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ABSTRACT 

Sediment samples of four random sites in five different mangroves swamps in Asajaya were 

examined. Heavy metals (Cr, Cu, Zn, Ni, Pb, Mn) concentrations in each sediment were 

analyzed and the relationships between metals concentration and sediment characteristics (pH, 

organic matter, particles size) were investigated by linear regression anaiysis. Mn and Zn was 

found to be highly accumulated in mangrove sediments in all the sampling sites. Ni, Cu, and 

Zn was highly contaminated in Pelandok while Cr and Mn was abundant in Sampun and Jaie 

respectively. Mean heavy metal concentrations in all five mangrove swamps increased in the 

order Cu < Ni < Pb < Cr < Zn < Mn. All five sampling sites showed great amount of fine

grained particles where the clay and silt fraction ranged from 17.8% to 40.5 % and 36.0 % to 

68.2 % respectively. Metals in sediment samples collected showed positive significant 

correlation with organic content in increased order Cr < Ni < Zn < Pb < Cu < Mn. Most 

metals except Cr showed significant positive correlation relationships with silt and clay 

fraction indicating that metals are well bound to fine-grained fraction. There were no 

significant difference (Two-way ANOV A Without Replicate test) for heavy metals 

contamination in between sampling sites, and sampling periods suggest that the sampling sites 

majority loaded with non-point sources. 

Key words: Mangrove swamp, sediment, heavy metals 

V III 

L l 



ABSTRAK 


Empal sampel sedimen lelah diambil secara rawak dari lima kawasan paya bakau yang 

berlainan di Asajaya. Kepekalan logam beral (Cr, Cu, Zn, Ni, Pb, Mn) dalam seliap sampel 

sedimen lelah dianalisis dan hubungan di anlarcl kepekalan logam dengan pH, kandungan 

bahan organik, dan pecahan lekstur tanah dikaji dengan menggunakan kajian ko/erasi. 

Kandungan Mn and Zn didapati sangat tinggi dalam sedimen paya bakau di semua lokasi 

persampelan. Ni, Cu dan Zn yang tinggi dicatatkan di paya Pelandok manakala Cr dan Mn 

masing-masing paling tinggi dikesan di Sampun dan Jaie. Kandungan purata logam berat 

meningkat da/am turutan Cu < Ni < Pb < Cr < Zn < Mn. Semua kawasan M{jian 

menunjukkan kandungan pecahan tekstur halus dan seni yang tinggi iaitu masing-masing di 

antara 17.8 % hingga 40.5 % dan 36.0 % hingga 68.2 %. Kandungan logam berat 

menunjukkan kaitan kolerasi posit!! dengan kandungan bahan organik dalam turutan menaik 

Cr < Ni < Zn < Pb < Cu < Mn. Semua logam berat kecuali Cr menunjukkan kaitan kolerasi 

yang tinggi dan terserap dengan baik pada pecahan sedimen yang halus dan seni. Tiada 

perbezaan (ANOVA: Analisis Varian dua hala tanpa ulangan) yang signijikan bagi kepekatan 

logam beral di antara kawasan kajian dan tempoh persampelan mencadangkan bahawa 

~ 
kawasan kajian ini menerima pencemaran punca tak tentu. 

Kata kunci: Paya bakau, sedimen, logam berat 
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CHAPTER ONE 


INTRODUCTION 


Malaysia has many types of wetlands such as peat swamps, mangrove swamps, mudflats, 

freshwater swamps, and marshes. There are around 600,000 hectares of mangrove area remain 

in Malaysia (Malaysian Wetland Working Group, 1986). Mangroves in Malaysia are 

commonly located in the state of Perak, Selangor, Johor, east coast of Sabah, and in northern 

and southwestern of Sarawak. Asajaya is a small town located at the bottom of southwestern 

Sarawak (about 45 km from Kota Samarahan) which comprises of many rivers such as Sg. 

Sadong jaya, Sg. Serpan, Sg. Jaie, Sg Pelandok, and etc. Residents at Asajaya are very 

dependent on those rivers for their daily activities such as transportation from one place to 

another. River water supports a wide range of activities including agriculture activities (e.g. 

pineapple, coconut, com etc.) and aquaculture activities (e.g. shrimp farming) at Asajaya. 

Domestic discharges, residential development, and dam construction are the major sources of 

contamination in river at Asajaya. Discharges from prawn farming and shrimp activity could 

be a major threat to the mangrove swamps (Mitchell, 1993). 

In order to monitor and study the disct~rge from the nearby area especially in terms of heavy 

metals into the rivers, mangrove swamp sediments has been chosen as raw material to study 

the level of heavy metals. The occurrence of metals in the estuarine sediments in Asajaya is 

likely from natural processes and farming activities. Sediments are popular for heavy metals 

pollution and monitoring studies due to the easier operational procedures in term of sampling, 

boratory analyses and storage (Badri, 1988; Reeve, 1999). According to Chapman (1988), 

__nts are principally suitable for historical monitoring due to their lack of disturbance and 
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mangrove sediments can act as potential sinks for anthropogenic metal contaminants (Gopal, 

1999; Tam and Wong, 2000; Machado et ai., 2002). Studies on the vertical distribution profile 

f heavy metal in sediment could lead us in further understanding the geochemical history of 

places including previous human activities (Jha et ai., 2002). Thus, the assessment of the 

'ronmental risks in Asajaya was carried out through determination of total metals in 

sediments. The environmental impact caused by heavy metals in sediment were then assessed 

and identified. 

metals in wetlands are removed through reactions involving sedimentation, 

ftocculation, adsorption, co-precipitation, cation and anion exchange, complexation, 

precipitation, oxidation/reduction, microbiological activity and plant uptake (Duinker, 1980; 

1988; Matagi et aI., 1998). A change in reducing environment or oxidizing 

environment may lead to either solubilization or deposition of metal ions. Studies showed that 

well removed in reducing environment. However, the efficiency of the above 

reaction depends on physico-chemical properties of sediments (Clark et ai., 1998; Matagi et 

al.• 1998; Machado et ai., 2002). 

.... 
content in sediment pnor to accumulation of litter play an important role in 

mechanism of heavy metals uptake whereby the material exchange and microbial attachment 

occurred (Matagi et ai., 1998). Metals in cations form and trace metals dissolved in water can 

with organic coatings on sediments. Studies showed that humic substances in 

sediment are found to be able to complex a variety of trace metals (Leenheer, 1991; Wershaw, 

Trace metals such as Cu, Cd, Ag and Zn can bind with sediment through 

meMllothioniens process. 
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Studies on sediments showed that the metals are found in precipitation form (deposited in 

sediments) with increase in pH (Reeve, 1999). At the same time, metals are well precipitated 

in fine sediment (Tam and Yao, 1998; Preda and Cox, 2002; Lin et al., 2003; Chen, et al., 

2004; Fytianos and Lourantou, 2004). Matagi et al. (1998) reported that metals absorbed in 

fine-grained sediments increased in the order: Cd < Ni < Zn < Cu < Pb. These chemical, 

physical, and biological processes will control the level of heavy metals uptake and thus 

determine the level of heavy metals contamination. 

Many studies were conducted to study the role of mangrove sediments to retain heavy metals 

and the potential of mangrove ecosystems to be managed as sinks for heavy metals. Tam and 

Wong (2000) reported their study on spatial variation of heavy metals (Cu, Zn, Cr, Ni, Cd, 

and Pb) in surface sediments from 18 different mangrove sites at Hong Kong. The metals 

contaminations in two different size fractions (fine-grained, < 63 Ilm and sand-sized, 2 mm

63 j.1m) were evaluated. This study showed that metals tend to accumulate in clay size fraction 

than sand-sized fraction. They observed no significant difference for metals concentration in 

these two different fractions for sediment samples collected from highly polluted site. The 

effect oforganic content on the adsorption of Cu, Zn, Pb, and Cr was investigated by Lin and 

Chen (1998) in river sediment in dry and wet seasons. They have concluded that the 

adsorbabilities of sediments to heavy metals were positively correlated and the adsorbabilities 

increased in the order Zn < Pb < Cu < Cr. Meanwhile, Chen et al. (2004) have reported their 

study on spatial and temporal distribution of 17 major metals in Yangtze estuarine sediments. 

This study revealed that heavy metals were well bounded to silt clay fractions and heavy 

tals concentration in sediment decreased due to diluted setting process. Cox and Preda 

(2 ) have carried out their work on the occurrence and distribution of metals in sediments 

3 



and mangroves in southeast Queensland, Australia. They concluded that the dominant trace 

metals in the sediments are Zn, V and Cr and metals abundance in sediments was strongly 

correlated with the fine-grained particle and presence of Fe and Mn oxides. 

The objective of this study was to determine the distribution and concentration of heavy 

metals (Cu, Cr, Mo, Ni, Pb and Zn) in AsajayalPendam mangrove sediments during three 

different seasons. Other than that, the relationships between heavy metal levels and sediment 

characteristics namely pH, organic matter and particle size distribution was also examined 

using correlation study. 
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CHAPTER TWO 


MATERIALS AND METHODS 


2.1 Study Area and Sediment Sampling 

This study was carried out within the AsajayaiPendam mangrove area in Sarawak. Generally, 

Asajaya can be divided into four different blocks (Figure 2.1). Table 2.1 shows the sampling 

stations, geographical location and the major human activities at the sampling stations in 

Asajaya. This study was concentrated at block 4 of Asajaya mangrove area due to the active 

prawn farming activity. Three areas were chosen as sediment collection stations namely 

Pelandok water gate, Sadong Jaya water gate, and Jaie water gate. Serpan water gate at block 

2 and Sampun water gate at block 3 was chosen as control areas (Table 2.1). Sam pun in block 

3 and Serpan in block 2 had been chosen as control areas based on low activity of prawn 

farming in those areas. Approximately 3 prawns farm was found in Serpan and 1 prawn farm 

in Sampun. There are around 41 prawns farm in block 4 where Sadong Jaya, Pelandok, and 

laie stations are located. 

Sediment samples were collected three times in July, September, and December 2003. July 

represents the dry season, September the inter-season, and December the wet season. 

Samplings were done during low tide. Four surface sediment samples at each 5 mangrove 

swamp area in Asajaya were randomly collected. The sediment samples were collected from 

the intertidal zones using PVC cores tubes approximately 5 cm in diameter and 40 cm in 

length. Four random samples were considered to be representative in mangrove stands with 

area than 10 ha (Tam and Wong, 2000). Care was taken during sampling to avoid 

5 
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Figure 2.1: Map of the study area and the sampling stations 
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Table 2.1: Sampling stations, geographical location, and human activities in Asajaya 
mangrove swamps 

GPS reading Human activities CodeSampling stations 

N 01 ° 32.620 ; E 1100 43.473 Receives discharge from nearby 

villages 

Active prawn farming activity 

Boating activities 

Pelandok 

SJSadongjaya 

NOlO 34.367; E 1100 44.182 Receives discharge from nearby 

villages 

Active prawn farming activity 

Jaie 

PL 

N 01 0 32.620; E 1100 43.793 Receives discharge from nearby 

villages 

Active prawn farming activity 

Serpan 

JA 

NOl O 35.440; E 110° 36.484 SE Receives discharge from nearby 

I households, schools and factories 

Moderate prawn farming activities 

Sampun NOlO 34.367; E 110° 38.451 SM Receives discharge from nearby 

households, and factories 

Moderate prawn farming activities 

sampling root or plant parts with the sediment, which will affect the sediment uptake and 

excretion oforganic matter (Holmboe and Kristensen, 2002). The sediment samples were kept 

in plastic bags and stored in a cold box and frozen at 4 DC after transport to the laboratory until 

further analysis. 
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2.1 Sediment Analyses 

The parameters involved in sediment analyses are organic matter content, particle size 

analysis. and pH. 

1 1.1 Total Organic Matter Content 

The total organic matter contents in sediment samples were determined using loss of ignition 

method at 550°C (APHA, 1995). The sediment sections (ca. 109) were oven-dried (105°C) 

overnight until a constant weight was achieved. The samples were then cold in the desiccators 

and 5 g of samples were weighed and transferred into crucibles. The samples were placed into 

a muffle furnace (Model S1204 PO), and heated at a temperature of 550°C for 16 hours. 

According to Christiansen, et at (2002), the temperature used for combustion is sufficient to 

oxidize all organic matter, and to drive off hygroscopic water and convert pyrite to ferric 

oxide. The crucibles containing the samples were removed from the furnace , cold in the 

desiccators and then weighed. The total organic matter was calculated. 

1.1 pH of Sediments 

5 g of oven dried (105°C) sediment sections were weighed and transferred into test tubes. 

ml of water were added into each test tube. The mixtures were then shaked with the 

and left for 30 minutes. pH of the supernatant solution were measured using a pH 

(Model 3305) (Alloway, 1995). 
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2.2.3 Particle Size Analysis 

The texture analysis was based on Stokes law using pipette method (USDA, 1984). lag of 

'eved sample « 2mm) were mechanically shaken overnight in 100 mL distilled water. The 

sand fraction was removed by wet sieving. The remaining solution from the wet sieving 

process was then diluted to 1 L in alL cylinder for further clay and fine silt fraction 

detennination. The 1 L cylinder was placed in a water bath and stirred. The fine silt and clay 

fraction was determined by removing an aliquot from the suspension in the 1 L cylinder with 

25 mL pipette. The aliquots were pipetted into the pre-weight petri dishes and dried at 105°C. 

Percentages of sand (> 63 Ilm fraction) and silt and clay « 63 Ilm fraction) in each sediment 

tractions were calculated. 

2.2.4 Heavy Metals Determination 

heavy metal analysis, wet digestion technique was used. 1.0 g of oven-dried sediment 

samples was weighed and transferred into the digestion vessels. To each vessel, 5 ml of 

HNO), 2 ml of HCI04, 2 ml of H202 was added and were put in a hot-block digester. The 

_!lPl~es were digested at 70 to 80 °c for two hours. The digested samples were then filtered 

50 ml of volumetric flasks and the solutions were topped up with deionized water. The 

aanllpl~~s were transferred into 50 ml polyethylene bottles and preserved in the refrigerator of 

°C prior to analysis. Blank samples were prepared using the same method omitting real 

ImlPle:s. Each sample was done in three replicates. 
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Cr Mn, ln, Pb, and Ni in the digested sample solutions were analyzed using flame atomic 

absorption spectrophotometer (FAAS; Model 3110). Table 2.2 describes the parameters 

lved in AAS operation. The metal contents in the filtrate were blank-adjusted and the 

tQDCentrations of the metals in the sediment samples were computed as !lg metal per g dry 

les (Ho and Tai, 1988). Five concentrations of each standard metal solution and a blank 

prepared to bracket the expected metal concentration of a sample (APHA, 1995). A 

quality control (QC) was run after roughly 10 samples in order to check the drift of the 

sensitivity of the instrument. The mean, standard deviations of the replications in each sample 

were calculated. All data were expressed in terms of 105°C oven dried weight. 

Table 2.2: Parameters used in AAS operation 

Element 
Wavelength Sensitivity Detection Limit 

(Cu) 
324.8 4.0 0.10 

urn (Cr) 
357.9 4.0 0.15 

(Mn) 
279.5 2.5 0.25 

232.0 7.0 0.17 

283.3 10.0 0.25 

213.9 1.0 0.15 

10 



rO"..l iikl of sediment samples collected from the five sampling sites was analyzed using Two

Analysis of Variance (ANOV A) Without Replication analysis to study the relationships 

lahnc:n metal accumulations in sediment samples with sampling stations and sampling 

_SODiS. The results of physical and chemical characteristics of sediments were used to 

ldellenn.irte the correlation coefficient with the metal level present in the sediment. 
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CHAPTER THREE 


RESULTS AND DISCUSSIONS 


1 Physical and Chemical Characteristics of Sediment 

1.1 Organic Matter Content 

percentage of organic matter in the sediments from these 5 sampling sites ranged from 

S.23 % to 10.71 %. Generally, the concentrations of organic matter fluctuated in these 5 areas 

and there was no any significant pattern observed. Figure 3.1 showed the organic matter 

content for all sampling sites within 3 samplings. During the first sampling, Serpan mangrove 

swamp recorded the highest organic matter content (8.82%) while sediment samples from 

Pelandok mangrove swamp recorded the lowest organic content (6.05%). During second 

sampling, most mangrove swamps recorded high amount of organic matter content (> 8.0%) 

except Serpan. The organic matter content recorded during third sampling was lower than 

second sampling but higher than first sampling. This observation suggested that organic 

matter content is higher during inter-season compared to dry and wet period. 

!12 ..~~---------------------------------------------, 
.. 10

i 8 
E 6 
u 4 
C 2 
~ 0 o 

SJ PL JA SE SM* 

sampling sites 

sampling I . sampling II Dsampling III 

• reading were observed for Sampun during sampling I 

Figure 3.1: Organic matter concentrations in 5 mangrove swamps in Asajaya 
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1.1 pH 

The pH values were reported according to 5 different mangrove swamps within 3 times 

sampling (Figure 3.2). There was no difference in the pH values at the sampled areas during 

three samplings. All the sediment samples showed pH value ranged from 7.00 to 8.00 which 

was slightly alkaline. This could be due to water hardness abundant of polyvalent metals ion 

carbonates based minerals) such as Ca, Mg, AI, Fe, and Zn ions arising from dissolution of 

minerals (Reeve, (999). Similar pH readings were reported in the Sadong river estuary around 

Asajaya (Kuppusamy, (999). During dry period, Sadong Jaya recorded the highest pH value 

hich is 7.6S±O.25 while Jaie recorded the lowest value which is 7.37±0.12. During wet 

period. Serpan sediment showed the most alkaline value (7.73 ±0.05) whereas Pelandok 

showed the lowest pH (7.31 ±O.OS). 

7.8 

i 
7.6 

7.4 

7.2 

7 
SJ PL JA SE SM 

sampling sites 

sampling I . sampling II Dsampling III 

. No reading were observed for Sampun during sampling I 

Figure 3.2: pH values in 5 mangrove swamps in Asajaya 
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rtiele Size Distribution 

3.1 represent the distribution of different particle size fraction in the sediment samples. 

1IIII!ImIUlIS revealed that the silt proportion is highly accumulated (39.7 % - 68.2 %) in all the 

. IPUJllg locations followed by clay proportion. The amount of clay fraction ranged from 

to 40.5% whi le the percentage of sand fraction ranged from 10.1 % to 34.5 %. As 

in Table 3.1 . distribution of sand, silt, and clay fraction suggested that there was some 

IJifjterence in the sand silt, and clay fractions for the sampling stations. However, the results 

owed no significant difference in the mean of the sand, silt, and clay fractions for Two Way 

OVA Without Replicate (Appendix A) analysis at 95% confidence limit. 

Table 3.1, it was observed that the mean sand fraction content was low at block 4 of 

'_""..n.'~'" (Sadong Jaya = 19.2 %, Jaie = 17.8 %, Pelandok = 14.6 %) compared to control 

stations at blok 2 (Serpan = 27.7 %) and blok 3 (Sampun = 21.0 %). This could be due to the 

lIWerelJlt in water circulation pattern in different blocks at Asajaya. There was no much 

lIifIerelJlt in mean clay content between the stations (Sadong Jaya = 34.5 %, Jaie = 30.7 %, 

retemQC)K. = 31.0 %, Sampun = 31.5 %, Serpan = 28.1 %). High amount of fine-grained 

Mdiimelnt observed suggested that 4be sampling areas were exposed to high and low tide 

wwt,t/11'.._ where the fine-grained clay sediment might be sourced up. 

was expected that the differences in the texture distribution would affect the metal 

in sediment. The high proportion of clay and silt in sediments indicated that 

of the sediments within these mangrove swamps are fine-grained. According to Tam and 

(2000), most heavy metals showed great tendency to bound in the silt and clay fraction 

sand fraction. Studies showed by previous worker indicated that clay fraction have higher 
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