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 Dredging is important to maintain the suitable depth for shipping, flood mitigation and to 

remove sediments from basins and water intake. Millions of cubic meters of dredged 

marine sediments (DMS) were generated every year but it was dumped back into the 

ocean. The sedimentation of these dredged marine sediments may occur and it has the 

possibility to come back to offshore or river mouth. If this happens, dredging activity 

need to be done again. Sampling for this study was conducted at Lumut (Perak), Marina 

(Melaka) and Tok Bali (Kelantan). The physical and chemical characteristics were 

determined to understand the behaviour of dredged marine sediments (DMS).  The 

physical properties of DMS collected in Peninsular Malaysia have high moisture content, 

liquid limit, plastic limit and the plasticity index. The chemical properties shows that 

DMS in peninsular Malaysia has only small amount of organic content and are in The 

DMS in Lumut can be classified as highly plasticity (CH) while Marina Melaka DMS 

can be classified as low plasticity clay (CL). For Tok Bali DMS, it can be classified as silt 

(ML).  
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INTRODUCTION 

 
 Dredging is a process to excavate or removing sediments from the bottom of waterways and marine locations. 

It is compulsory for the maintenance of existing navigation channels or construction of new port and harbor 

facilities [1]. In Malaysia, dredging has been introduced since 1913 for tin mining industry in Kuala Lumpur [2]. 

Most of the ports involve in shipping and ferry activities in Malaysia need to maintain the suitable depths. In order 

to achieve that, dredging need to be performed to remove out marine soils from the port area [3]. Every year, 

around hundred millions cubic meters of dredge marine sediments (DMS) are generated from the dredging 

operations. Most of the DMS are dumped into the sea or placed at dumping site [4]. It is reported, the volumes of 

DMS that have been dredged out from Kuala Perlis Port were about 300,000 m
3
 in two or three years which costs 

about RM20-30 million at each cycle [3]. In Malaysia, DMS are considered as waste and currently not being 

recycled. Normally, DMS are dumped back into the ocean with at least 50 m depth from mean sea level due to their 

bad odour and risks to human health [5]. 

 DMS can be considered as a resource and a reusable material for construction purpose unless it is affected by 

industrial contaminant. For example, if the material consists of coarse particles, it can be used as landfill while for 

finer particles can be used for landscaping or improving agricultural land [5].A part from that, DMS have poor 

engineering properties either in wet and dry condition. It is restricted for use due to the possible contaminant. 

Normally, it is noticed that collected DMS is grey in colour, has highly plasticity and classified as silty clay. The 

plastic limit and plasticity index were significantly high and the optimum moisture content was below plastic limit 

[6,7]. This shows that DMS have poor engineering properties. The optimal solution for this problem is to treat the 

DMS by using pozzolonic additive to reduce the moisture content and to improve its engineering properties [8]. 

The quality of DMS reflects the environment from where it is dredged and is related to contamination from local or 

distance sources. The presence of contamination does not rule its uses but treatment must be considered to stabilize 

or remove contaminants before it can be utilized [9].  Potential beneficial uses of dredged marine sediments can be 
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separated into two categories, which are non-structural and structural applications. Non-structural applications 

usually do not required high load placed upon the fill material, such as golf courses, recreational fill, or some 

landfill applications. On the other hand, structural applications may consist of roadway sub-base, embankments, or 

as protective medium [8]. There are a number of options to place the soil alternatively. For soils which contain 

contaminants, the placement options should be considered in term of environmental sensitivity and responsibility. 

The international conventions are generally limited to the placement of dredged soil in the sea in order to reduce 

damage from upland disposal or inter-tidal [5]. This paper focused on the study of the physical and chemical 

properties of dredged material that was collected from three different locations.  

 

MATERIALS AND METHODS 

 

A- Materials: 

 The DMS samples were collected for this study was from three different locations in Peninsular Malaysia. The 

locations of these samples are from Lumut (Perak), Marina (Melaka) and Tok bali (Kelantan). All samples were 

collected in different location to represent different localities which have different anthropogenic activities in each 

location. The sampling locations were distributed around the west and east coast of Peninsular Malaysia. This 

enables a more comprehensive study of the DMS for characteristics purpose. Most of the dredging activities in 

Malaysian ports are managed by Marine Department of Malaysia including Lumut, Marina Melaka and Tok Bali. 

The DMS collected from Lumut was collected by Trailing Suction Hopper Dredger at a 8-12m depth from sea 

level. DMS from Marina Melaka was collected by cutter suction dredger at a depth of 3.5-6.5m from sea level. Tok 

Bali DMS was collected by using grab equipment or backhoe dredger at 3.5-5.0m depth. Table I show the amount 

of DMS that has been removed from these locations in year 2013. All samples collected were put in sealed plastics 

bag to avoid moisture loss during transportation. Samples were stored indoors to avoid direct sunlight and heat. 

High temperature of surrounding area can destroy organic matter resulting in loss of mass. Fig. 2 show typical 

picture of dredged marine sediments. 

 
Table I: Volume that has been dredged every year (Marine Department of Malaysia, 2013). 

Port Volume of DMS (m3) 

Lumut 120,000 

Marina 120,000 

Tok Bali 140,000 

 

B- Methods: 

 All the physical and chemical properties of dredged marine sediments were conducted according to British 

Standard 1377:1990 and American Society for Testing and Material (ASTM). Moisture content is defined as the 

ratio of the weight of water to the weight of dry soil in a given mass of soil. It can be determined by using oven dry 

method. The temperature requires is 105±5 °C. Plastic limit test was used to determine the soil changes from 

semi-solid to plastic state. For plastic limit, the sample was roll into thread at least 0.3mm in diameter. Liquid limit 

test was used to determine the changes of soil from plastic state to liquid state. Cone penetration method \ was used 

for liquid limit test [10] [11]. The particles size distribution of DMS was obtained by wet sieving and hydrometer 

analysis [11]. Particles density test was obtained by using the small pykonometer methods and the mass loss on 

ignition (LOI) was measured by heating at 440˚C to determine the organic content of dredged materials [10]. X-ray 

fluorescence (XRF) is a method to determine the chemical composition in the sample. The samples for XRF 

analysis were prepared by using 7g of sample mixed with 3g of wax.  

 

RESULTS AND DISCUSSION 

 

Physical properties of dredge marine sediments: 

 Geotechnical characterization is important for predicting and describing the material properties. It is also 

required before making decision either to use or dispose the DMS [12]. Table II shows the physical characteristics 

of the 3 samples. Based on the results in Table II, the moisture content varies for each sample. For Lumut (L), the 

value of moisture content obtained is 166.16%, 142.97% for Marina Melaka (M) and 92.33% for Tok Bali (T). 

According to the study conducted by Grubb, moisture content for dredged marine sediments is between 

100%-200% [13]. Liquid limit is the water content of a soil at a boundary between semi-liquid and plastic state 

while plastic limit is the moisture content from semi solid to plastic state [11]. The liquid limit for samples L, M and 

T are 95.80%, 65.00% and 36.90% while plastic limit are 34.40%, 50.46% and 25.83%. Plasticity index are 

61.40%, 14.54% and 11.07% for samples L, M and T. 

 Particles density is defined as an average density of solid particles in a sample of soil where volume includes 

any preserved voids contained within soil particles. The value of particles density at each locations are 2.60 for 

Lumut, 2.56 for Melaka and 2.41 for Tok Bali. Particles size distribution was obtained from wet sieving and 
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followed by hydrometer analysis. Fig. 3 show the combined results of wet sieving and hydrometer analysis. 

According to the sieve analysis and hydrometer analysis, passing percentage for L samples dredged material for 

gravel, sand; silts and clay are 3%, 14%, 8% and 75% respectively. L sample was classified as highly plasticity clay 

(CH) based on Unified soil Classification System (USCS). Sample M consists of 3% of gravel, 9% of sand, 18% of 

silts and 66% of clay. It was classified as low plasticity clay (CL), while sample T consists of 5% of gravel, 20% of 

sand, 16% of silts and 59% of clay. It was classified as silt (ML). The percentage of silt and sand particles for 

Marina (M) and Tok Bali (T) are a higher compared to Lumut (L). This might be due to the location of both of the 

ports and because of the anthropogenic activities in that area. For example, mining activity located at Sungai 

Semerak, Tok Bali. This mining activity could increase the silts and sand particles in DMS. Marina Melaka (M) is 

situated near to the shore and the sedimentation of the sand beach might occur. So this could lead to the increasing 

of silts and sands particles. The plasticity index of Marina Melaka (M) and Tok Bali (T) also decrease with 

increasing sand and silt particles. This is because sand and silts have lower plasticity compared to clay. 

 
Table II: Physical & chemical properties of dredged material. 

Properties L M T 

Moisture content (%) 166.16 142.97 92.23 

Liquid limit (%) 95.80 65.00 36.90 

Plastic limit (%) 34.40 50.46 25.83 

Plasticity index (%) 61.40 14.54 11.07 

Particle density (%) 2.60 2.56 2.41 

  

 
 

Fig. 1: Particles size distribution of dredged marine sediments. 

  

Chemical Characteristics of Dredged Marine Sediments: 

 Chemical Characteristics of 3 samples are shown in Table IV. The loss on ignition test was conducted to 

determine the organic content inside dredged material. The LOI for Lumut is 6.33, Melaka 9.49 and Tok Bali 4.78. 

Soils with organic content greater than 20% only can be considered as organic soils in geotechnical engineering. 

Since the value of LOI obtained from this three locations are less than 20%, all of these dredged material can be 

considered as inorganic soil [15]. Marine soils are deposited under water. Due to the decomposition of marine 

creatures such as sea grasses, shells and some organisms will influence the present of organic content in marine 

soils but only in low percentage. pH is used to measure the acidity and alkalinity of certain materials. pH of the 3 

DMS samples are shown in Table IV.   Since all the pH concentrations were greater than 7, it can be conclude that 

dredged material in Peninsular Malaysia is alkaline. X-ray fluorescence method (XRF) was conducted to determine 

the chemical compositions and heavy metal concentration in DMS. The data that indicate the chemical 

composition analysis for 3 DMS samples are shown in Table V.  The chemical composition that was obtained from 

XRF test such as aluminum oxide (Al2O3), iron oxide (Fe2O3), Calcium oxide (CaO) and Silicon dioxide or also 

known as silica (SiO2). Other than that, potassium oxide (K2O), magnesium oxide (MgO), sulfur trioxide (SO3), 

titanium dioxide (TiO2) and sodium oxide (Na2O) also can be determined from XRF testBased on the results 

obtained, major oxide components that contain in the dredge marine sediments are alumina, silica, and iron oxide.  

 
Table IV: Loss on ignition and pH of DMS  for three samples. 

Chemical Properties Samples 

 L M T 

Loss on ignition 6.33 9.49 4.78 

pH 8.22 8.32 8.51 

 

Discussion on physico-chemical properties of all samples: 
 The study conducted to determine the physical and chemical properties of dredged material at Lumut (Perak), 
Marina Port (Melaka) and Tok Bali (Kelantan). The comparison of these dredged materials is compared to the 
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physical and chemical properties at Kuala Perlis and Craney Island. The physical and chemical properties of DMS 
used in this study were compared with Kuala Perlis and Craney Island DMS as shown in Table VI.  All 3 DMS 
samples from this study share almost similar properties with Kuala Perlis and Craney Island DMS. Generally, 
moisture content for dredged material is high and could result in lower strength of soil.  The particles size 
distribution in every sample shows that all of the samples have sands, silts and clay. Plasticity index of the DMS 
from Marina and Tok Bali Kelantan are lower compared to Lumut, Kuala Perlis and Craney Island’s dredged 
marine sediments. This could be due to the highly presence of silts in the sample and less amount of clay. Silts can 
be said that have low plasticity compared to clay. Comparison of XRF results between the results obtained from 
this study with the previous studies are summarized in Table VII. Most of the chemical composition obtained from 
Lumut, Marina Melaka and Tok Bali generally has almost similar chemical compositions. The different only that 
Kuala Perlis dredged marine sediments does not have sulfur trioxide while dredged marine sediments from Craney 
Island does not have titanium dioxide. 
 
Table V: X-ray fluorescence results. 

Chemical composition 
Location of dredged marine sediments 

L M T 

Al2O3 17.1 21.60 21.10 

CaO 3.25 1.93 4.04 

Fe2O3 4.59 7.33 7.05 

K2O 2.24 2.97 2.64 

MgO 2.44 2.18 2.24 

SiO2 63.40 57.00 57.00 

SO3 1.66 1.37 1.87 

TiO2 0.675 1.03 0.85 

Na2O 1.67 1.66 1.26 

 
Table VI: Comparison of physical and chemical properties. 

Properties L M T 
Kuala Perlis 

[3] 
Craney Island 

[14] 

Moisture content 166.16% 142.97% 92.23% 66.13% 117.8% 

Liquid limit 95.80% 65.00% 36.90% 71.05% 62.00% 

Plastic limit 34.40% 50.46% 25.83% 39.13% 26% 

Plasticity index 61.40% 14.54% 11.07% 31.77% 39% 

Particle density 2.60 2.56 2.41 2.15 2.75 

Loss on ignition 6.33 9.49 4.78 11.98 3.3 

pH 8.22 8.32 8.51 6.7 6.9-7.4 

 
Table VII: Comparison of XRF results obtained from this study with previous study. 

 
Lumut Port Marina Port Tok Bali Port Kuala Perlis [3] Craney Island [14] 

Al2O3 17.1 21.60 21.10 17.40 12.95 

CaO 3.25 1.93 4.04 0.7 4.01 

Fe2O3 4.59 7.33 7.05 5.26 6.14 

K2O 2.24 2.97 2.64 2,08 2.46 

MgO 2.44 2.18 2.24 2.48 1.77 

SiO2 63.40 57.00 57.00 57.88 58.01 

SO3 1.66 1.37 1.87 - 1.41 

TiO2 0.675 1.03 0.85 0.79 - 

Na2O 1.67 1.66 1.26 1.44 1.82 

 

Conclusion and Recommendation: 
 Geotechnical characterization of dredged marine sediment (DMS) is important for predicting and describing 
the DMS properties. DMS that collected from Lumut (Perak) , Marina (Melaka) and Tok Bali (Kelantan) was used 
to investigate the physico-chemical properties of DMS. The physical properties of DMS collected in Peninsular 
Malaysia have high moisture content, liquid limit, plastic limit and the plasticity index. The chemical properties 
shows that DMS in peninsular Malaysia has only small amount of organic content and are in The DMS in Lumut 
can be classified as highly plasticity (CH) while Marina Melaka DMS can be classified as low plasticity clay (CL). 
For Tok Bali DMS, it can be classified as silt (ML). The DMS in Peninsular Malaysia can be concluded have 
almost similar physical and chemical properties with DMS in Kuala Perlis and Craney Island. For further study it is 
suggested to study on the stabilization potential of DMS. The shear strength of stabilized DMS also can be test with 
different curing periods.  
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