River.The rise of land clearance, changes of land use, population increased and others 
human activities in this area can influence the increasing trend of suspended sediment loads. Population 
growth would boost the exploration of forest area for agricultural activities within study periods from 
2003 to 2008, thus enhancing the suspended sediment loads into Chalok River. Although agriculture is a 
dominant cause of catchment disturbance and accelerated erosion in most areas, other forms of land 
disturbance such as logging can also be a cause of significant impact on sediment transportation to the 
river. The previous study reportedthat Dnestr River showed increasing trend of sediment because of forest 
clearance (Walling and Fang, 2003). Their study indicated that the sediment load increased by five times 
over the period extending from 1950s to the mid-1980s. Yet other factor can decrease sedimentation loads
in the river. For example, sediment load of Yellow River in China showed a substantial decline with mean 
annual sediment load decreased from 1600 x 106 tonnes in the 1950s and 1960s to 800 x 106 tonnes in the 
1980s (Wang et al., 2007). Perhaps some reduction of sediment loads can be explained by reflection of 
decreasing in precipitation.

4. Conclusion

This study has examined the relationship of suspended sediment loads with rainfall, water level, 
and stream flow at Chalok River from year 2003 to 2008. The results showed the response of suspended 
sediment loads towards the seasonal variations of rainfall. November and December were considered as 
wet period when the highest rainfall intensities were recorded, while February and April as dry period 
when the lowest rainfall intensities were recorded. The highest suspended sediment loads were observed 
during the wet period while the lowest suspended sediment loads were recorded during the dry period. 
Wet period contributed 35.9% of the rainfall and 52% of the suspended sediment loads while dry period 
contributed 6.7% of the rainfall and 5.6% of the suspended sediment loads at Chalok River during the 
study periods (2003 to 2008). From the correlation results, there is a significance positive relationship 
between suspended sediments loads with rainfall intensity, water level and stream flow. The relationship 
between suspended sediment loads with water level was the strongest positive relationship compared to 
rainfall intensity and stream flow. The Mann-Kendall trend test also showed an increasing trend of rainfall 
and suspended sediment loads from year 2003 to 2008 although insignificance for rainfall trend. Human 
activities and changes of land use along the river stream also contributed to alter the trend of suspended 
sediment loads at Chalok River. The results obtained from this study provided some information aboutthe 
dependency of sediment loads on rainfall, stream flow and water level.The results supported the 
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stream flow and water level. The results supported the 
evaluations of real time forecasting schemes and for 
practical purposes some criteria should be developed 
to validate the computed forecasts and correct it if 
necessary.These evaluations provided a more objective 
interpretation of seasonal changes on sedimentation 
loads and identification of the major process affecting 
the environmental variables trends as part of the effort 
toward the management of a sustainable river basin. 
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