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Abstract 

There is environmental impact occurring that is caused by aquaculture especially shrimp 
farming. Nowadays, the shrimp farming industry is very popular among the people because 
of its high profit. Besides, residential areas are the other possible factor affecting the sediment 
characteristics along the main river of Sg. Sibu Laut because of the effluent discharge and the 
waste disposal to the river by the villagers. The main purpose of this research was to 
determine the concentration of heavy metals, organic carbon content, pH of sediment and 
phosphorus loadings. The range of total phosphorus in sediment is 24.48 mg/kg to 82.29 
mg/kg. The concentration of heavy metals in the sediment along the main river of Sg. Sibu 
Laut was lower than the pollutant limits of heavy metals. The range concentration of Zn was 
45.86 mg/kg to 96.57 mg/kg. For Ni the range was 14.46 mg/kg to 30.24 mg/kg and for Cr 
the range was 24.49 mg/kg to 42.59 mg/kg. As for Pb the range was 6.58 mg/kg to 19.26 
mg/kg. Cd and Cu concentration the values were not detected. The range of pH in sediment is 
7.89 to 8.23 and the range is within the permitted pH range of sediment. The range for 
organic carbon content was 2.06% to 7.86% in the sediment. 

Key words: Residential areas, Shrimp Farming, organic carbon, phosphorus, heavy metals 

Abstrak 

Punca utama yang menyebabkan kesan kepada persekitaran kita adalah aktiviti akuakultur 
terutamanya penternakan udang. Industri penternakan udang pada masa kini semakin 
terkenal di kalangan masyarakat setempat kerana industri tni memberikan keuntungan yang 
besar. Selain itu, kawasan penempatan merupakan faktor lain yang mempengaruhi ciri-Giri 
mendapan sungai di sepanjang Sg. Sibu Laut kerana sisa-sisa pembuangan ke sungai oleh 
penduduk setempat. Tujuan utama dalam kajian tni adalah untuk menentukan kepekatan 
elemn logam, kadar karbon organic, pH bagi mendapan sungai dan kepekatan fosforus. iulat 
kepekatan jumlah fosforus dalam mendapan sungai ialah 24.48 mg/kg hingga 82.29 mg/kg. 
kepekatan elemen logam adalah dibandingkan dengan had bahan pencemar. julat kepekatan 
zn ialah 45.86 mg/kg hingga 96.57 mg/kg, ni pula ialah 14.46 mg/kg hingga 30.24 mg/kg, 
julat Cr ialah 24.49 mg/kg hingga 42.59 mg/kg dan julat Pb ialah 6.58 mg/kg hingga 19.26 
mg/kg. Untuk Cd dan Cu pula, kepekatan tidak dapat dikesan kerana kepekatan adalah 
rendah daripada julat yang dikesan. iulat untuk Ph mendapan pula ialah ana/ara 7.89 
hingga 8.23 dan julat itu adalah dalam lingkungan had yang dibenarkan. Untuk karbon 
organik pula julatnya adalah 2.06% hingga 7.86%. 

Kata Kunci: Kawasan penempatan, pernternakan udang, karbon organik, fosforus, elemen 
logam 
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1.0 Introduction 

In this research, I had run the analysis based on my research project that focused on the 

impact of aquaculture and residential areas on sediment characteristics at Sibu Laut river. 

Sediment samplings were carried out at seven different stations along the main river of Sibu 

Laut River. Aquaculture in this research is mainly focused on shrimp farming at Sibu Laut 

River. The effluent from shrimp farming that content known contaminant such as heavy 

metal, antibiotics, nutrients and organic material in sediment that acts as sink could affect the 

water quality that is in contact with sediment for long duration of time. The manne 

ecosystems will decrease in quality due to the contaminants (Johnston et al., 2009). 

Heavy metal concentrations that are determined in this research are Cadmium (Cd), Copper 

(Cu), Zinc (Zn), Lead (Pb), Nickel (Ni), and Chromium (Cr). The effluent that has heavy 

metals concentration from the waste discharge of aquaculture will settle in the sediment and 

give effect to its characteristics. Heavy metal waste from fish farms will make the 

characteristics of the sediment changes that are caused by the induction of the organic matter 

effluent and the sediment anoxia (Dean et aI., 2006). The discharge from the shrimp farming 

will lead to high levels of certain concentration of heavy metals. The concentration of copper 

and zinc are increasing in Scotland from the Port Bheachan fish farm wastes as reported by 

Dean et al. (2006). 

Total phosphorus in the sediment in this research can also cause the changes in the sediment 

characteristics that will come into contact with the river water. This is because it will lead to 

eutrophication as suggested by Wetzel (2001) that is caused by the release of the excessive 

nutrients for a continuously from shrimp and fish farming. The high concentration of 

phosphorus in the sediment will reduce the quality of river water. According Xie et al. (2003) 

" 

2 




----_...._--_..... _--------.

the main source of the depreciated of the water quality is the phosphorus recycling contents 

in the sediment beds. 

This research is carried out to investigate the contaminants in the sediment of Sibu Laut River 

affected by aquaculture activities and residential areas. Besides, the oxygen demands of the 

sediment for different stations are determined to obtain the value of sediment oxygen demand 

that also has not been done before at Sibu Laut River. The SOD will indicate the conditions 

of the river water based on how bad it is polluted and the safety of the river water whether it 

is safe for the aquatic organisms to live in. 

The objectives of this research were: 

• To determine organic carbon and pH in the sediments of Sibu Laut River. 

• To determine the total phosphorus on sediments of Sibu Laut River. 

• To determine the heavy metal concentrations in the sediments ofSibu Laut River. 
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2.0 Literature Review 

2.1 Sediment Analysis 

2.1.1 Phosphorus 

Phosphorus is the element that can cause changes in the sediment characteristics. It will give 

a negative impact to the water quality that is caused by aquaculture activity such as shrimp 

farming (Boyd et aI., 2008). Phosphorus may come from the discharge of the shrimp farming 

activity and also the residential areas that throwing their waste that content phosphorus into 

the river areas. The essential nutrients that is according to An and Li (2009), phosphorus is 

the essential nutrient for biogeochemical cycle. From the study of Smith et ai. (2006), at 

certain time of the year some sedimentary phosphorus can be released which contributes to 

eutrophication process occur in the lake water under certain conditions. This will lead to 

water pollution and affecting the aquatic organisms to gain oxygen uptake. Shrimp farming at 

the river has high concentration of total phosphorus in the river water beeause the high level 

of effluent from shrimp farming will yield greater pollution effect if compare to the pond 

aquaculture (Boyd et ai., 2008). 

2.1.2 Organic Matter 

Organic matter is the important indicator to determine the river water either it is badly 

contaminated in the presence of organic particulate from the waste discharge or disposal. 

(Nam et ai., 2008). Soil organic matter is that fraction of the soil composed of anything that 

once lived (USDA, 1996). It includes plant and animal remains in various stages of 

decomposition, cells and tissues of soil organisms, and substances from plant roots and soil 

microbes. Carbon is released as C02 gas and as dissolved organic carbon. Organic carbon 
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concentration in sediment ranged from 1.08 to 7.01 % (average 2.46 ± 1.21 %) according to 

Boyd et al. (2010). Information on organic matter inputs to ponds in organic fertilizers and 

feeds could not be obtained, but there were no clear trends in organic carbon concentration 

related to culture species or intensity of culture. The separation of organic matter will lead to 

the environmental effect especially on the changer occur in sediment characteristics 

according to Nam et al., (2008). 

2.1.3 Heavy Metal 

The heavy metals causing most concern include Cd, Pb, Zn, Cr, Cu, Ni and Fe. Human and 

animals will expose to health threats because the bioaccumulation of heavy metals that 

produce high toxicity (Wang et al., 2003). The removal of excess heavy metals from 

contanlinated sites is brought about by chemical, physicochemical, or biological approaches. 

The risky effects of the high concentrations of metals will lead to lack of environment quality 

(Guala et al., 2010). Hence, the heavy metal concentrations that found in the sediment of 

river water may contaminate the water quality and this will lead to contamination of river 

water. In trace amounts, they are mostly necessary elements in living organisms however in 

higher concentrations they are toxic. Soil pollution by metals can be caused by fertilizers and 

pesticides. The increasing of copper and zinc in sediment are caused by the food and feaces 

from the fish farm discharges and copper also can be released by the anti-foulant products 

(Dean et al., 2007). Hence, the discharge from shrimp farming can contaminate the sediment 

with high concentration of zinc in copper within the sediment. 
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The heavy metal contaminated water commonly occurs at the upstream areas according to 

Regnier and Wollast (1993) because of the pollution starts at the upstream. Table below 

indicate the concentration of each of the heavy metal that pollute the sediment. 

Table 1. Sediment Quality Standard (Adapted from Department of Ecology, Washington 

State) 

Heavy metal element Sediment Quality Standards (mg/kg) 

Cd 5.1 

Cr 260 

Cu 390 

Pb 450 

Ni 420 

Zn 410 

2.1.4 SOD 

F or sediment oxygen demand, the aquatic organisms will consume oxygen in the river. 

Hence, the depletion of oxygen supply in both the sediment pore water and, in extreme cases, 

in bottom water will occur that will lead to low level of oxygen concentration in the river 

according to Crawford (2001). Sediment texture refers to the content of sand (0.05-2.00mm), 

silt (0.002-0.05mm) and clay particles «0-0.02mm) in sediment (Brown, 2003). 
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Table 2. Level of SOD related to sediment quality (Butts and Evans, 1978) 

SOD25 range(g 02/m2 day) Generalized benthic sediment condition 

< 0.5 

0.5-1.0 

1.0-2.0 

2.0-3.0 

3.0-5.0 

5.0-10.0 

>10.0 

Clean 


Moderately clean 


Slightly degraded 


Moderately polluted 


Polluted 


Heavily polluted 


Sewage sludge like 


2.1.5 pH 

The determination of pH values is one of the most important tasks in analytical chemistry 

(Vonau et al., 2006). At the present time, pH values are mostly determined electrochemically 

by using electrochemical reactions involving H+ or OH- ions. 
-,
I' 

2.2 Land Use 

2.2.1 Shrimp Farming 

Nowadays, shrimp farming has become a high demand because of increasing number in 

human populations. This is because shrimp farming give a high profit in terms of 

socioeconomic sector (Primavera, 1997). The beneficial profit of shrimp farming industry 

will increase the production of shrimp. However there is an adverse environmental impact 

from shrimp farming industry. There is a consequence of shrimp farming that has greatest 

concern such as mangrove destruction and marshes for shrimp pond culture according to 

Paez-Osuna (2001). 
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Most of mangroves are used for shrimp farming by clearing the mangroves ecosystems 

because shrimp culture activities has been commercialized and has highly demand in human 

population. This will lead to great degradation of the soil. In every country, large mangroves 

area is reduced because of shrimp farming (Valie1a et al. 2001). The effluents from shrimp 

aquaculture are usually excessive nutrients, suspended solid and BOD. The major 

contaminant of shrimp farming discharge is nutrient such as phosphorus that comes from the 

food and fertilizers in shrimp culture areas (Smith et al., 1998). This will cause the 

accumulation in shrimp pond water (Islam et al., 2004). 

There is one way can be used to minimize the impact of shrimp farming according to Bostick 

(2008), better management practices (BMPs) is a tool for reducing negative impacts and 

existing research has documented their efficacy in many cases. The effluent came from the 

shrimp farming discharge that contents organic contaminants will give negative effects to the 

river water (Paez-Osuna, 2001). 
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Station Location 
I 

Kuala Sibu Laut 1 
I 

2 Near Sungai Loba Kilong and Kpg. Sibu Laut I 

i 

Near Kpg. Telaga Air and jetty of Telaga Air 3 

- ... 

4 Along Sg. Sibu Laut (Shrimp Farm area) 

5 Along Sg. Sibu Laut 

6 Near Sg. Sibu 
! 

7 Near Sg. Temenggong where Kpg. 

Temenggong and Kpg. Selang Laut located 

Sediment was collected by grabbing the sediment using plastic bags. There were three trips to 

collect the sediment at these seven different locations. 

Trip Date of Sampling Descriptions 

1 13 August 2010 Low tide 

2 8 December 2010 Low tide with rainy season 

! 

I 
3 20 January 2011 Low tide with hot weather 

10 




3.2 Sediment Analysis 

3.2.1 Particle Size Analysis (PSA) 

In PSA, the separation techniques are needed to separate the different particle size prior to 

any digestion for heavy metal analysis. Particle-size analysis is a measurement of size 

distribution of individual particles in sediment samples. Composite samples of sediment were 

analyzed by sample dispersion techniques that include chemical dispersion, physical 

dispersion and ultrasonic dispersion. Pipet method is used in this PSA according to procedure 

from Day (1965) and Green (1981). 

Sample Preparation 

Bulk samples needs to be spread thinly on trays and air-dried. Thoroughly mix and roll the 

sample to break up clods. The> 2.0 mm size fraction was sieved out Rolling and sieving 

must be continued until only coarse fragments that do not slake in water remain on the 2.0 

mm screen. 

Principle 

The pipet method is a direct sampling procedure depends on taking small subs ample by a 

pipet at a depth h, at time t, in which all particles coarser than particle diameter have been 

eliminated. 

Pretreatment 

In pretreatment were involves the removal of carbonates and soluble salts, organic matter and 

iron oxides. Standard PSA methods require dispersion in an aqueous solution by both 

chemical and physical analysis means. 
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Separation of the sand fractions 

A sample was poured through 53 11m sieve into a 1-L sedimentation cylinder. A 20-cm 

diameter sieve was placed in a large funnel. Samples are washed thoroughly on the sieve. The 

samples were transferred to a tared beaker, dried (105 oC) and weighed. Next, the dried 

samples were transferred to the nest of sieves arranged from top to bottom with decreasing 

size; 1000-, 500-, 250-, 106-, 53-Jlm and pan. After shaking the sieves, each sand fraction 

was weighed and residual silt and clay that passed through the 53 Jlm sieve. 

Determination of silt and clay 

Cylinder containing the silt and clay suspension was placed in the water bath, 10 mL ofNa

Hexametaphosphate (HMP) solution was added and make up to l-L volume with distilled 

water and then cover with a watch glass. The suspension was left for several hours to 

equilibrate. The suspension was stirred thoroughly after equilibration. After the appropriate 

time interval, the closed LoVvY pipet was lowered carefully to the appropriate depth, the 

vacuum was turned on and a 25-mL sample was withdrawn in about 12 seconds. Sample was 

discharged into a tared and numbered weighing bottle. Pipet was rinsed with distilled water 

and the rinsed water was added to the clay suspension in the weighing bottle. Dried at 105 

oC, cooled in a desiccators and weighed. For the determination of silt same procedure was 

used. For the appropriate settling time and selected depths for sand and clay were referred to 

the particle size analysis section in Methods of Soil Analysis Part 1 (Campbell et al., 1986). 
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Calculating weight of treated soil 

To prevent the formation ofCaC03, 10 mL of 1M CaCh and 1 mL of 1M HCI were added to 

the suspension. After flocculation has occurred siphon off the clear solution. Soil from the 

cylinder the needs was transferred to a tared beaker, evaporated and dried at 1050 C and 

weighed. Total oven-dry weight: 

Where, 

Ws = oven dry weight of sand fraction 

Wp = corrected oven dry weights of pipet samples 

WR corrected oven dry weight of residual silt and clay 

WT total weight of treated sample 

Table 3. Example Calculations of three particle-size percentages using a 25-mL pipet 

I Particle size I Sample weight Concentration Corrected Percent less 
concentration * 

;mm g giL than ** 
giL 

% 
; 0.020 0.114 4.56 4.06 39.8 
10.002 0.073 2.92 12.42 23.7 

0.0002 0.057 2.28 1.78 17.4 

* Dispersing agent concentration 0.5 giL 

** Base on oven-dry weight of treated sample, WT 10.21 g 
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3.2.2 Heavy Metal 

The total heavy metals such as Cd, Cu, Cr, Zn, Ni and Pb in sediments and soils, was 

commonly done to evaluate the degree of contamination of aquatic and terrestrial 

environments. 

Sediment Sampling 

Using a grab sampler, sediments were collected in triplicates in each station. The top few 

centimeters of the sediment were taken up for analysis. Sediment samples were kept in 

polyethylene sampling bags for preservation at 40 C and lab work. 

Sediment sample preparation and digestion 

After collection, sediment samples were air-dried for at least two weeks in the laboratory. 

Dried samples were grounded and passed through a 2mm sieve. 1.0 g of the sample was 

weighed and placed into a 100 mL beaker. 5 mL of 65% nitric acid and 15 mL of 37 % 

hydrochloric acid was added. Organic matter was destroyed by concentrated 35 % H20 2• 

Samples were digested on hot plate for three hours. After digestion, samples were cooled 

before filter through 0.45 !lm membrane filter and diluted to 100 mL with deoinized water in 

a 100 mL volumetric flask. Solution were transferred into 100 mL polyethylene bottle and 

kept at 40 C and all samples were analyzed in triplicates. 

Cone of heavy metal (~g)Xl00
Conc of heavy metals (7;) [1]

wt of sample(g)xwt of oven-dried sediment 

14 
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Analysis of sample 

Sediment sample solutions were analyzed by using AAS (Thermo Scientific, iCE 3000) to 

determine the heavy metal elements. 

Table 4. Detection Limits of Heavy Metal 

I 

I 

Heavy Metal Elements Detection Limit (mg/kg) 

Cd 0.0028 
I 

Cu 0.0045 
i 

I 
Pb 0.0013 

Zn 0.0033 

N 0.008 I 

I 

Cr 0.0054 

3.2.3 Sediment Oxygen Demand (SOD) 

SOD analysis method in this study follows that of Truax et al. (1995). Immediately upon the 

samples arrive at the laboratory, the sediments were equilibrated to the room temperature. 

Two chambers consisting of sediment chamber and blank chamber with the height of24.0 cm 

and inner diameter of 24.2 cm were set up in the laboratory according to Ling et al. (2009). 

The volume of each chamber was 11 Htres and the surface area of the sediment was 

0.0061293 m2
• The clean chambers were filled to three-fourths full by using the river water. 

Three core samples were placed in the sediment chamber and the chamber was filled to the 

top with channel water. The chamber was covered, calibrated dissolved oxygen (DO) meter 

was inserted and entrapped air was removed before being sealed with silicon seal. Six 

chambers were set up simultaneously. The chamber was left for 10 minutes to allow 

suspended sediments to settle. DO value was recorded at 10 minutes intervals for three hours. 

15 
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The SOD rate was calculated from a graph of DO concentration in the chamber versus time. 

The slope of the oxygen depletion line was determined through linear regression. SOD was 

computed according to Equation 2 (Doyle and Rounds, 2003). 

SODT 1.44 VIA [bs - bc] [2] 

where SODT was the sediment oxygen demand (g O2 Im2/d), V was the volume of the 

chamber (L), A was the surface area of the sediment (m2), bs was the slope of DO versus time 

for chamber with sediment and be was the slope of Do versus time for control chamber. 

Measured SOD rates were corrected to 20°C and 25°C using modified van't Hoff form 

[Equation 3] of the Arrhenius relationship (Bowie et aI., 1985). 

2oSOD2o SODT/1.065T- [3] 

where T was the water temperature (OC), SOD2o was the SOD rate at 20°C (g O2 /m
2/d) and 

SODT was the SOD at temperature T (g O2/m2/d). 

3.2.4 Total Phosphorus 


Method 


For the determination of TP, perchloric acid (HCI04) was used according to Methods of Soil 

Analysis, Part 3, Chemical Methods (Sparks et ai., 1996). 

Sample Preparation and Digestion 

Two grams of air-dried sediment « 0.5 mm) and 30 mL of 70% HCI04, were added into 250 

mL volumetric flask covered with pyrex funnel. The mixture was digested in a preheated 
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sand bath on a hot plate at 1300 C in a well-ventilated, stainless steel hood until the dark color 

due to organic matter disappears. Continue heating at 203 0 C for 2 minutes. Heavy white 

fumes of HCI04 appear when the digestion was completed and the silica becomes white. 

Then, 1 or 2 mL of HCI04 was added to wash down any black particles. 

Procedure 

After digestion was completed, the mixture was cooled. Diluted with deionized water to 250 

mL and mixed well. Solid material was allowed to settle. An aliquot containing 2 to 40 /lg P 

was transferred to a 250 mL volumetric flask. Five drops of 0.25 % p-nitrophenol indicator 

was added and adjusted the solution pH with dropwise addition of 5 M NaOH until the color 

of the indicator change from colorless to yellow. The P concentrations were determined by 

the ascorbic acid method (Murphy and Riley, 1962). 

Ascorbic Acid method 

Procedure 

An aliquot of sample and P standard solution that contains 2 to 40/lg P was transferred to a 

250 ml volumetric flask. About 250 ml of deionized water diluted to the sample, 8 ml of 

mixed reagents is added. The absorbance was measured at 880 nm after 10 minutes. A blank 

that contains all reagents except the P solution was prepared. 
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3.2.5 Organic Matter 

To determine OM, loss-on ignition method was used according to Methods of Soil Analysis, 

Part 3, Chemical Methods (Sparks et ai., 1996). 

To determine total organic carbon equation [4] according to Ma et ai. (2009) was used. 

TOC (%) 0.S8 X OM (%) [4] 

Procedure 

Beakers were heated in muffle furnace at 400 0 C for 2 hour, cooled and determine tared 

weight to 0.1 mg. Then, 1 to 3 g of air-dried sediment ground to OAmm to a tared beaker was 

added and heated at 10S oC for 24 hour. Beaker was cooled in a desiccators over CaCh and 

determine weight of beaker plus sample to 0.1 mg. Weight of oven-dried sample was 

obtained by subtraction. Samples were ignited in a mume furnace at 4000 C for 16 hour. 

Beakers were cooled in desiccators over CaCh and determine weight of sample plus ignited 

sample to 0.1 mg. Weight of ignited sample was calculated by subtraction. LOI content of the 

sample was calculated as: 

Where, 

WI05 Weight of sediment sample after heating at lOSoC 

W400 = Weight of sediment sample after ignition at 400°C 
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