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ABSTRACT 

 
Sediment oxygen demand (SOD) is the oxygen consumption exerted by bottom sediment to the overlying water. 

The uptake of dissolved oxygen (DO) by sediment is usually attributed to the aerobic decomposition of organic 

matter by microorganism at sediment-water interface and reaction of oxygen with anaerobic respiration by-

products.  Because the sediments are repository for decaying organic matter, SOD is often a major contributor to 

DO depletion in poorly fluxed rivers. Low DO concentrations can be detrimental to fish and other aquatic life in a 

stream. In this study, SOD20 values obtained at five sampling stations ranged from 0.04 to 0.44 gO2/m
2
day. The 

benthic sediment quality was classified as clean to moderately clean base on this range. Organic matter, total 

phosphorus and total kjeldahl nitrogen were ranged from 10.59 to 26.46%, 287.5 to 1445.83 mg/kg and 508.33 to 

1277.08mg/kg respectively. Linear regression analysis had been assessed as well in order to determine the 

relationship between SOD with organic matter, nutrient content and particle size. Results of the present study 

supported the hypothesis this study that organic matter and nutrient content were major factors that contributed to 

oxygen demand within the study site. However, it is also noted that there was a poor correlation between sand 

percentages and SOD values. 

 

Key words: sediment oxygen demand, laboratory measurement, organic matter, nutrient content  

 

 

ABSTRAK 

 
Permintaan oksigen enapan (SOD) ialah penggunaan oksigen yang dikenakan daripada enapan pada bahagian 

dasar terhadap air pada bahagian atas. Pengambilan oksigen terlarut oleh sediment selalunya menyebabkan 

penguraian aerobik bahan organik oleh microorganism pada enapan-air sempadan dan tindak balas antara 

oksigen dengan bahan sampingan daripada respirasi anaerobik. Oleh sebab enapan merupakan gedung bagi 

bahan organik yang reput,  maka SOD menjadi punca utama pengurangan oksigen terlarut dalam sungai yang 

alirannya terhad. Kandungan oksigen terlarut yang rendah akan membahayakan ikan dan hidupan akuatik yang 

lain dalam sungai. Dalam kajian ini, nilai SOD20 diperolehi daripada lima tempat pensampelan berada dalam 

lingkungan 0.04 to 0.44 gO2/m
2
day. Kualiti enapan telah diklasifikasikan sebagai bersih dan sederhana bersih. 

Bahan organik, fosforus keseluruhan dan nitrogen kjeldahl keseluruhan berada dalam lingkungan 10.59 to 

26.46%, 287.5 to 1445.83 mg/kg and 508.33 to 1277.08mg/kg secara masing-masing. Analisis regresi garis lurus 

juga telah ditaksirkan untuk menentukkan hubungan antara SOD dengan bahan organik, fosforus keseluruhan, 

nitrogen kjeldahl keseluruhan dan saiz partikel. Keputusan yang telah diperoleh daripada kajian ini menyokong 

hipotesis kajian ini di mana bahan organik dan kandungan nutrisi merupakan faktor utama menyumbang kepada 

permintaan oksigen dalam tempat pengkajian. Walaubagaimanapun, kajian ini juga menunjukkan hubungan 

yang kurang memuaskan antara fraksi pasir dan nilai SOD.   

 

Kata kunci: permintaan oksigen enapan, pengukuran makmal, bahan organik, kandungan nutrisi 
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CHAPTER 1 

1.0 INTRODUCTION 

 The presence of adequate amounts of dissolved oxygen (DO) in aquatic environments 

is critical to maintaining healthy populations of aquatic organisms. Oxygen loss may create 

anoxic conditions that result in aquatic organisms kills.  

 

 A number of variables affect DO concentrations including algal activity, vegetation 

concentration, water temperature, flow velocity, reaeration, photosynthesis, biological oxygen 

demand, and sediment oxygen demand (SOD) (Pelletier et al, 2006). These natural processes 

must be in balance with each other for healthy levels of DO to be present. When one or more 

becomes dominant, oxygen can be consumed in disproportionate amounts that lead to low DO 

and results in impaired water quality.  

 

 DO levels in the water column are directly related to the oxygen demand of underlying 

sediments. SOD is the rate of removal of dissolved oxygen by the bottom sediment from the 

overlying water due to the decomposition of settled organic matter (Chau, 2002). 

 

 SOD can effectively deplete water systems to uninhabitable levels of dissolved 

oxygen. This occurs when oxygen-dependent microorganisms and chemical processes decay 

organic sediments and vegetation at the bed level of water bodies. The ensuing processes 

exhaust the oxygen in the sedimentary level and subsequently become a significant DO sink in 

overlying water layers (Milburn, 2007). 
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 Oxygen demand in sediments is a key issue in determining water quality. According to 

Avnimelech and Ritvo (1979), the properties of the sediments and processes occurring at the 

sediment and in the sediment–water interface are very important regarding the well being and 

growth of aquatic organisms. It is thus of importance to quantify precisely and identify the 

processes responsible for sediment oxygen demand in benthic environments (Rabouillea et al., 

2003).  

 

 It is well established that sediment oxygen demand is an important parameter in water 

quality models and can be a significant component of the dissolved oxygen budget in the 

overlying waters. Hanes and Irvine (1968) reported that SOD in certain water bodies 

accounted for as much as 50% of the total oxygen demand. Promeroy et al. (1965) 

demonstrated that sediment nutrient release could maintain nutrient concentrations in 

overlying waters enough to support significant algal growth.  

 

 As Nakamura et al. (1994) have demonstrated, SOD is related to several parameters 

including the velocity of the overlying flow, DO at the sediment-water interface, resuspension, 

sediment characteristics, and deposition patterns. However, this study will only focus on 

association between SOD and sediment characteristics including organic matter, particle size, 

total phosphorus and total kjeldahl nitrogen.  

 

 SOD plays a prominent role in reducing the dissolved oxygen content of the poorly 

flushed lower layer of river. Thus, the objectives of this experimental study were aimed at the 

investigation of the SOD values of different types of sediment (sandy, muddy and organically 

enriched muddy) at Semariang river. 
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CHAPTER 2 

2.0 LITERATURE REVIEW 

2.1 Dissolved Oxygen  

2.1.1 Factors Affecting DO  

 There are a number of natural processes that affect DO concentrations in water bodies. 

These include biological oxygen demand (BOD), SOD, photosynthesis, aquatic plant 

respiration, growth, and mortality rates, residence time and reaeration.  

 

 Algal photosynthesis rates are important in the DO level because it is an oxygen 

producing process. In reaches with significant obstructions to solar radiation penetration, this 

reaction is restricted resulting in lowered DO throughout the water column (Perna, 2005; Jones 

and Stokes, 2005). Decreased photosynthesis is also responsible for reducing diel cycling 

according to Walla River Basin TMDL (Joy and Pelletier, 2007). 

 

 In addition, reaeration plays a large role in river quality health. Stratification can 

produce a shallow surface layer and limit reaeration of water below the surface layer. In the 

Australian vegetation removal project reaeration rates increased substantially once weed mats 

were harvested (Perna, 2005). This was considered a major contributor to increased DO levels 

that were observed almost immediately following cleaning operations. Rainfall was found to 

affect reaeration rates by causing surface turbulence (Belanger and Korzun, 1991). This 

rainfall effect could be limited in highly vegetated reaches where direct precipitation is 

prevented from dropping onto the water surface by obstructing stems and leaves. 
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 Dissolved oxygen (DO) levels in the water column are directly related to the oxygen 

demand of underlying sediments. SOD can effectively deplete water systems to uninhabitable 

levels of dissolved oxygen. This occurs when oxygen-dependant microorganisms and 

chemical processes decay organic sediments and vegetation at the bed level of water bodies. 

The ensuing processes exhaust the oxygen in the sedimentary level and subsequently become 

a significant DO sink in overlying water layers. 

 

2.1.2 Impact of Low DO to Aquatic Life 

 

 Lee and Jones-Lee (2003) summarized the effects of decreased DO on fish and other 

aquatic life based on the information in the US EPA guidance document for the DO water 

quality criteria (US EPA, 1986). DO concentrations between the water quality criterion and 

several mg/L below the criterion would be expected to slow aquatic life growth rate; the 

amount of impact is proportional to the amount of depletion below the criterion. There is, 

however, a critical DO level of about 2 to 3 mg/L; if the DO remains at or below that level for 

a period of time, significant mortality will occur in most fish populations. 

 

2.2 Sediment oxygen demand 

2.2.1 Types of Sediment 

 

 According to Avnimelech and Ritvo (2003), the term sediments is used in the 

limnological and oceanographic literature pertaining to the fact that bottom of water column 

are made mostly of materials sedimenting from the water during long periods of time. 

Basically, sediment can be divided into two broad categories, benthic and sludge according to 
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Avnimelech and Ritvo (2003). Benthic deposits originate from runoff containing detrital 

matter. These deposits are characterized as old compacted accumulations of partially stabilized 

organic residues and muds. They are relatively inactive, decomposing at a very slow rate. 

Sludge deposits are fresh organic deposits arising primarily from both the sedimentation of 

plankton and feed residues. These deposits undergo active decomposition of a semi-anaerobic 

character, with end products readily leaching into the bottom part of the ponds and utilizing 

dissolved oxygen from that water (Avnimelech and Ritvo, 2003). 

 

 Water column are constructed in native soils, having bottom soils. Later, both the 

sedimentation of plankton and feed residues as well as the scouring of loosely consolidated 

soil and deposition of fine particles on the bottom, leads to a change in the properties of the 

bottom soil (Avnimelech and Ritvo, 2003). Often, one finds in the stagnant or deeper parts of 

the pond an accumulation of very soft loose material, relatively rich in organic matter that is 

often called sludge. Sediments accumulating in lined ponds, having high organic matter 

concentrations would also be defined as sludge. There is a continuum from bottom soil, 

through sediment to sludge (Avnimelech and Ritvo, 2003). 

 

2.2.2 Sediment texture 

 

 Sediment texture is a term commonly used to designate the proportionate distribution 

of the different sizes of mineral particles in sediment. It does not include any organic matter. 

These mineral particles vary in size from those easily seen with the unaided eye to those below 

the range of a high-powered microscope. According to their size, these mineral particles are 

grouped into different categories (Brown, 2003).  
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 Since various sizes of particle have quite different physical characteristics, the nature 

of sediment is determined to a remarkable degree by the particular separate that is present in 

larger amounts. Thus, sediment possessing a large amount of clay has quite different physical 

properties from those made up mostly of sand or silt (Brown, 2003). 

 

 Sediment texture refers to the content of sand (0.05 – 2.0 mm), silt (0.002 - 0.05 mm) 

and clay particles (<0.002 mm) in sediment. There are twelve major textural classes. Their 

compositions are defined by the USDA textural triangle (Brown, 2003).  

 

Figure 1. USDA textural triangle. 

 

2.2.3 Microbial Activity in Sediment-Water Interface 

 

 Sediments are enriched with nutrients and organic matter by sedimentation of organic 

materials to the natural water resources bottom soil. The concentrations of nutrients (including 

organic carbon compounds) in the water column bottom soil are typically several orders of 
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magnitude higher than those found in the water (Table 1). The amounts of nutrients in a 1 cm 

layer of the pond bottom are normally about 10 or more times higher than the equivalent 

amounts in a 1-m deep water column. The bottom becomes a favorable site for microbial 

development due to the availability of organic matter. Bacteria consume large amounts of 

oxygen and sediments become anoxic below the surface (Avnimelech and Ritvo, 2001). Ram 

et al. (1981, 1982) found that the density of aerobic and anaerobic bacteria in the bottom soil 

is two to four orders of magnitude higher than the density of these groups in the water column. 

 

2.2.4 Factors Affecting SOD Rates 

 

 As Nakamura et al. (1994) have demonstrated, SOD is related to several parameters 

including the velocity of the overlying flow, DO at the sediment/water interface, resuspension, 

sediment characteristics, and deposition patterns. 

 

 BOD represents the oxygen consumption occurring within the water column, SOD by 

contrast is limited in most studies to the interactions consuming DO at the sediment-water 

interface. There seems to be disagreement in whether resuspended sediments should be 

considered SOD or BOD (Matlock et al., 2003), but all researchers agree resuspension plays a 

large role in rapid oxygen consumption. In a TMDL oxygen demand study in the San Joaquin 

River researchers determined that significant resuspension events can result in elevated 

oxygen demands near the sediment-water interface (Litton et al., 2003) and during an SOD 

study in the Arroyo Colorado River researchers documented that when the limits of diffusion 

no longer exist (as occurs during a resuspension event), very large oxygen consumption events 
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can occur very rapidly (Matlock et al., 2003). Matlock et al. (2003) also noted that sites with 

high sediment deposition potential had high SOD. 

 

 Two studies sought to find relationships between sediment characteristics and SOD 

without success. In an SOD study in the Lower Willamette River in Oregon, the researchers 

investigated moisture content, percent sand and percent organics before concluding no 

statistically significant correlations were found between these sediment characteristics and 

sediment oxygen demand (Caldwell & Doyle, 1995). Of particular interest is that they found 

poor correlation between SOD and organic content of the sediments. However, they also 

acknowledged that it is reasonable to assume that the SOD associated with gravels and cobbles 

is less than the SOD where the chambers could be inserted (soils with a higher percentage of 

silt and loose material). In the Tualatin River Basin report the authors assert that sediments 

with high sand and low organics typically will have the lowest SOD values whereas the 

highest SOD will be found in sites high in organic sludge (Rounds and Doyle, 1997). However 

when they attempted to find a correlation between chlorophyll concentration and SOD, there 

were unable to find any significance. Instead, they determined that within-site heterogeneity 

contributed more to SOD differences than individual variables (Rounds and Doyle, 1997). As 

part of the same study they looked at the potential for an algal detritus/SOD connection and 

found that while algal detritus does indeed contribute to SOD, most of the SOD is likely to 

originate from non-algal sources of organic matter (Rounds and Doyle, 1997). In general, the 

measured SOD values were strongly related to observable sediment characteristics; sandy 

sediments exhibited generally lower SODs than silty sediments (Rathbun et al., 1995). 

 

 According to a DO report on the San Joaquin River in California residence time affects 
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DO quality by increasing the duration BOD substances are exerting oxygen demand on a 

given channel segment (Jones and Stokes, 2005). The report specifically stated that the larger 

the residence time, the more of the BOD will decay and the DO concentration will decline. 

This subsequently affects SOD by increasing the amount of decaying BOD particulates 

settling out of the water column onto the sediment below. 

 

 Besides, sedimentation rates, deposition patterns, and resulting water qualities are all 

greatly affected by the velocity of the overlying flow. This is due in part to the size of the 

transported bed load, the lack of fresh oxygen-bearing inflow and the tendency for sediment 

accumulation in lower velocity regions. When flow velocities are low, a unique set of 

sedimentation characteristics arise. Deposition patterns contribute a challenge to developers, 

biologists, stream restoration experts and landowners. The USGS recognizes the unique 

characteristics of suspended sediment rates in lower velocity regimes and revealed that when 

mean stream velocities are low [less than about 2 ft/s (0.6m/s)] and the flow is tranquil, 

generally fine silt- and clay-sized particles are in suspension, and sediment concentrations do 

not vary greatly either vertically or laterally.  

 

2.2.5 Values of SOD Reported in Literature 

 

 Wu (1990) measured the SOD of different bottoms (sandy, muddy and organically 

enriched muddy) at a fish culture site and obtained values from 21 to 516 mgO2/m
2
h by 

employing a respirometer. Wu et al. (1994) also reported that, by using the same respirometer, 

the average SOD value measured in 1990 at the fish culture zone in Three Fathoms Cove was 

400 mgO2/m
2
h. Lee et al. (1991) listed the measured SOD values during 1987-1989 at the 
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same fish culture zone and found that the values could vary from 33 to 800 mgO2/m
2
h. Yung 

and Lee (1995), by employing a twin-jet cylindrical SOD chamber, obtained a SOD value of 

105 mgO2/m
2
h for an organic sediment surface prepared by mixing dewatered sludge with fine 

sand at a ratio of approximately 3 to 1 and a very high SOD value of approximately 500 

mgO2/m
2
h at the tail of an algal bloom that occurred in 1991. 

 

Table 1. Level of SOD related to sediment quality (Butts and Evans, 1978) 

SOD25 range (gO2/m
2
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 

 

2.3.0 SOD Technique Selection 

 

 There are generally two categories of techniques for measuring SOD and sediment 

nutrient fluxes: laboratory measurement of sediment core samples, or in situ field 

measurement. Both methods have their own pros and cons.  
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2.3.1 Laboratory Measurement 

 

 Laboratory measurements are generally more accurate than field measurements as they 

are carried out in a more controlled environment. The laboratory technique often yields data of 

high precision (Bowman and Delfino, 1980) and can be performed under more uniform 

conditions (especially temperature). However, transportation of sediment from the site to the 

laboratory inevitably involves a certain degree of disturbance to it, no matter how careful the 

process is. The extent of reproducibility of ambient field conditions in the laboratory may also 

affect the accuracy of the measurements. The delayed measurement of sediment samples may 

also have an effect. According to Truax et.al. (1995), the main difference between in situ and 

laboratory methods is the requirement for sample extraction in the laboratory procedure.  

 

2.3.2 In situ Field Measurement 

 

 In situ field measurements can minimize manipulation of sediment and can reflect 

ambient field conditions well. But the measurement is carried out on site, usually under a more 

dynamic ambient environment, which affects the degree of accuracy to a certain extent. 

Moreover, depending on the actual configuration details and design of the equipment, the 

process of in situ measurement may also disturb the ambient conditions. Murphy and Hicks 

(1986) concluded that current techniques of in situ SOD measurement are still far from 

satisfactory. In situ measurement of SOD is a time consuming and difficult task. Hence, the 

laboratory technique will be employed in this study. 
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CHAPTER 3 

3.0 METHODOLOGY 

3.1 Sampling Location 

 The sediments samples were obtained from five stations along Samariang Batu river 

including station 1 (Loba Bodoh Besar River), station 2 (Semariang Batu Village jetty), station 

3 (Loba Kara River), station 4 (Lemidin River) and station 5 (Batang Mangkuang River). 

Station 2 and 3 were selected as they receive the point source discharge from the village and 

shrimp farm respectively. On the contrary, station 1, 4 and 5 were situated far away from the 

effluent discharge and thus they had reduced nutrient loading.  

 

Figure 2. Study area and sediment oxygen demand measuring sites. 
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3.2 Laboratory SOD Measurement 

 

 

Figure 3. SOD respirometer that was set up in laboratory. 

 

 Sediment samples were collected from five stations on 11 December 2008. At each 

sampling station, four undisturbed sediment cores were collected (three for SOD measurement 

and one for sediment characteristic analysis) and capped on the top and at the bottom with 

PVC caps. The inner diameter and height of the sediment core was 5.08 cm and 12.7 cm 

respectively.  The sediment was collected from the bottom of the river during low tide with 

flow velocity ranging from 0.23 to 0.54 m/s. Raw water samples were collected from the clean 

station (station 4).  

 

 The sediment samples were packed in ice and stored in a cooler box for return to the 

laboratory. This would provide shock resistance and lower temperature in order to reduce 

bioactivity. Samples were transported to the laboratory as soon as possible and with care to 
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minimize core disturbance. Sediment samples for sediment characteristic analysis were 

preserved at 4 °C prior to analysis. 

 

 Two chambers consisting of sediment chamber and blank chamber were set up in the 

laboratory with the height of 24.00 cm and inner diameter of 24.16 cm. The volume of each 

chamber is 11 L. Immediately after the sample arrived at the laboratory, the sediments were 

equilibrated to the room temperature. The clean chambers were filled to three-fourths full by 

using the appropriate sample of channel 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. Any 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 any suspended sediments to settle. Finally, pump operation was 

initiated to provide the flow rate of 250 mL/s and flow velocity of 14.79 m/s. At the same 

time, calibrated DO meter was inserted. DO value was recorded at 10 minutes intervals for 

three hours.  

 

 Method which was used to calculate SOD in this study was similar to those used by 

Truax et. al. (1995). 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. The following equation was used to calculate the SOD rate:  

 b
A

V
SODT  024.0

         [1]
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where SODT is the sediment oxygen demand rate in grams of oxygen per square meter per day 

(g O2/m
2
/day) at water temperature T, b is the slope of dissolved oxygen concentration with 

time in milligrams per liter per hour (after subtracting the slope measured in the control 

chamber), V is the volume of the chamber in liters, A is the area of bottom sediment covered 

by the chamber in square meters, and 0.024 is a units-conversion constant.  

Then, the measured SOD rates were corrected to 20 and 25 degrees Celsius for comparative 

purposes using a Van’t Hoff equation:  

 2020
065.1 


T

TSOD
SOD

          [2]

   

 2525
065.1 


T

TSOD
SOD

          [3] 

where SOD20 is the SOD rate at 20 degrees Celsius, SOD25 is the SOD rate at 25 degrees 

Celsius and T is the water temperature during measurement in degrees Celsius (Thomann and 

Mueller, 1987; Butts and Evans, 1978). This correction does not hold for temperatures less 

than 10 degrees Celsius. The SOD20 value is useful when comparing SOD rates obtained at 

different temperatures.
 

 

3.3 Organic Matter Analysis  

 

 Organic matter analysis was carried out according to Loss on Ignition (LOI) method 

(Boyd, 1995). The Loss on Ignition (LOI) method for the determination of organic matter 

involves the heated destruction of all organic matter in the soil. A clean crucible was tared and 

about 2 g of air-dried soil was added. The sample was placed in an oven at 105 °C for 24-48 h. 
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The sample was then removed, cooled in a desiccator, and weighed. The sample was placed in 

a muffle furnace at 350 °C for 8 h, removed from the furnace, cooled in a desiccator, and 

reweighed. Compute the organic matter concentration as follows:  

 100)/()(100(%)  TTSTF WWWWOM      [4] 

where OM is organic matter concentration ( % ), WT is the tare weight of crucible (g ),WTS is 

the tare weight of crucible and oven dry soil (g ) and WF = weight of crucible and soil after 

ashing (g) 

TOC can be calculated by following formula: 

TOC = OM% x 0.58          [5] 

         

3.4 Particle Size Analysis 

 

 In this study, pipet method was used as a standard method for sediment particle size 

analysis. This procedure was adapted from Chin (2000). 

 

 Ten grams of soil was weighed into a beaker. Then, 20 ml of hydrogen peroxide, H2O2 

was added and it was left to stand overnight. The following morning, the mixture was boiled. 

More H2O2 (10 ml) was added when the reaction subsides and repeated boiling. Addition of  

H2O2 was repeated until most of the organic matter had been destroyed as judged by the rate 

of reaction and bleached colour of the sample. The side of the beaker was rinsed occasionally. 

After the final addition of H2O2 it was heated it for about 1 hour to destroy excess H2O2.  

 


