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ABSTRACT 

This study was carried at a prawn fann at Santubong area. The objectives of this study were to 

detennine the Biochemical Oxygen Demand (BOD) loadings from the shrimp ponds at 

different days of cultured. Water samples were collected from stocking to harvesting at two 

weeks intervals. The BOD level was low at early cultured and increased as the prawn growth. 

The BOD level was also found to increase with increasing amount of feed given. The 

estimated BOD loading in this prawn fann was approximately 672 kg per year. Therefore, the 

estimated BOD loading for a complete cycle of prawn crop was 335 kg per harvest. 

Key words: BOD loading, shrimp pond 

ABSTRAK 

Kajian ini telah dijalankan di salah sebuah ladang udang di sekitar kawasan Santubong. 

Objektif kajian ini adalah untuk mengenalpasti jumlah muatan BOD (Biochemical Oxygen 

Demand) bagi setiap kolam udang mengikut bilangan hari pemeliharaan udang dan jumlah 

makanan yang diberikan. Sampel air kolam diambil setiap dua minggu; bermula pada 

peringkat awal udang tersebut diternak sehinggalah mencapai tahap kematangan. Nilai BOD 

adalah rendah pada peringkat awal penternakan dan semakin meningkat dengan 

bertambahnya kematangan udang. Selain itu, jumlah makanan yang diberikan setiap hari 

juga memberi kesan kepada nilai BOD. Anggaran jumlah BOD bagi ladang udang ini adalah 

672 kg setahun. Oleh itu, bagi satu kitaran udang yang lengkap akan memberikan jumlah 

BOD, 335 kg semusim. 


Kata kunci: Jumlah muatan BOD, kolam udang 
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CHAPTER ONE 

1.0 INTRODUCTION 

Aquaculture or the fanning of aquatic organisms, is known to have been practiced in 

various fonns. It is thought to have originated in mainland China (De Silva and Anderson, 

1995). According to the Food and Agriculture Organization, F AO (1990), the most recent and 

internationally accepted definition of aquaculture:

" .. . the fanning of aquatic organisms including fish, mollusks, 

crustaceans and aquatic plant. Fanning implies some fonn of 

intervention in the rearing process to enhance production, such as 

regular stocking, feeding, protection from predators etc. Fanning also 

implies individuals or corporate ownership of the stock being 

cultivated." 

The commercial importance and popularity of the freshwater prawn is gaining 

recognition due to its high growth rate, hardiness and very low protein requirement. As the 

population grow, more and more people are adopting prawn fanning to fulfill the increasing 

demand for food. 

1.1 Prawn Farm Management 

1.1.1 Prawn Culture System 

General ly, the production cycle for prawns can be divided into three major phases; 

hatchery, nursery and grow out (Bardach, et. aI., 1972). During the hatchery phase, prawn 

larvae are reared to postlarvae in saltwater tanks. In the nursery phase, the small postlarval 

pra are placed in freshwater tanks or small ponds and reared to juveniles at relatively high 

populatJ densities. The grow out or production phase involves culture of postlarvae or 
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nursery reared juveniles to marketable size. The grow out systems can be divided into 

extensive and intensive systems, both which may be operated in a continuous production 

cycle or in a discontinuous, 'batch harvest' cycle (Csavas, 1994). 

1.1.2 Stocking and harvesting 

The stocking density of the prawns is also one of the major effect on the out come and 

time period of the crops. However the stocking density does not remain constant due to 

mortality. The higher the mortality rate the lower the prawn density. 

Juvenile prawns must be gradually acclimated to conditions in the grow out pond to prevent 

temperature shock or other types of stress. Lower stocking densities will yield larger prawns 

but lower total harvested prawns. The duration of the grow out period depends on the water 

temperature of the pond (Abramo and Brunson,2002). Besides, the time of harvesting also 

depends partly on the growth rate, market size desired and facilities available in the farm. The 

complete cycle of prawn crop is generally 120 - 140 days. 

1.1.3 Feed Management 

Feed management is the backbone for effective prawn farming which the fate of the 

entire farm resides. A successful farming on the other hands, must involve supplementary 

feeding. The types of feed used in freshwater prawn farming vary widely and include 

individual animal or vegetable raw materials and feed mixtures prepared at the pond bank 

which are generally referred to as farm-made feeds. Commercial feeds may be the most 

productive and reliable to use but they are expensive and not always available to the small 

farmer. Commercial feeds for freshwater prawns tend to use ingredients which are available 

in large quantities; many ofthem are global commodities, such as fish meal or soybean meal. 
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Freshwater prawns are omnivores and, so far as is known at present, their nutritional 

requirements are not very demanding (layachandran, 2001). Some farmers utilize commercial 

feeds designed for marine shrimp in freshwater prawn nurseries or during the first few weeks 

of the grow-out phase when prawns are stocked as post-larvae. 

Marine shrimp feeds have a much higher protein content than is needed for freshwater 

prawns (Christy and Rahman, 1999), so cheaper commercial feeds that have either been 

specifically designed for freshwater prawns must be used in grow-out ponds stocked with 

nursery-reared juveniles, or substituted as soon as possible in those stocked with post-larvae. 

Use of individual raw materials, especially wet materials (such as trash fish and beef 

liver),may stand more risk of causing pond water to become polluted. Compounded feeds, 

especially when they are water-stable will cause less problems. Well-bound compounded 

feeds also results in less water pollution and makes task of judging how much feed to give 

each day easier. Feeds can be made water-stable by including a wide range of naturally 

occurring and modified gums and binders, by adding pre-gelatinized starch, and by certain 

processing techniques used by feed manufacturers (De Silva and Anderson, 1995). 

There can be no exact general recommendation for daily feeding rates, because these 

depend on the size and number of prawns in the pond, the water quality, and the nature of the 

feed. If juveniles are stocked, the rate might be 20-10% of body weight (depending on 

juvenile size) and it would decline gradually to about 2% by harvest time (Christy and 

Rahman, 1999). However, this may result in some underfeeding for the others especially the 

larger prawns. 

Feeding should start at a fixed amount, which depends on the pond size, to encourage 

growth of natural food. Feed are spread around the periphery of the pond in the shallows, 
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water quality parameter 

which are good feeding zones. This practice also leaves the areas in between the feeding 

zones clean, thus lessening pollution and promoting more healthy rearing conditions. 

There are two methods of feeding prawns; broadcasting and tray feeding 

(Jayachandran, 200 I). But, the best way of feeding is to use feeding trays which can be lifted 

out of the water for inspection. By using the tray method, the tray will lift out of the water for 

inspection to see how much feed has been consumed before the next feed distributed. If there 

is no feed left on the following day, the feeding rate should be increased. If there is excessive 

food left, the feeding rate should be decreased. In cases of over-feeding, which may cause 

water quality problems, feed may even be omitted for a day. The need for the operator to be 

able to see the unused feed after 24 hours highlights one of the advantages of a water stable 

diet. 

1.2 	Water Quality Parameters 

Monitoring water quality parameter is a vital aspect of prawn fanning. Changes in 

occur on the basis of stocking density, feeding rate and water 

change. Oxygen depletion is the most common hazard in prawn fann, which can be caused 

by heavy organic load, overfeeding and presence of algal blooms (Saxena, 2003). The level of 

o ygen can be raised by using aerators or water exchange. 

Water quality and soil condition simply worsen as feeding rates are raised, and with 

the current knowledge of environmental factors and their manipulation there is no feasible 

way of further increasing animal production in ponds. In fact, many fanners are stocking too 

heavily and applying more feed than their ponds can process and they are causing the water 

ity problems. Once a pond becomes so eutrophic from feeding that aeration and water 

e cannot be depended on to maintain adequate water quality and soil condition for 
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good animal growth, the only known feasible solution is to reduce the nutrient and organic 

matter input through lowering the stocking and feeding rate (Y 00 and Boyd, 1994). 

1.2.1 Biochemical Oxygen Demand 

Biochemical oxygen demand (BOD) is a measure of the quantity of oxygen used by 

biological microorganisms in the aerobic oxidation of organic matter. When aquatic plants 

die, they are feed upon by aerobic bacteria. In this process, organic matter is broken down and 

oxidized. The input of nutrients into the pond, such as nitrates and phosphates, stimulates 

plant growth. Eventually, more plant growth leads to more plant decay. Nutrients then can be 

a prime contributor to high biochemical oxygen demand in the ponds. 

Depletion of dissolved oxygen (DO) content in the water will destroy prawns and 

plant live. The reaction can be expressed by this expression: 

Organic substance + 02 ~ C02 + H20 + more bacteria 

High concentrations of dissolved oxygen (DO) predict that oxygen uptake by 

microorganisms is low along with the required break down of nutrient sources in the samples. 

On the other hands, low DO readings signify high oxygen demand from microorganisms, and 

can lead to possible sources of contamination depending on the process. 

Dissolved oxygen (DO) is mainly the most critical water quality variable in 

aquaculture. Although prawns kill in culture ponds may result from excessive concentrations 

of ammonia, hydrogen sulfur, free carbon dioxide and etc. but most prawns kill are probably 

caused by oxygen depletion (Humer and Brown, 1985). 
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1.2.2 Dissolved oxygen 

This is an important factor not only for the respiration of aquatic organisms, but also 

maintenance of water quality. The safe level of dissolved oxygen is 5 ppm (Mitchell, 1998). 

The ranges of expected gains and losses of DO caused by different processes in 

culture ponds. Even though DO will diffuse into water, the rate of diffusion is very slow. 

Thus, photosynthesis by phytoplankton is the primary source of DO in most aquaculture 

systems (Boyd 1973). The primary losses of DO from ponds or other natural waters are 

caused by respiration by plankton and benthic organisms and diffusion of oxygen into the air 

(Boyd 1978). 

Respiration by prawns requires oxygen which is acquired from the water by diffusion 

across the gills. According to Huner and Brown (1985), prawns became stressed at DO levels 

below 2 mglL. As a basic rule, low DO concentrations in prawn ponds may be expected to 

increase the quantity of organic matter in the ponds. This results in lower DO concentrations 

at the bottom of the pond, as well as high ammonia and nitrite. 

When a pond is supplied with water of reasonably high quality, processes causing 

water quality impairment are driven by feed input (Boyd 1990). Of the feed consumed by the 

culture species, part is absorbed across the gut and part becomes feces. The uneaten feed and 

feces that accumulate on the pond bottom decompose, and carbon dioxide, ammonia, 

phosphate and other plant nutrients enter the pond water. Plant nutrients released by 

decomposition and aquatic animal excrement stimulate the production of organic matter in the 

form of phytoplankton cells (Yoo and Boyd, 1994). As the feeding rate increases, standing 

crops of the culture species, phytoplankton and other matter concentrations on the bottom and 

Ived organic matter concentration in the water also increase (Yoo and Boyd, 1994). 

j• 
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Although the amount of dissolved oxygen produced by phytoplankton photosynthesis 

is greater at higher feeding. rates, the demand for oxygen by respiratory processes also 

increase. Natural supplies of DO often are inadequate at feeding rates above 25-30 Ib/acre per 

day to maintain minimum, permissible DO concentrations in the water (Y 00 and Boyd, 1994). 

Aeration may be applied to permit greater feeding rates. Aeration is needed more at night than 

in daytime, because photosynthesis usually maintains high concentrations of oxygen during 

the day. However, prawns live on the pond bottom, and mechanical aeration to circulate pond 

water continually replenishes the supply of oxygenated water at the pond bottom. Thus, 

daytime aeration ofheavily stocked prawn ponds is recommended. 

1.3 	Study Objectives 

The objectives of this study were to:

• 	 estimate the typical BOD loadings by the aquaculture at Santubong 

• 	 determine the BOD of the effluents from the prawn farms at Santubong area; and 

• 	 propose effective management strategies for the prawn farm in order to maintain 

acceptable quality of the wastewater discharged from the farm. 
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CHAPTER TWO 


2.0 MATERIALS AND METHODS 

2.1 Description of study area 

The study was carried out in the prawn fann at Lot 3626, Block 14, Salak Land District, 

Jalan Sultan Tengah, Santubong. It is located within the Sungai Loba Kara catchment and 

Sungai Sarawak. The streams that drain from Sungai Sarawak were subsequently installed 

with pump that can be raised or lowered to control the flow of water into and out of these 

streams. The management ofthe prawn fann is under Thalai Aquadev Sdn. Bhd. 

The prawn farm encompasses a total area of 7.65 ha; consists of six reservoir ponds, 

twenty seven grow out ponds and six sedimentation ponds as shown in Figure 2.1. The grow 

out ponds are constructed in five rows. The first two rows consist of five ponds numbered 

Pond 1-5 and 6-10. While the second and third rows consist of six grow out ponds namely 

Pond 11-16 and 17-22. The last row consist of Pond 23-27. But, now the Thalai Aquadevonly 

make use of sixteen grow out ponds (pond 1-16) while the other ponds are still under 

construction and most probably will be operated in early April, 2004. 

There are also two treatment reservoir ponds which connected to Sungai Santubong. 

The water that flows into the treatment reservoir is slowed down so that the sediment on the 

bottom will not be stirred up. Therefore, the sediment will not be carried into the grow out 

ponds during water exchange or filling. Ultimately, the water is pumped into the grow out 

ponds. 

The surface area of the grow out ponds (Pond 1-10) ideally range from 0.77 ha (7700 

m2
). The ponds are designed in rectangular in shape to facilitate distribution of feed across the 

. surface area. The maximum depth of the pond is approximately 4 feet (1.22m). 
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This prawn farm consists of three canals. Effluent is discharged into the discharge 

canals and finally channeled into the sedimentation pond. The canal 3 is connected to Sungai 

Loba Kara. Prawns were fed four to five times per day depends on the prawn needs. 

Besides that, each pond was equipped with fourteen paddle-wheel aerators which 

consists of eight paddles. This is very important to make sure water was continuously 

supplied with the abundant dissolved oxygen. 

2.2 Data Collection 

2.2.1 Water samples collection 

Seven grow out ponds that is pond 3, pond 4, pond 5, pond 7, pond 8, pond 9 and pond 

10 were chosen for this study. All samples were collected in triplicate and placed in the plastic 

bottles. After the dilution of 1: 1, water sample will be wrapped with alluminium foil and 

stored in BOD bottles and preserved at 25°C as described in standard methods (APHA, 1992). 

The dilution was necessary because the water samples had high load of BOD. 

2.2.2 Time and date of sampling 

Samples were collected once every two weeks and usually in the afternoon. Water 

samples were collected in early September, 2003 until end of January, 2004 depending on the 

time of stocking and harvesting of each pond. 
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2.3 Water SampJes Analysis 

2.3.1 Dissolved Oxygen (DO) 

Detennination of dissolved oxygen in the BOD test was made by dissolved oxygen 

(~O) method. By using the dissolved oxygen probe, measurement can be made either as % 

saturation or as concentration in mglL (ppm). All the readings were recorded, 

Oxygen in the water samples passed through a thin, penneable membrane to the 

sensor elements: a glass-encapsulated platinum cathode and a silver wire anode. A built-in 

thermistor sensor is included for temperature measurement and automatic temperature 

compensation from 0 - 50°C. Dissolved oxygen is measured in the range 0.00 to 

19.99mgllitre (0-199.9 percent oxygen saturation) at a resolution of 0.0 1 mgllitre (0. 1 percent 

oxygen saturation). This microprocessor controlled meter features latest in dissolved oxygen 

probe design and technology. 

2.3.2 Biochemical Oxygen Demand (BOD) 

Performing the test for Biochemical Oxygen Demand requires a significant time 

commitment for preparation and analysis. The entire process requires five days. Dilution in 

the ration 1: 1 was required because water samples had high load of biochemical oxygen 

demand. Oetennination of the dissolved oxygen within the sample determined through 

dissolves oxygen (~O) methods. The difference in initial DO readings (prior to incubation) 

and final DO readings (after 5 days of incubation) predicts the BOD of the sample. The 

illllllDlcm are incubated at 2SoC. A suitable detection limit as per environmental QC is 1 mglL. 

calculation of BOD is shown as below: 

BODs (mglL) = [(DOl - D02)] / p 
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Where 

DOl =DO concentration (mglL) of diluted sample immediately after preparation. 

~ =DO concentration (mglL) ofdiluted sample after 5 days incubation at 25°C. 

P =Dilution factor 

1.3.3 Biochemical Oxygen Demand (BOD) Loadings of the Prawn Farm 

The BOD loading of the prawn fann can be detennined by multiplying the discharge 

of the pond with the BOD concentration of the pond water. The equation is:

Discharge (total volume of water used per pond) = X Uyear 

BOD (mean BOD value) = Y mglL 

So, the BOD loading =X x Y mglyear 
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CHAPTER THREE 

3.0 RESULTS 

The water quality of grow out ponds at different day of cultures are summarized in Table 

3.1(8) - 3.1 (d). 

Table 3.1 (a): Water quality parameter of Pond 4 and Pond 10 
Day of 
euiture 
(day) 

POND 
Pond 4 Pond 10 I 

Mean, 
BOD 

(mg/L) 

Standard 
Deviation 

Feeding 
rate (kg) 

Mean, I 
BOD 

(mgIL) 

Standard 
Deviation 

Feeding I 

rate (kg) 

83 12.71 0.702 74 
I 

9.97 0.129 41 
107 10.56 1.411 105 12.13 0.484 I 46 
114 11.13 1.636 III 7.91 0.250 61 
121 9.44 1.289 106 9.70 0.193 77 I 

77128 7.99 0.421 103 6.64 0.84 
141 10.88 0.329 87 10.63 0.310 68 

Table 3.1 (b): Water quality parameter of Pond 8(a), Pond 8(b) and Pond 9 
Day of 
culture 
(day) 

POND 
Pond 8(a) Pond 8(b) Pond 9 

Mean, 
BOD 

(mg/L) 
SD 

Feeding 
rate II 
(kg) 

I, Mean, 
BOD 

(mgIL) 
SD 

Feeding 

I 
rate 
(kg) 

Mean, 
BOD 

(mgIL) 
SD 

Feeding 
rate 
(kg) 

41 9.06 0.621 46 9.28 0.211 46 - - -
61 9.38 1.512 79 9.60 0.280 79 9.40 0.550 47 
85 10.48 0.511 98 12.21 0.564 98 12.94 0.131 78 
92 9.94 0.19 1 100 10.18 1.127 100 12.29 0.303 100 
99 8.54 0.087 118 8.66 0.341 118 10.16 0.295 110 
106 10.80 0.792 126 11.15 0.633 126 7.86 I 0.563 131 
119 12.27 0.404 121 12.07 0.653 121 I 10.07 0.618 138 
141 9.93 0.477 66 10.11 0.318 66 9.79 0.260 96 
146 10.11 0.699 66 10.09 0.999 66 10.32 0.374 96 
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Table 3.1(c): Water quality parameter of Pond 5 and Pond 7 
Day of 
culture 
(day) 

POND 
Pond 5 Pond 7 

Mean, 
BOD 

(mg/L) 

Standard 
Deviation 

Feeding 
rate (kg) 

Mean, 
BOD 

(mglL) 

Standard 
Deviation 

Feeding 
rate (kg) 

47 10.74 0.209 32 11.47 0.633 30 
71 12.18 0.159 28 12.21 0.586 34 
78 9.06 1.129 39 7.81 0.913 40 
85 6.89 0.723 45 7.58 1.109 52 
92 6.21 1.318 45 7.19 0.829 67 
105 10.62 0.572 56 8.94 0.763 62 
127 10.02 0.561 75 10.07 0.272 70 
132 10.31 0.306 I 75 10.13 1.106 76 

Table 3.1(d): Water quality parameter of Pond 3 
Day of 
culture 
(day) 

Pond 3 
Mean, BOD (mgIL) Standard 

Deviation 
Feeding rate (kg) 

4 3.84 1.024 5 
11 4.08 0.340 9 
18 3.12 0.773 19 
31 4.48 0.666 29 
53 5.31 0.332 48 
58 5.12 0.581 52 
72 7.20 0.737 64 
86 8.00 0.537 79 
100 7.66 0.522 95 
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Pusat Khidmat Maklumat Akademll 
ERSITI MALAYSIA SARAWM 

94 "{on Ecta Samarahan 

Volume of the pond = 88 m x 88 m x 1.0668 m 

= 8261.3 m3 

109 3= 8.2613 X cm
 

= 8.2613 X 106 L 


discharged from the pond is approximately one third of the pond's volume. In a 

lCOIlll1Jlete cycle, there will be 10 times of water discharged and in a year, each pond can rear 

discharged from the pond per year =2 [ 113 X 8.2613xl06 Lx 10] + 2 [8.2613xl06 L] 


= 7l.6 X 106 L/year 


estimated BODs loadings per year = water discharged from the pond per year x average 


= 71.6 x 106 Uyear x 9.39 mglL 

= 672.3 x 106 mglyear 

= 672.3 kglyear per pond 

As seen in Figure 3.2 a (i) and 3.2a (ii), the BOD fluctuated as the prawn age 

WDlIiCId. The BOD in Pond 4 was significantly higher when compared to the BOD in Pond 

highest BOD level in Pond 4 was at day 83 (12.71 mglL) whereas the highest value of 

in Pond 10 was at day 107 (12.13 mglL). While, both Pond 4 and Pond 10 have the 

BOD level at day 128. This may be due to the pond water exchange before the water 

taken. Pond 4 and Pond 10 were harvest at day 142. 
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