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ABSTRACT 
This study was carried out to investingate the use of lignite fly ash as a 

chemical amendment as liming material, which is used in a shrimp ponds to improve 
the water quality. The lignite fly ash was waste residue from lignite burning at Mae 
Moh Power Plant in Lampang province. Three experiments studied the property of fly 
ash, research included using fly ash on synthesis seawater and water from a shrimp 
pond. All experiments were done by batch system to study the effect of fly ash on 
freshwater, synthesis seawater and water from a shrimp pond. The parameters 
mearsured were pH, ammonia, nitrite, total alkalinity and total hardness. Also, the 
neutralizing value and the application rate of fly ash were studied. Experimental 
samples were analyzed using a Spectrophotometer for ammonia and nitrite and data 
were statistically analyzed by ANOVA and DMRT. 

The results of the study revealed that the neutralizing value of fly ash is 70%, 
which is less than agricultural limestone (CaCO3). The fly ash had an effect on 
ammonia removal in freshwater and synthesis seawater, but it was ineffective on 
nitrite removal in freshwater, synthesis seawater and water from a shrimp pond. The 
maximum ammonia removal efficiency at 24 hours of 1 g/L fly ash dosage in 
freshwater, 30ppt, 20ppt and 10ppt synthesis seawater were 61.3%, 36.3%, 29.9% and 
24.2%, respectively. The pH value, alkalinity and hardness increase with fly ash 
quantity and contact time. Fly ash has the property of lime material but is less effective 
than burning lime, hydrated lime and agriculture limestone. However, it is 
economically an advantage. It can be concluded that fly ash has the property of lime 
material and it could be used as liming material. In contrast to zeolite, fly ash is unable 
to reduce ammonia and nitrite in shrimp pond water and it is inappropriate in an 
adjustment of water quality for shrimp farming.  
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บทคัดยอ 
 งานวิจยันี้เปนการศึกษาเถาลอยลิกไนตเพื่อเปนสารเคมีทดแทนวัสดุปูนในการปรับปรงุ
คุณภาพน้ําจากบอเล้ียงกุง โดยเถาลอยลิกไนตนีเ้ปนกากของเหลือที่ไดจากการเผาไหมถานหิน เพื่อ
ใชในกระบวนการผลิตกระแสไฟฟาจากเหมืองแมเมาะ จังหวดัลําปาง งานวิจยันี้มทีั้งหมด 3 การ
ทดลอง คือ 1) ศึกษาคุณสมบตัิของเถาลอย 2) การใชเถาลอยในน้ําทะเลสังเคราะห และ 3) การใชเถา
ลอยในน้ําจากบอเล้ียงกุง คุณภาพน้ําที่ใชในการศึกษาครั้งนี้คือ คาความเปนกรดดางของน้ําตัวอยาง 
ปริมาณแอมโมเนีย ปริมาณไนไตรต คาความเปนดาง คาความกระดาง โดยมีปจจัยที่ควบคุม คือ 
เวลาในการทําปฏิกิริยาและปริมาณเถาลอย การทดลองทั้งหมดทําในระบบ batch และใช 
Spectrophotometer ในการวิเคราะหปริมาณแอมโมเนยีและไนไตรต รวมทั้งใชสถิติ Analysis of 

Variance และ Duncan’s Multiple Range Tests ในการวิเคราะหขอมูล 
 ผลการศึกษาแสดงใหเห็นวาเถาลอยนี้มี คาการสะเทินกบักรดเทากับ 70 เปอรเซ็นต เมื่อ
เปรียบเทียบกบัคาการทําลายกรดของปูนแคลเซียมคารบอเนต ซ่ึงมีคาเทากับ 100 เปอรเซ็นต เถาลอย
มีประสิทธิภาพในการกําจัดแอมโมเนียในน้ําจืดและน้ําสังเคราะห แตไมมีประสิทธิภาพในน้ําจรงิ 
จากการทดลองเถาลอยไมมีความสามารถในการกําจัดไนไตรต โดยเถาลอยมีประสิทธิภาพในการ
กําจัดแอมโมเนียของน้ําจดืและน้ําทะเลสังเคราะห 30ppt, 20ppt และ 10ppt มีคาเทากับ 61.3%, 
36.3%, 29.9% และ24.2% ตามลําดับ โดยใชปริมาณเถาลอยที่เหมาะสมคือที่ 1 กรัมตอน้ําตัวอยาง 
1ลิตร ที่เวลาในการทําปฏิกิริยาที่ 24 ช่ัวโมงในน้ําทะเลสังเคราะห และพบวาเถาลอยมีผลใหคาความ
เปนกรดดาง ปริมาณความเปนดาง ปริมาณกระดาง ของน้าํเพิ่มขึ้นตาม ปริมาณการใชและเวลา 
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CHAPTER 1 

INTRODUCTION 
 

 

1.1 PROBLEMS AND STATEMENT 

 

Shrimp farming has been developed rapidly since 1987 in response to the increase 

for seafood demand and decline in natural production of shrimp due to pollution and 

over exploitation. Owing to the attractiveness of high profits earned from this industry, 

the expansion of shrimp farm area has occurred dramatically. At the same time, the 

modern production methods have also been developed in order to maximize the shrimp 

yield. The important development was the progressive from an extensive system to an 

intensive system in which the reliance on tidal water exchange and natural food have 

been converted to the use of water pumping system and formulated feed respectively. 

In the intensive culture, the over feeding and the large inputs may cause of the 

water quality problem. Feed input drives chemical and biological processes that cause 

water quality impairment. About 21.8 % of the nitrogen applied in feed are converted 

to shrimp flesh and about 80 % of nitrogen remained in pond bottom as uneaten feed 

and faeces (1). The remaining organic matters and nutrients represent a feed-induced 

pollution load in ponds. The decomposed of these organic matters by microorganism 

exert to increase oxygen demand, the decreasing of dissolved oxygen in water. 

Increase carbon dioxide, ammonia, hydrogen sulfide, and nitrite, which affect directly 

to shrimp.  

Many chemical and biological amendments are applied to shrimp pond with the 

objective of improving water quality, soil quality, or both. Many attempts have been 

made by farmers to prevent or cure the problem. Two of the attempts are liming and 

zeolites. The purposes of liming are to maintain alkalinity, hardness, and pH of water 

and soil. However, in principle seawater and brackish water normally contain high 

total alkalinity 116 mg/l as CaCO3, total hardness 6600 mg/l as CaCO3, as well as high 

pH 8.2 (2).  The pH may rise above this during the daytime when phytoplankton 
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removes carbon dioxide, and it is below 8 at night when high rate of respiration by the 

aquatic biota occur (3) 

The purpose of using zeolites have been used to remove ammonia ion 

 (NH3 ,NH 4
+) from waters in fish holding and transport tanks and from intensive, 

water–recirculating culture systems (4). These applications of zeolite apparently are 

the basis for the widespread use of zeolite in shrimp ponds. Chien (5) stated that 

shrimp farmers in Southeast Asia often apply zeolites to ponds for adsorbing ammonia 

and other toxic substances. 

Lignite fly ash is waste residue from lignite burning at Mae Moh power plant in 

Lampang province. Each year, Mae Moh power plant emits about 3 million tons of 

lignite ashes, which consist of fly ash (80%) and bottom ash (20%)(6). The waste 

disposal of fly ash creates environmental problems as well as economic considerations 

for the utilities. Fly ash has chemical composition and origin similar to that of vocanic 

ash, which has property of natural cement-like binder. It has been used in many 

countries for over 40 years. Currently fly ash is most commonly use in cements and 

concrete structures. Moreover, found the utilization of fly ash for heavy metal removal 

such as dye removal by absorption (7,8), chromium ion removal by chemical 

precipitation (9), nickel cadmium and lead removal by absorption (10). 

Fly ash are spherical in shape and consist primarily of silicon dioxide, aluminum 

oxide, ferric oxide and calcium oxide, each of these oxide components can be an ideal 

metal absorbent. Moreover, the alkaline nature of fly ash makes it a good neutralizing 

agent. The majority components of fly ash are alike zeolite and calcium oxide in fly 

ash are likewise lime materials, which currently were using in shrimp ponds. As the 

present some venders they often are mislead by advertising claim and have 

unreasonable expectations of potential benefits of treating ponds with various 

substances. Some zeolites are not effective on toxic substance such as ammonia ion 

and others, but the costs of zeolite are not proportional to their performance. Due to the 

composition and properties of these zeolite are not the real zeolite. Some zeolite may 

make from lime materials, which may make the turbidity of water to be transparent but 

pollution still in the pond (3,11). Moreover, the costs of fly ash are free (CaCO3=750 

baht/ton, CaO=2,670 baht/ton, Ca(OH)2=1930 baht/ton and zeolite=4,600 

baht/ton)with properties can use for lime and zeolite substitution.   
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These properties of fly ash can promote as chemical amendment, which normally 

were using lime and zeolite to improve the water quality from shrimp pond.  

 

1.2 OBJECTIVES 

 

1.2.1 to study the property of fly ash for water amendment material 

1.2.2 to study ammonia and nitrite reduction efficiency of fly ash 

1.2.3 to study the effect of time and fly ash dosage on ammonia and nitrite 

removal efficiency 

 

1.3 HYPOTHESIS 

 

1.3.1 Fly ash has property of water quality adjustment as lime  

1.3.2 Various dosages of fly ash and time has effect on ammonia and nitrite 

reduction efficiency 

1.3.3 Different of water salinity has effect on ammonia and nitrite reduction 

efficiency 

 

1.4 SCOPE OF STUDY 

 

1.4.1 Water quality parameters concerned pH, alkalinity, hardness, ammonia-

nitrogen, and nitrite-nitrogen 

1.4.2 The experiments use synthetic saline water at salinity of 10 ppt, 20 ppt, 

30 ppt, freshwater and water from shrimp pond. 

1.4.3 All experiments are performed in batch type and set in laboratory scale 

1.4.4 All experiments are studied in the time raging of 24 hour 

 

1.5 EXPECTED RESULTS 

1.5.1 To be an alternative way for chemical amendment in  water quality       

improvement 
1.5.2 To decrease waste material discharging to environment in order to 

utilizing fly ash as water quality improving material 
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CHAPTER 2 

LITERATURE REVIEWS 

 

 

2.1 Shrimp Culture 

2.1.1 Intensive Culture System (12) 

The intensive culture system was widespread in Thailand since 1989. It has been 

known as the new advance technology of shrimp culture that could result in a high 

yield of shrimp production.  At present, shrimp farms in Thailand employs intensive 

culture methods due to the advantage of high productivity and less area required. The 

culture period is comparatively short, lasting for four months. Therefore, with good 

pond management, the farmers can achieve at least two production cycles per year.  

In this system, the culture ponds are well designed for stocking rate of higher than 

30-50 PL/m2. The shrimp species almost exclusively used as Penaeus monodon, or 

black tiger shrimp. Since the intensive system involves high investment, so proper 

pond management and operation methods are introduced in order to maintain the 

highest possible survival rate in every crop. The typical requirements include some 

combination of pond mixing and/or supplement aeration, high water exchange rates 

(30% per day or more), system for waste removal, high quality feed application, and 

good management. 

For the water management regime, the intensive farm usually has separated water 

supply and drainage gate; thus, water exchange is easily managed. The water quality 

during the grow-out period, a critical factor in shrimp growth, is maintained in a good 

condition by using paddle wheels or other aeration devices and the use of chemicals. 

Because of the high shrimp densities and the use of supplemental feeding, there is 

a large organic accumulation at the pond bottom after a shrimp crop, which much be 

removed after pond draining and harvest. The draining, cleaning, and drying process is 

required in intensive culture for pond sanitation and to create suitable culture 

conditions for the next crop. Intensive culture also stands the greatest risk of disease 

infection which in turn many required the use of antimicrobials/antibiotics and other 

drugs, as well as the use of probiotics to improve pond water quality. Nevertheless, the 
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waste released from intensive shrimp farms is substantial and frequently causes 

environmental problems. 

 

2.2.2 production cycle (12) 

Basically, the stages of shrimp culture consist of pond preparation, grow-out 

period, and harvesting. For the intensive system, pond condition is additionally 

required in each stage to provide the suitable environment for shrimp growth. Before 

each subsequent crop, pond preparation is accomplished by a number of activities 

involved. Firstly, the fouled layer of the pond bottom is scraped off and dried on the 

pond dikes or put in a special pond for further drying and treatment. The purpose is to 

eliminate harmful metabolites and toxic gases such as ammonia, hydrogen sulfide, and 

methane in the pond bottom produced by the previous crop. Beside that, the reduction 

of oxygen demand for biodegradation of organic matter can occur. After scraping 

fouled layer, pond is generally dried for one month. This has the beneficial effects of 

making the pond bottom harder and may reduce the level of some pathogens in the 

pond.  After that, water is filled into the pond and is treated with approximately 500-

1,200 kg/ha of lime (depending on the soil pH), to raise the pH of pond water and also 

to act as a disinfectant, followed by fertilizers to enhance the pond productivity. 

When the water quality is already suitable, shrimp post larvae are placed into the 

pond. Feed is provided 4-5 times a day during the culture period. During the second 

and the third month of cycle, shrimp are growing up. Shrimp weight raise to between 2 

and 8 grams. Pond operations including sediment suction and pond water sampling and 

analysis are needed to remove shrimp waste and maintain water quality respectively. 

The important parameters consist of pH, salinity, dissolved oxygen, ammonia, 

hydrogen sulfide, and plankton density. To control water quality, water exchange is 

usually done and lime is applied. 

In the last month of cycle, which may extent to 106-110 days of cultivating period, 

the shrimps are being maturated and have enough weights (30-35 grams) for 

harvesting. Feed is still provides 4-5 times per day but feeding rate is relatively 

decreased since the shrimp eat proportionally less as they grow. During this period, 

there are a high accumulation of waste and abundant growth of phytoplankton. The 

water becomes green color. Thus the paddlewheel is operated to increase the 

concentration of dissolved oxygen particularly during the nighttime and sediment is 
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also periodically removed. At the time of harvesting, farmers usually employ drainage 

harvest method. Pond water is drained out and discharged (with or with out treatment) 

to the nearby receiving water. 

 

2.2.3 Nutrition and Food Chain in Shrimp Pond (12) 

When the post larvae are placed into the grow-out pond, they are fed with artificial 

feeds and fertilizers, mainly comprising of nitrogen and phosphorus. In nature, shrimp 

uses protein as a main source of energy supply, The optimal dietary protein 

requirement can be up to 46%(1). However, only a small amount of this figure can be 

converted to the harvested shrimp biomass. A recent study on energy budget showed 

that during the grow-out period, shrimp used only 20% of total protein supplied by 

feed for building up its body whereas 80% of its intake was excreted into the 

environment (1). It has been also estimated that of the feed input (at a feed conversion 

ratio (FCR) of 2.0) only 24% of the nitrogen and 13% of the phosphorus was 

incorporated into the shrimp harvested. 

    

2.3 Water quality management in shrimp pond 

 

2.3.1 pH (13) 

The balance of positive hydrogen ions (H+) and negative hydroxide ions(OH-) in 

water determines how acidic or basic the water to be. When analysts measure pH, they 

are determining the relative concentration (expressed in exponential, or "power" form) 

of hydrogen ions; the term "pH" comes from the power of Hydrogen. The pH scale 

ranges from 1 (high concentration of positive hydrogen ions, strongly acidic) to 14 

(high concentration of negative hydroxide ions, strongly basic). In pure water, the 

concentration of positive hydrogen ions is in equilibrium with the concentration of 

negative hydroxide ions, and the pH measures exactly 7.  

In a lake or pond, the water’s pH is affected by its age and the chemicals 

discharged by communities and industries. Most lakes are basic (alkaline) when they 

are first formed and become more acidic with time due to the build-up of organic 

materials. As organic substances decay, carbon dioxide (CO2) forms and combines 

with water to produce a weak acid, called "carbonic" acid — the same stuff that’s in 

carbonated soft drinks. Large amounts of carbonic acid is lower water’s pH. 
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Carbon dioxide is an odorless, colorless gas produced during the respiration cycle 

of animals, plants and bacteria. All animals and many bacteria use oxygen and release 

carbon dioxide. Green plants, in turn, absorb the carbon dioxide and, by the process of 

photosynthesis, produce oxygen and carbon-rich foods.  

Respiration: Carbon-rich foods + Oxygen             Carbon dioxide + Water 

Green plants carry on photosynthesis only in the presence of light. At night, they 

respire and metabolism the food that they made during the day. Consequently, more 

oxygen is used and more carbon dioxide enters waterways at night than during the 

daytime. When carbon dioxide levels are high and oxygen levels are low, fish have 

trouble respiring (taking up oxygen), and their problems become worse as water 

temperatures rise.  

Carbon dioxide quickly combines in water to form carbonic acid, a weak acid. The 

presence of carbonic acid in waterways may be good or bad depending on the water’s 

pH and alkalinity. If the water is alkaline (high pH), the carbonic acid will act to 

neutralize it. But if the water is already quite acid (low pH), the carbonic acid will only 

make things worse by making it even more acid.  

 

Synergistic Effects of pH 

When acid waters (waters with low pH values) come into contact with certain 

chemicals and metals, they often make them more toxic than normal. As an example, 

fish that usually withstand pH values as low as 4.8 will die at pH 5.5 if the water 

contains 0.9 mg/L of iron. Mix an acid water environment with small amounts of 

aluminum, lead or mercury, and you have a similar problem—one far exceeding the 

usual dangers of these substances. 

The pH of sea (salt) water is not as vulnerable as fresh water’s pH to acid wastes. 

This is because the different salts in sea water tend to buffer the water with Alka-

Seltzer-like ingredients. Normal pH values in sea water are about 8.1 at the surface and 

decrease to about 7.7 in deep water. Many shellfish and algae are more sensitive than 

fish to large changes in pH, so they need the sea’s relatively stable pH environment to 

survive. 
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Most fish can tolerate pH values of about 5.0 to 9.0,  and pH level of 7.3-9.0 is 

generally accepted as being adequate for shrimp culture. Measurement of pH is 

necessary to interpret ammonia and hydrogen sulfide data. 

 

2.3.2 Alkalinity (13) 

Alkalinity is not a pollutant. It is a total measure of the substances in water that 

have "acid-neutralizing" ability. Don’t confuse alkalinity with pH. pH measures the 

strength of an acid or base; alkalinity indicates a solution’s power to react with acid 

and "buffer" its pH— that is, the power to keep its pH from changing. 

Alkalinity is important for fish and aquatic life because it protects or buffers 

against pH changes (keeps the pH fairly constant) and makes water less vulnerable to 

acid rain. The main sources of natural alkalinity are rocks, which contain carbonate, 

bicarbonate, and hydroxide compounds. Borates, silicates, and phosphates may also 

contribute to alkalinity. 

Limestone is rich in carbonates, so waters flowing through limestone regions 

generally high alkalinity— hence its good buffering capacity. Conversely, granite does 

not have minerals that contribute to alkalinity. Therefore, areas rich in granite have 

low alkalinity and poor buffering capacity. 

 

2.3.3 Dissolved Oxygen (13) 

Dissolved oxygen (DO) is oxygen that is dissolved in water. It gets there by 

diffusion from the surrounding air; aeration of water that has tumbled over falls and 

rapids; and as a product of photosynthesis. Fish and aquatic animals cannot split 

oxygen from water (H2O) or other oxygen-containing compounds. Only green plants 

and some bacteria can do that through photosynthesis and similar processes. Virtually 

all the oxygen we breathe is manufactured by green plants. A total of three-fourths of 

the earth’s oxygen supply is produced by phytoplankton in the oceans. 

If water is too warm, there may not be enough oxygen in it. When there are too 

many bacteria or aquatic animal in the area, they may overpopulate, using DO in great 

amounts. 

Oxygen levels also can be reduced through over fertilization of water plants by 

run-off from farm fields containing phosphates and nitrates (the ingredients in 

fertilizers). Under these conditions, the numbers and size of water plants increase a 
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great deal. Then, if the weather becomes cloudy for several days, respiring plants will 

use much of the available DO. When these plants die, they become food for bacteria, 

which in turn multiply and use large amounts of oxygen.  

Dissolved oxygen levels will differ with water depth. Bottom water can be 

relatively anoxic, while surface water oxygen levels are at or above saturation. 

Increasing the turnover of bottom and surface waters helps to reduce low oxygen 

conditions near the pond bottom. 

Critical dissolved oxygen levels in pond water that relate directly to shrimp health 

are (1): 

0.0-1.0 mg/L Lethal 

1.0-1.5 mg/L Lethal with prolonged exposure 

1.7-3.0 mg/L Pool feed conversion, slow growth, reduced resistance to disease 

if exposure continues 

 

2.3.4 Ammonia , Nitrite and Nitrate 

Nitrogenous wastes can accumulate to potentially toxic levels in intensive shrimp 

ponds. Ammonia is excreted by shrimp and is also generated by aerobic and anaerobic 

bacteria in pond environment. Bacterial metabolism changes ammonia into nitrite and 

nitrite to nitrate. These bacteria require aerobic (oxygen) conditions. When anaerobic 

conditions prevail, nitrite and ammonia are formed in the nitrogen cycle. Thus, the 

presence of oxygen has a marked affect on the nitrogen cycle in organically rich 

shrimp ponds, mainly through its effect on bacteria breakdown. 

In water, ammonia disassociates into ionized (NH4
+) and un-ionized (NH3) forms. 

Ionized ammonia is much less toxic than the un-ionized form. As pH and temperature 

increase, the percentage of total un-ionized ammonia also increases. Examples of the 

effect of pH on un-ionized ammonia concentration are given in table 2-1. 
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Table 2-1 The percentage of total ammonia (mg/L) in the un-ionized form at 

different temperature and pH levels. 

 

                                                                                    pH 

      Temperature    7.5               8.0              8.5               9.0 

 

           25 oc                       1.8                  5.3                 15.1                   35.9 

                   30 oc                       2.5                  7.5                 20.5                   44.8 

      Source: water quality (14)  
 

Direct shrimp toxicity data are difficult to interpret for ammonia and nitrite. 

Conflicting data exist in the literature and probably reflect differences in experimental 

conditions for the various studies. Generally, safe levels for un-ionized ammonia may 

be in the range of 0.1 – 0.5 ppm for nursery and pond growout. Safe levels for nitrite 

may be in the range of 0.1 – 1.0 ppm. 

Boyd and Fast (15) recommend a weekly monitoring schedule for ammonia and 

nitrite in high biomass intensive shrimp ponds. At high biomass or feeding conditions, 

ammonia and nitrite levels may explain slow growth problem in shrimp. Water sample 

for analysis should be collected near the pond bottom and analyzed either immediately, 

or transported on ice and tested within a few hours of collection. Commercial water 

analysis test kits are adequate for these measurements. A test kits with a salicylate 

method for ammonia analysis should be used. Nessler-based reactions are subject to 

interference from calcium and magnesium and are therefore, not recommended for use 

woth saltwater. Specific ammonia electrodes (probes) produce comparable results as 

the kits.   

Nitrite and Nitrate are forms of the element Nitrogen, which makes up about 80 

percent of the air we. As an essential component of life, nitrogen is recycled 

continually by plants and animals, and is found in the cells of all living things. Organic 

nitrogen (nitrogen combined with carbon) is found in proteins and other compounds. 

Inorganic nitrogen may exist in the free state as a gas, as ammonia (when combined 

with hydrogen), or as nitrite or nitrate (when combined with oxygen). Nitrites and 

nitrates are produced naturally as part of the nitrogen cycle, when a bacteria 
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'production line' breaks down toxic ammonia wastes first into nitrite, and then into 

nitrate.  

 

Sources of nitrites and nitrates 

Nitrites are relatively short-lived because they’re quickly converted to nitrates by 

bacteria. Nitrites produce a serious illness (brown blood disease) in fish, even though 

they don’t exist for very long in the environment. Nitrites also react directly with 

hemoglobin in human blood to produce methemoglobin, which destroys the ability of 

blood cells to transport oxygen. Nitrite concentrations in drinking water seldom exceed 

0.1 mg/L. 

Nitrate is a major ingredient of farm fertilizer and is necessary for crop 

production. Nitrates stimulate the growth of plankton and water weeds that provide 

food for fish. This may increase the fish population. However, if algae grow too 

wildly, oxygen levels will be reduced and fish will die.  

 The U.S. Public Health Service has established 10 mg/L of nitrate-nitrogen as the 

maximum contamination level allowed in public drinking water. 

Effects of nitrates and nitrites on fish and aquatic life 

Nitrate-nitrogen levels below 90 mg/L and nitrite levels below 0.5 mg/L seem to 

have no effect on warm-water fish, but salmon and other cold-water fish are more 

sensitive. The recommended nitrite minimum for salmon is 0.06 mg/L.  

 

Table 2-2 The effect of ammonia ion to shrimp    

Ammonia ion (mg/L)        Effect to shrimp 

   Less than 0.1     Safety 

   0.1-0.4    to growth slow 

more than 0.4   Growth  slowdown, eat little, death 

       Source: Allvet group (1) 
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2.3.5 Hydrogen Sulfide (13) 

Hydrogen sulfide may in intensively managed shrimp ponds where intense feeding 

leads to heavy accumulation of organic detritus, anoxic bottom sediments and 

subsequent formation of H2S. Only under extreme anaerobic conditions do contain 

bacteria produce hydrogen sulfide as a by-product of anaerobic metabolism. 

Hydrogen sulfide breaks down in water ( into H2S , HS- and S- ), but only H2S is 

toxic. The breakdown of hydrogen sulfide is strongly influenced by pH and to a lesser 

extends temperature and salinity. 

In intensive shrimp ponds, H2S may be present in anaerobic sediments and if these 

sediments are disturbed, H2S can be released into the water column. Hydrogen sulfide 

is rapidly transformed in the presence of oxygen, but toxic level may occur within a 

few centimeters of highly anoxic sediments.Hydrogen sulfide is extremely toxic and 

exposure leads rapidly to death. Shrimp are apparently susceptible to toxic levels of 

H2S in the 10 to 200ppb range.Safe levels for shrimp should be less than 0.033 ppm(1). 

 

2.3.6 Temperature (13) 

Temperature strongly influences the biological and chemical processes in the 

shrimp pond environment. In subtropical area, pond temperatures may change 

seasonally and shrimp growth will be reduced when the water temperature cools. 

Thermal stratification can occur in deeper areas of the pond, particularly if water 

currents or mixing devices are not used. Low oxygen conditions may occur in cooler, 

deeper waters of stratified ponds. 

 

2.3.7 Salinity (13) 

Salinity is not only the measurement of sodium chloride, but the concentration of all 

dissolved inorganic ions in the water. Salinity requirements may differ at different life 

stages for a given species. The salinity requirements vary far different species of 

shrimp. P. vannamei can tolerate salinity of 0-55 ppt.; however , they do well in 

salinity ranging from 5-25 ppt. 

It is most important to identify the upper and lower lethal limits as well as the 

optimal salinity range for each phase of life for the species under culture. And always 

make sure the site one would choose can supply water of appropriate salinity. 
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Changes in salinity may result in upset of osmoregulation. Never allow salinity to

change by more than 10% per hour (or 50% change in 5-8 hours). What this means is

that a reduction in salinity from 2 ppt to 1 ppt requires as much time as a reduction

from 32 ppt to 16 ppt. It is always best to gradually acclimate fish and crustaceans to

the new salinity so that the animals can maintain their salt and water balance through

osmoregulation.

Seawater = 28-35 ppt (parts per thousand)

Brackish water 10-15 ppt or as low as 2 ppt

Estuarine water = 1-28 ppt

Freshwater = 0-1 ppt

Salinity is measured with a hand-held refractometer. Oxygen solubility decreases

with increasing salinity and high salinity favors the formation of NH4 and NH3, but

this effect is small one.

2.3.8 Turbidity (14)

Light’s ability to pass through water depends on how much suspended material is

present. Turbidity may be caused when light is blocked by large amounts of silt,

microorganisms, plant fibers, sawdust, wood ashes, chemicals and coal dust. Any

substance that makes water cloudy will cause turbidity. The most frequent causes of

turbidity in lakes and rivers are plankton and soil erosion from logging, mining, and

dredging operations.

Turbidity Effects on Fish and Aquatic Life

Interference with sunlight penetration. Water plants need light for photosynthesis.

If suspended particles block out light, photosynthesis and the production of oxygen for

fish and aquatic life will be reduced. If light levels get too low, photosynthesis may

stop altogether and algae will die. It’s important to realize conditions that reduce

photosynthesis in plant result in lower oxygen concentrations and large carbon dioxide

concentrations. Respiration is the opposite of photosynthesis.

Large amounts of suspended matter may clog the gills of fish and shellfish and kill

them directly. Suspended particles may provide a place for harmful microorganisms to

lodge. Some suspended particles may provide a breeding ground for bacteria. Fish
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can’t see very well in turbid water and so may have difficulty finding food. On the

other hand, turbid water may make it easier for fish to hide from predators.

Table 2-3 The amount of plankton per acre which may be expected in ponds of

different turbidities.

Factor measured Clear ponds Intermediate

ponds

Muddy ponds

Average turbidity units: Less than 25 25-100 over 100

Amount of fish in pounds per acre: 162 94 29

Comparative amount of plankton

caught in nets

12.8 1.6 1.0

Source: water quality (14)

Water quality in shrimp ponds is a major factor in shrimp culture. Water

quality parameters were monitored trough the period of culture as in Table 2-4.

Table 2-4 Water quality control in shrimp culture pond

Parameter level

Dissolved oxygen >3.5  ppm

Total ammonia <1.0 ppm

Nitrite <0.2 ppm

Transparent 30-40 cm.

pH 7.8-8.5

alkalinity >80 ppm

salinity 10-35 ppt

source : Marine shrimp research and development center(16)

The limitation of effluent water quality from shrimp pond as show below,

which can be discharged to environment.
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Table 2-5 Standard of wastewater quality from estuarine aquatic culture

       parameter          unit    max. limit analytical method

1. pH    -      6.5-9.0 pH-meter (electronic type)

2. BOD    mg/L         20 azide modification at 20 oC 5 day

use Synthetic seawater

3.    Suspended solid    mg/L         70 1.2 micrometer  diameter hole of

fiber glass filter

4.    NH3-N    mg-NH3-N/L       1.1 modified idophenol blue method

5.    Total phosphorus    mg-P/L        0.4 asorbic acid method

6.    H2S    mg/L        0.01 methylene blue method

7.    Total nitrogen    mg-N/L        4.0

  7.1  total dissolved N             persulfate digestion mehtod

  7.2  particulate N suspended sediment on fiber glass

with hole dia.0.7 micromater and

use nitrogen analyzer

Source: aquatic business magazine (17)

2.3 The acid-base value of water quality improving and ammonia reduction

2.3.1 pH control (2,3)

Liming usually can solve these problem relationships in ponds. Application of

liming materials is not a type of fertilization. Liming may best be viewed as a remedial

procedure necessary in acidic ponds to accomplish one or more of the following tasks:

(1) improve or permit survival of aquaculture species, (2) permit normal reproduction

and growth, (3) insure response of fish populations to fertilization and other

management procedures.

The most spectacular benefits of liming result when lime applications permit

fish to survive, reproduce, and grow in bodies of water which were previously too

acidic for fish. For example, liming may be used to reclaim lakes or ponds, which had

been ruined by contamination with acid drainage from coalmines. In aquaculture,

results of liming seldom are spectacular, they may be substantial.
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 Effects of liming on water quality

The favorable influence of liming on fish production in soft, acidic waters has

been attributed to reveal of the effects of liming on water quality. In extremely acidic

waters, liming will increase the pH of the water and improve survival, reproduction,

and growth of aquatic life. Fortunately, few aquaculture ponds are extremely acidic.

However, there are many aquacultural ponds with low alkalinity, poorly buffered

water and acidic mud that should be limed. Greater alkalinity after liming also buffers

water against drastic daily changes in pH common in eutrophic ponds with soft water.

Early morning pH will be higher after liming, but, because of buffering by bicarbonate,

afternoon pH valves will not be as high as before lime application. Liming raises the

total hardness by adding alkaline earth (calcium and magnesium). The net affect of

changes in water quality following liming is to increase phytoplankton productivity

which, in turn, leads to increased fish production.

 

2.3.2 Lime Material (13)

 Compounds

Liming is an agricultural practice that has been adopted by fish culturists, and

liming materials used in ponds are the same ones that are applied to agricultural soils.

Compounds useful as liming materials contain either calcium or calcium and

magnesium associated with an anionic radical that will neutralize acidity. The liming

material most frequently used is agricultural limestone that is prepared by finely

crushing limestone. Limestone is CaCO3 (calcite), CaMg(CO3)2  (dolomite), or some

blend of these two substances. Two other common liming materials are Ca(OH) 2

(calcium hydroxide) and CaO (calcium oxide). Calcium hydroxide is referred to

variously as hydrated lime, slaked lime, and builder’s lime, while calcium oxide often

is called quick lime, unslaked lime, or burnt lime. There often is some confusion to the

actual composition of locally available liming materials. Basic slag, a by-product of

steel making, contains calcium carbonate and phosphorus, so it is both a liming

material and a fertilizer. Recently there has been some use of liquid lime in agriculture.

This material is an aqueous suspension of finely pulverized agricultural limestone, and

it reacts very quickly to neutralize acidity. The commercial material is approximately

50 percent water, and application rates for liquid lime are about twice those of ordinary

agricultural limestone.
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Reactions of liming materials with acidity are illustrated below:

CaCO3   +  2H+               Ca2+   +H2O + CO2

CaMg(CO3)2  +  4H+                 Ca2+ + Mg  2++H2O + CO2

Ca(OH)2  +  2H+                 Ca2+ +  2H2O

CaO  +  2H+                 Ca2+ +  H2O

CaSiO3   +  2H+               Ca2+   +  H2SiO3

The neutralization of acidity in the first four reactions is obvious. In the fifth

reaction, silicic acid formed by the reaction of hydrogen ion and calcium silicate is

dissociated weakly, so pH rises in the medium where the reaction occurs.

Calcium-containing compounds do not neutralize acidity are not liming materials.

For example, calcium sulfate, which is marketed as agricultural gypsum, is a good

source of calcium, but sulfate will not neutralize acidity.

Comparisons of Liming Materials

The purpose of liming is to neutralize in pond soil and water and to increase total

alkalinity and total hardness. The neutralizing valve is an index of how much acidity a

liming material and neutralizes relative to pure CaCO3. one molecule of CaO will

neutralize as much acidity as one molacule of CaCO3 (equations 1-5) . the mocular

weight ratio of the two compounds, CaCO3 /CaO, is 100/56. It will take 100 g of

CaCO3 to neutralize the same amount of acidity as 56 g of CaO. The neutralizing value

of CaO is :

100 g CaCO3  * 100 = 179 %

56 g CaO
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in other words, CaO is 179 % more efficient than CaCO3 in neutralizing acidity. 

Similar computations may be made for any pure compound of known composition, 

and for impure compounds, the neutralizing value may be determined by titration with 

standard acid (2). Assuming that material have similar article-size distributions 

(fineness ratings), the value of one liming material as compared to another for 

neutralizing acidity can be ascertained directly by comparing neutralizing values. 

Neutralizing values of different compounds are provided in table 6. Commercial 

materials normally contain impurities, and their neutralizing values mush be measured. 

Neutralizing values range from 65% of equivalent CaCO3 for calcium phosphate to 

208% for dolomitic, burnt lime (CaO.MgO) 

 

Table 2-6 Molecular weights and neutralizing values of compounds, which have 

been used in pond liming. 

  Compound          formular                  molecular       neutralizing 

           weight(g)      value(%)  

Calcium carbonatea  CaCO3   100  100 

Dolomitea   CaCO3.MgCO3 184.31  109 

Calcium oxideb   CaO   56  179 

Calcium magnesium oxideb CaO.MgO  96.31  208 

Calcium hydroxideC  Ca(OH)2  74  135 

Calcium magnesium hydroxideCCa(OH)2.Mg(OH)2 132.31  151 

Sodium carbonated  Na2CO3  106  94 

Sodium bicarbonatee  NaHCO3  84  59 

Calcium silicate    CaSiO3  116  86 

Calcium phosphate  Ca3(PO4)2  310  65 

 aAgricultural limestone, b burnt lime, C hydrated lime, dsoda ash, ebaking soda. 

   Source: Boyd (3) 
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Application 

It is seldom necessary to lime the water of brackishwater shrimp ponds. Values for 

alkalinity and total hardness usually are greater than 50 mg/L, and liming materials 

will not dissolve. In pond with acidic soils, alkalinity may be lost through reactions 

with the soil, but it is normally replenished by alkalinity in inflowing water during 

water exchange. Nevertheless, periodic water analyses should be made in ponds with 

highly acidic soils to as certain that the total alkalinity is adequate. In the case that the 

total alkalinity falls below 50 mg/L, agricultural limestone should be applied at 500-

1,000 kg/ha. If burnt or hydrated limes is used, the application rate should not exceed 

100-200 kg/ha per week, because large applications of these materials can temporarily 

cause a very high pH in water and kill shrimp. 

Most shrimp pond managers leave ponds fallow for 2-4 weeks between crops to 

enhance the decomposition of organic matter by bacteria. Organic matter 

decomposition is greatest at pH 7.5-8.5. if fallow pond soils are acidic, liming will 

enhance microbial activity. The lime requirement of pond soils can be determined by 

the procedure of Pillai and Boyd (18). Where the lime requirement cannot be 

measured, the following rates generally are satisfactory: 

 

  pH   CaCO3(kg/ha) 

6.5-7.5 500 

6.0-6.5 1,000 

5.5-6.0 2,000 

5.5-5.0 3,000 

<5.0   4,000 

 

Liming rates are based on CaCO3 with a neutralizing value of 100%. If a liming 

material has a different neutralizing value, its dose should be adjusted. To provide a 

liming rate of 2,000 kg/ha with a liming material of 90% neutralizing value, the 

appropriate dose is 2,000 kg/ha /0.90 = 2,222 kg/ha. Agricultural limestone is the best 

material to use on pond bottoms, because it will not raise the pH above 8.3. Burnt or 

hydrated lime can cause a high pH and temporarily halt microbial activity. 

When applying liming material to water or soil surfaces, spread the material as 

uniformly as possible. A best result in liming soils is achieved when liming material is 
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blended into the upper 10-cm soil layer by tilling. Care must be exercised when 

working with burnt or hydrated lime, because they are very caustic and can burn the 

skin and severely damage the eyes. 

Sodium carbonate, sodium bicarbonate, calcium silicate, and calcium phosphate 

are not recommended as liming materials. They are more expensive and less effective 

than agricultural limestone, burnt lime, and hydrated lime. Agricultural limestone is 

the best “ all-around” liming material for ponds. It is relatively inexpensive, effective, 

and safe to use.  

Arifin Z.(19)  investigated the effect of lime materials on water pH, total 

alkalinity, and total hardness in different saline water. Lime materials were CaCO3, 

CaMg(CO3 )2 ,Ca(OH)2 , and MgO with dosage at 1 g/L CaCO3 or equivalent as 

CaCO3 according to their neutralizing value. Results of the effect of liming material 

were significantly able to increase water pH, alkalinity and hardness. Water treated 

with MgO and Ca(OH)2 gave the highest pH value. The highest value of alkalinity was 

obtain from MgO, and it was follow subsequently by Ca(OH)2 ,CaCO3,and  

CaMg(CO3 )2 

Samarn(20) investigated the effect of hydrated lime (Ca(OH)2) on seawater with 

different salinity at 0-30 ppt. The application rate was 100 mg/L, (160kg/rai, depth 

pond 1m). He showed that liming were significantly effective in improving water pH 

(highest value within 2 hr), alkalinity and hardness. Increasing value of water pH, 

alkalinity and hardness were tending to be lower with the increasing salinity due to the 

buffer capacity of saline water. 

Boyd and Masuda (21) revealed that dissolved in water, liming materials will 

neutralize acidity in soil and water, and combine with carbon dioxide to form 

bicarbonate which is the main component of total alkalinity in pond water. The 

calcium and magnesium ions contribute total hardness to the water. Where water are 

highly acidic, much of the anionic component of the liming material (carbonate, 

oxides, or hydroxide) may be consumed in neutralizing acidity, so the increase in total 

hardness may exceed the increase in total alkalinity. Also some of the calcium and 

magnesium ions will be exchanged with acidic ions on cation exchange sites in bottom 

soil. Therefore, liming usually increases pH of water and soil, the quantity of calcium 

and magnesium adsorbed on soil, and the total alkalinity and total hardness of water. 
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Boyd (2) revealed that liming increases total alkalinity of water, thereby 

increasing the availability of carbon dioxide for photosynthesis and increase the total 

hardness by adding alkaline earth (Ca and Mg). Then, Boyd (3) wrote the reaction of 

liming materials with CO2 as follow; 

 

CaCO3 + CO2 + H2O  Ca2+ + 2 HCO3
- 

 

CaO + 2CO2 + H2O             Ca2+ +2 HCO3
- 

 

Ca (OH)2+ 2CO2              Ca2+ +2 HCO3
-  

 

 

2.3.3 Ammonia and Nitrite removal 

Methods of ammonia removal (22) 

Presently, several processes are available which could be used to reduce ammonia 

levels in water. These include physical-chemical and biological processes. The 

physical-chemical process commonly use for removal of NH3 are air stripping, 

breakpoint chlorination, and selective ion exchange processes. The biological method 

popularly applied is nitrification and combined nitrification/denitrification processes. 

Biological process alone are usually associated with nutrient feeding for bacterial 

growth, therefore, it will result in high concentration of organic compounds and high 

density of bacteria cell in treated water. 

In addition, among physical-chemical process, the use of breakpoint chlorination 

as a method of NH3 removal can achieve a high removal efficient (up to 100%), but 

process usually associated with general limitation as follows: 

 

1. Chlorine cost is high 

2. This method may produce high chlorine residuals that are not permitted in 

water, so it may require dechlorination. 

3. Process is sensitive to pH and may result in several unwanted chlorine by-

products, such as tri halo methane formed from the reaction with humic 

matters present in water. 
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4. If the pH of water is not for the process, pH adjustment is required, which 

increases the chemical cost of the treatment. 

 

The selective of ordinary cation exchange is as follows. 

Ba2
+ > Ca2

+ > Ni2
+ > Cu2

+ > Zn2
+ > Mg2

+ > K+ > NH4
+ > Na+ > H+ 

Zeolite, clinoptilolite, is know as the best suited material for removing ammonia, 

since it has a high selectivity for ammonia ions compared with other commonly 

occurring cations in water, such as Na +, Ca2
+, and Mg2

+ (19). 

At present zeolite was using widespread in the culture shrimp ponds which zeolite 

is not the lime materials. The property and characteristic of zeolite response on 

chemical reaction, ion exchanges with other toxic substance. 

 

Composition and Characteristics (3) 

 

Zeolites occur in natural deposits in many nations, and they are mined for use in 

agriculture and industry. Natural zeolites are aluminosilicate clay minerals; they have 

tree-dimensional frameworks of SiO4
4- tetrahedra into which Al3+ has been substituted 

for some of the Si4+. In a framework in which all four-corner oxygen ions of each 

tetrahedron are shared with adjacent tetrahedron (Figure 2-1), the overall ratio oxygen 

to silicon to be 2:1 and the mineral would be electrically neutral like SiO2. Partial 

substitution of Al3+ for Si4+ in zeolite leaves unsatisfied negative charges within and on 

the surfaces of zeolite crytals. These charges have been satisfied monovalent and 

divalent cations such as Na+ , K+ , Ca2+ , and Mg2+ . cations on zeolite can be 

enchanged for other cations, so zeolite are widely used as cation exchange media. 
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Figure 2-1 Structure of typicalsilicate tetradedra. Solid and open circles represent 

silicon and oxygen, respectively. 

Source: Boyd (3) 

 

Zeolites have large internal cavities and entry channels, which easily fill with 

water, air, or other molecules. They have strong capacities to adsorb and desorb 

molecules, which are small enough to pass through the entry channels. The adsorptive 

surface are is several hundred meters per gram of zeolite, and some zeolites can adsorb 

up to 30% of their weight of gases and other molecules. Because of their ability to 

selectively adsorb molecules of specific sizes, zeolites are used as molecular sieves. 

In cation exchange, cations on zeolite are exchanged for other cations in the 

surrounding solution. For example, Na+ of zeolite can be exchanged for NH4
+ in water 

as follows: 
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 Zeolite-Na + NH4
+  =    Zeolite- NH4  + Na+  

Zeolites have total cation exchange capacities of 2-5 meq/g. As 1 mwq of 

nitrogen in NH4
+ weights 14 mg, zeolites could theoretically adsorb 28-710 mg NH4

+ -

N /g.  In practical applications, not all of the cations on zeolite can be exchanged for 

ammonia because of in accessibility of some adsorption sites and competition among 

cations for adsorption sites (22). 

In water of shrimp ponds, NH4
+ -N concentrations usually range from 1-5 mg/L. 

Concentrations of Na+, K+, Ca2+, and Mg2+ are much greater than the NH4
+ 

concentration. These cations will complete with NH4
+ for exchange sites on zeolite, 

and the ability of zeolite to remove NH4
+ from water will be much lower than the total 

capacity of the mineral to adsorb cations. Marking and Bills (23) and Chiay vareesjja 

and Boyd (24) found that zeolite could adsorb about 9 mg NH4
+ -N /g from solutions 

of ammonium salts in distilled water. Zeolite was much less effective in removing 

NH4
+ from brackishwater because of the high concentration of cations. 

Use in pond  

In south East Asia, zeolite often is applied to shrimp ponds at about 200 kg/ha 

per month by broadcasting it over water surface. The purpose of zeoilte application is 

to remove hydrogen sulfide, carbon dioxide by absorption and ammonia by cation 

exchange. There also are claims that the silicon in zeolite promotes diatom growth 

(25). These claims will not stand up to scrutiny. When zeolite is placed in water, its 

cavities fill with water and they cannot effectively adsorb gases. The silicon in zeolite 

is not water soluble, and it is unavailable to diatoms. Besides, pond bottoms are 

already constructed of aluminosilicate clay and adding a little more aluminosilicate 

mineral in zeolite will not increase silicon availability. Adsorption of NH4
+ by zeolite 

in brackishwater is greatly repressed by the high concentration of dissolved cations. 

Samarn(20) investigated the effect of zeolite( mordanite type) for ammonia 

removal on seawater with different salinity at 0-30 ppt. The application rate was 12.5 

mg/L (20kg/rai, depth pond 1 m). He found that the concentration ammonia were 

slowly decreased after zeolite addition, and lowest decreased valve within 24 hr. The 

effective of zeolite for ammonia removal was tending to be lower with the increasing 

salinity due to the buffer capacity of saline water. 
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2.4  Fly ash  

Fly ash is a solid, fine-grained material resulting from the combustion of 

pulverized coal in power station furnaces. The material is collected in mechanical or 

electrostatic separators. The term fly ash is not applied to residue extracted from the 

bottom of boilers. 

 

2.4.1 Origin and Classification (26) Fly ashes may be sub-divided into two 

categories, according to their origin:  

• Class F: fly ash normally produced by burning anthracite or bituminous 

coal that meets the requirements applicable to this class. Class F has 

pozzolanic properties. 

• Class C: fly ash normally produced by burning lignite or sub-bituminous 

coal that meets the requirements applicable to this class. In addition to 

pozzolanic properties, class C fly ash also processes some cementitious 

properties. Some class C fly ashes may have lime contents in excess of 

10%.  

 

2.4.2 Physical and chemical characteristics  

Fly ash consists of finely divided spheroids of siliceous glass ranging from 1 to 

50 microns in diameter. Some of spheroids are considerably finer than portland 

cement, and a minor fraction consists of larger irregularly shaped particles, depending 

upon the type of coal and power plant condition (27). The shape and surface of fly ash 

are sphere and smooth when it is produced from coal with homogeneous ash 

composition under high temperature. 
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Figure 2-2 Characterize the morphology of fly ash by scanning electron microscopy 

with high power enlarge (x 1000) 

Source: Juntana (10)  

The average particle size (at 50% under) and specific surface area of fly ash from 

Mae Moh power plant is 0.033 mm.  and 3.42 x 10-3 mm2/ particle(10). 

The main constituents of coal ash are aluminosilicate glass, mullite, and quartz 

with smaller amounts of residual coal and ore minerals. Trace elements such as Pb, Cu, 

Cd, Zn, As, Cd, Mo, Se, Ni, and V etc. are usually concentrated in fly ash obtained 

from lignite or coal combustion. Chemical composition depends on the source and 

uniformity of the coal, temperature of burning, and the type of collection system used.  
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    Table 2-7 The chemical composition of fly ash from different source. 

Chemical composition    % by weight 

       German       Taiwan     Canada U.S.A.     Thailand 

SiO2         51.5           53.13        42.2            30.0           42.4 

Al2O3                        27.0            30.44            21.6           17.6            22.51 

Fe2O3                           7.79              3.59            27.6             4.9              9.02 

CaO                             2.32               2.12             1.87          27.9             9.82 

SO3                              0.77                 -                 1.10             -                1.51       

MgO                            1.80               0.58             3.03            5.20            3.05 

Na2O                           1.02               0.02             0.66            2.40            0.18 

K2O                             3.57              1.05               2.55           0.30            2.53 

Loss on ignition           2.73              6.63              1.85            0.20            1.36 

Source: Phichai (28) 

 

Table 2-8 Chemical characteristics of fly ash from Mae Moh power plant 

Component     % by weight 

     1990    1991    1992     1993      1994    1995      1996     1997 

SiO2     37.8      42.8     40.3      43.1      52.8      39.6       39.6      39.9 

Al2O3               20.5      23.3     24.0      20.2      18.0      22.3       23.0      26.9 

Fe2O3               14.2      14.0     15.0     13.2        8.5       12.5       12.6      11.8 

CaO                 17.4      10.5     11.2     13.0       13.3      14.0       12.7        9.0 

SO3                    3.9        3.9       3.1       2.6         2.8        2.7         2.4        0.9          

MgO                  3.3        2.4       2.8       2.7        1.4         2.5         2.4        1.2 

Na2O                 0.9        0.8       1.0       1.3        0.9         0.7         1.1        0.6 

K2O                   2.1        2.3       2.6       2.4        2.0         2.3         2.9        3.1 

Loss on ignition     0.8        0.7       0.5       0.6         0.3        0.9         0.8        0.8 

Source: Phichai (28) 
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2.4.3 Fly ash utilization  

Fly ash has been commonly used in construction fields and also in agriculture. 

Meanwhile, a very few studies on its utilization in aquaculture have been conducted. 

 

     1. Wastewater treatment 

Fly ash has emerged as a promising technique for wastewater treatment. General 

researchers demonstrated fly ash to remove various heavy metals from an aqueous 

solution (9,10). It was found that pH has vital effects on heavy metal removal 

efficiency while the factor of temperature had negligible effect (9,10). 

Pandy et al. (29) investigated the efficiency of Cd removal using fly ash.  Use fly 

ash 1 g/ cadmium solution 50 ml. It was found that the maximum efficiency occurred 

at the initial pH of 8.5 and equilibrium was completely reached within 2 hr. at 30 c.  

 In addition fly ash is capable of removing various dyes form wastewater (7,8). It 

was found that the dyes could be removed more than 69% and16.0 % at pH of 4.2 and 

4-8 respectively.    

Many authors have concluded that the fly ash has significant capacity for 

adsorption of particular adsorbate form aqueous solution due to its porous property. 

 

2. Amendment in agriculture 

The high free limes contains of fly ash makes it an attractive agricultural 

limestone substitute. The neutralizing value (equivalent to CaO and MgO content) of 

potential liming agent should be a least 30%: the criteria should be studied case by 

case to assess their possible benefits. The aims of the amendment to correct an acidic 

soil pH, the ash input rate depends strongly on the soil characteristics and on the ash 

neutralizing value. The crop yield is exactly the same with a traditional liming 

(limestone). 

Research has demonstrated the technical feasibility of reclaiming surface-mine 

spoil with fly ash (30). They reported that certain properties of fly ash make it 

attractive as an additive and conditioner for reclaiming acid surface mined areas. Some 

fly ash has a high pH to neutralize acid spoils, higher content of some macroplants and 

most microplant nutrients than many soils, and better moisture retention than many 

soils. 
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The potential of fly ash as a resource material in agriculture and related areas is 

now a well-established fact and more and more researchers and `users' are getting 

convinced with its utility potential in this field. The major attribute, which makes Fly 

ash suitable for agriculture, is its texture and the fact that it contains almost all the 

essential plant nutrients except organic carbon and nitrogen. Although fly ash cannot 

substitute the need of chemical fertilizers or organic manure it can be used in 

combination with these (or in some cases may part substitute their requirement) to the 

to get additional benefits in terms of improvement in soil physical characteristics, 

increased yields etc. As in the case with fertilizers and any other agriculture input , the 

amount and method of fly ash application would vary with the type of soil, the crop to 

the grown, the prevailing agroclimatic condition and also the type of fly ash available.  

 

3. Aquaculture 

Fly ash is the fine textured material containing a significant amount of calcium 

oxide and, has the potential of providing a swarm of multivalent cations under ionized 

conditions, which can promote flocculation of clay particle (31). 

The investigation of Vinary (32) concluded that the appropriate dosage of fly ash 

as turbidity removal material is 1,600 mg/L, which the turbidity decreased from 283 

FNU to 76 FNU in 7 days, and the efficiency rating was 72.9 %. It was found the 

effects of fly ash on water quality, pH increased on the first day with higher valves in 

the treatment with higher dosage, then after 4 days pH decreased sharply and reached 

lowest valves, and increased again toward in 7 days. 

Valves of all measured water quality parameters in the water treated by fly ash 

were within the acceptable ranges for fish culture. 
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CHAPTER 3

MATERIALS AND METHODS

This research was studied the capable of fly ash in pH neutralization and

ammonia and nitrite removal in water from shrimp pond. And to involve the water

quality parameter effect after fly ash adding.  The experiments were conducted at

faculty of Environment and Resource Studies Laboratory, Mahidol University, Salaya,

Nakornpathom province.

This study was included 3 experiments.

1.) Experiment I   : to study the pH neutralizing value and application rate for fly ash

2.) Experiment II  : to study the appropriate dosage of fly ash to remove ammonia and

nitrite in synthesis seawater

3.) Experiment III : to study the effectiveness of fly ash on water from shrimp pond

3.1  MATERIALS

3.1.1 fly ash from Mae Moh power plant of electrical generate authority of

Thailand Mae Moh amphur Lampang province (plant 13, 27 June 2001)

3.1.2 synthesis seawater with salinity at 10 ppt, 20 ppt, 30 ppt.

3.1.3 water sample from shrimp pond which in 2-3 months culture

3.1.4 deionized water

3.2  TOOLS AND EQUIPMENT

3.2.1 3,12 liters cylinder Glass

3.2.2 Spectrophotometer ( Spectro 22  Labo Med, inc.)

3.2.3 pH meter

3.2.4 Conductivity meter  (model 33 SN : C9017232  USA)

3.2.5 Saline reflectometer

3.2.6 Vibrant machine

3.2.7 Volumetric flask
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3.2.8 Graduated cylinder

3.2.9 Test tube

3.3 EXPERIMENTAL METHODS

         3.3.1  Experiment I : Determination of neutralizing value and the application

rate for fly ash

The term neutralizing value refers to the relative abilities of liming materials

to neutralize acidity. Pure calcium carbonate is assigned a neutralizing value of

100 percent and is the standard against which other materials are compared.(2)

1. 500 mg sample of finely ground liming material is placed in a 500 ml

Erlenmeyer flask

2. exactly 25 ml of standard 1 normal hydrochloric acid are added

3. The suspension is swirled, heated nearly to boiling, and held on a stream

bath until the reaction is complete.

4. About 100 ml of distilled water is added, and solution is boiled for 1 to

2 min.

5. When cool, the solution is titrated to the phenolphthalein end point with

standard 1 normal sodium hydroxide.

A sample equation for the calculation is:

Neutralizing Value (NV)(percent) =  (V-T) (N) (5,000)

S

Where

V = volume hydrochloric acid (ml)

T = volume sodium hydroxide (ml)

N = normality (should be same for acid and base)

S = sample weight (mg)

Agriculture limestone is made up of particles of differing size. Smaller particles

have a greater surface area relative to weight than larger particles, so small particles of

agricultural limestone react faster and more completely than large particles.  The

efficient rate based on sieve analysis for evaluating the fineness of agricultural
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limestone. Efficiency ratings for different size particles of agricultural limestone were

established.

Table 3-1 Efficiency ratings for different size particles

Particle size range

    Screen scale         mm.       Efficiency

  Retained on 10 mesh   <1.70         0.036

  Retained on 20 mesh  1.69-0.85         0.127

  Retained on 50 mesh  0.84-0.25         0.522

  Passed 60 mesh   <0.24         1.000

Source: Boyd (2)

To determine the efficiency rating

1. a sample of agricultural limestone is passed through a set of nested sieves

2. the percentages by weight of each particle-size class are measured

3. these percentages are then multiplied by the efficiency of each particle-size

class

4. the products are summed to give an overall efficiency rating

Comparisons of liming effectiveness between fly ash and calcium

carbonate

To compare the neutralizing value and the application rate of fly ash with

CaCO3 based on a liming rate equivalent to 500-kg CaCO3/ha with neutralizing

value 100%.

The application rates of fly ash as liming materials were determined using

the methods described by Boyd (2): NV/100 x ER/100 Application rate (kg/ha)

                    Application rate (kg/ha)    =     liming rate  as CaCO3 (kg/ha)

                                                              NV/100  x  ER/100
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        Where             NV = neutralizing value (percent)

        ER = efficient rate (percent)

          3.3.2  Experiment II: study on the pH effect and dosage of fly ash to reduce

ammonia and nitrite.

It need to do the preliminary experiment to find the application limits cause of

more dosage can make water pH value higher than aquatic animals alive and less

dosage can not effect to remove ammonia and nitrite.

I  :  The preliminary experiments are:

For ammonia removal experiment

1. fill fresh water 2 liters in 3L glass cylinders which each 2 sample

2. add NH3 solution to obtain 1 mg- NH3 /L

3. add fly ash at 4 different dosages which  are 0.25,0.5,1.0 ,and 2g

4. Measure ammonia concentration and pH value at contact time of initial

time, and after 24 hr.

5. fill synthesis seawater at salinity of 10 ppt,20 ppt ,and 30 ppt and

conduct experiment follow item 1-4

For nitrite removal experiment

1. fill fresh water 2 liters in 3L glass cylinders which each 2 sample

2. add NaNO2 solution to obtain 1 mg- NO2
- /L

3. add fly ash at 4 different dosages which  are 0.25,0.5,1.0 ,and 2 g

4. Measure nitrite concentration and pH value at contact time of initial

time, and after 24 hr.

5. fill synthesis seawater at salinity of 10 ppt,20 ppt ,and 30 ppt and

conduct experiment follow item 1-4

II:  The secondary experiments are:

The secondary experiment was implemented to determine the appropriate

dosage of fly ash for ammonia and nitrite removal. The experiment was conducted in

3-liter beakers, each with 2L of water sample. There were three treatments with dosage

of fly ash from preliminary experiment with three replicates each.
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Ammonia: Ammonia concentration and pH were measured for each

experimental container before fly ash application, and 10 min, 60min, 12 hr,

and 24 hr after fly ash application.

1. fill fresh water 2 L in 3L glass cylinders which each 3 sample

2. add NH3 solution to obtain 1 mg- NH3 /L

3. add fly ash at 3 different dosages which the results obtained from

preliminary experiment

4. measure ammonia concentration and pH value at contact time of 10 minute,

60 minute, 12 hr, and 24 hr

5. fill seawater at salinity of 10 ppt, 20 ppt and 30 ppt and conduct experiment

follow item 1-4

Nitrite: Nitrite concentration and pH were measured for each experimental

container before fly ash application, and 10 min, 60min, 12 hr, and 24 hr after

fly ash application.

1. fill fresh water 2 L in 3L glass cylinders which each 3 sample

2. add NaNO2 solution to obtain 1 mg- NO2
- /L

3. add fly ash at 3 different dosages which the results obtained from

preliminary experiment

4. measure ammonia concentration and pH value at contact time of 10 minute,

60 minute, 12 hr, and 24 hr

5. fill seawater at salinity of 10 ppt, 20 ppt and 30 ppt and conduct experiment

follow item 1-4
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Figure 3-1 procedure of the experiment II

water sample with ammonia ,nitrite concentration at 1.0 mg/L

  Fresh water  Salinity 10 ppt  Salinity 20 ppt  Salinity 30 ppt

Add fly ash at various dosages
from preliminary experiment

Various contact time

10min 60min 12 hr 24 hr

    Efficiency of ammonia and nitrite removal
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          3.3.3  Experiment III : study on the water quality effect of fly ash on water

from shrimp pond

Experiment III was designed to determine the effect of fly ash on water from

shrimp pond. The experiment was conducted in 12-liter plastic jar, each with 10L of

water sample.

The three treatments were:

1) Treatment  1:  control group (without fly ash)

2) Treatment 2: adding fly ash with dosage of fly ash result from

experiment I

3) Treatment 3:   adding fly ash with dosage of fly result from experiment

II

Concentration of ammonia, nitrite, pH, total alkalinity and hardness were

analyzed before fly ash application and after the application.

1. Measure ammonia-nitrogen, nitrite-nitrogen, total alkalinity, hardness and

salinity of water sample

2. Filler water sample 10 liters  in 12L glass cylinder which each 3 sample

3. add fly ash in different dosage

a) control group without fly ash addition

b) dosage which result from the experiment I (3.3.1)

c) dosage which result from the experiment II (3.3.2)

4. measure ammonia-nitrogen, nitrite-nitrogen, total alkalinity, hardness at

contact time of initial , 60 min , 12 hr, and 24 hr
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Figure 3-2 The procedure of experiment III

Water from shrimp pond

Treatment 1
Control

No fly ash

Treatment 2
Fly ash
3.3.1

Treatment 3
Fly ash
3.3.2

Various contact time

Initial 60 min 12 hr 24 hr

Data analysis
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3.4  ANALYTICAL METHODS OF WATER QUALITY

3.4.1 Total Alkalinity was analyzed by potentiometric titration to pre-selected

          pH [APHA (33)]

3.4.2 Hardness was analyzed by EDTA titration method [APHA (33)]

3.4.3 Nitrite-Nitrogen was analyzed by Grasshoff  (34)

3.4.4 Ammonia-Nitrogen was analyzed by phenal-hypochlorite method

         [APHA(33)]

  3.5  DATA ANALYSIS

Results obtained from the experiments II and III were concluded for the

ammonia removal efficiency using following equation:

The ammonia removal efficiency equation:

ammonia removal efficiency (%) =       (A-B)   x  100

                                                                                          A

Where ;  A = initial ammonia concentration , mg/l

         B = final ammonia concentration, mg/l

The nitrite removal efficiency equation:

nitrite removal efficiency (%)            =       (A-B)   x  100

             A

Where ;  A = initial nitrite concentration , mg/l

         B = final nitrite concentration, mg/l

he study will be presented as table and graph

3.5.1 Ammonia and Nitrite concentration data will be calculated for average

and standard deviation

3.5.2 Analysis of variance (ANOVA) was used for determine variability

among treatments following Duncan’s Multiple Range Test (DMRT)

test at 0.05 level for comparison between two different treatments.
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CHAPTER 4 
 

RESULTS AND DISCUSSION 
 

 
4.1 Experiment I: Determination of neutralizing value and the application rate 

for fly ash 

 
 Neutralizing Value (NV)(%)   =  (V-T) (N) (5,000) 

           S 
     =   (25-18) (1) (5,000) 

          500 

     =   70% 

 

The neutralizing value of fly ash was estimated as 70%, which was less than 

CaCO3 (100%). 

All particles of fly ash passing the 60-mesh sieve (which size is less than 0.24 

mm) are rated 100% by weight. 

100 percent passed 60 mesh = 100*1.000 = 100 

Overall efficiency rating = 100 percent 

So the application rate of fly ash as liming material was determined with an 

efficient rate (ER) equa to 100%. 

 
 Application rate (kg/ha) = liming rate as CaCO3 (kg/ha) 

     NV/100 x ER/100 

    =            500                

         70/100 x100/100 

    =   714.28  kg/ha 

 

Liming rates have been based on CaCO3 with neutralizing value of 100 %. To 

provide a liming rate of 500 kg CaCO3 / ha (3) with fly ash of 70 % neutralizing value. 

The application rates of fly ash were calculated as 714.28 kg/ha. 
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 The acid-neutralizing capacity of fly ash around 70 % which is less reactive 

than agriculture limestone CaCO3 (100 %), burnt lime CaO (179 %), hydrated lime  

Ca(OH)2 (135 %). This characteristic of fly ash can be used as a liming material. 

Therefore, the usage of fly ash must be higher than CaCO3 and the application of fly 

ash should be applied in the low acidic water or pond. The proper utilization of fly ash 

could be a benefit to shrimp farmers and save valuable landfill place which high pH. 

                                                                              

4.2 Experiment II: Study on the pH effect and dosage of fly ash to reduce 

ammonia and nitrite  
 

4.2.1 The preliminary experiments 
The effect of pH and fly ash dosage on ammonia and nitrite removal were 

firstly demonstrated in the preliminary experiments to find out the optimal value where 

it would be used in further experiments. The experiments were conducted in plastic 

jars which the initial pH of the samples were 8.7, 8.3,8.72,and 8.5 for the freshwater, 

10, 20 and 30 ppt synthesis seawater, respectively. 

 
Tables 4-1 Effect of various dosages fly ash on pH values of various water salinity 

 
pH Water sample Fly ash (g) 

Initial 0.17hr 24hr 
0.25 8.70 9.79 9.57 
0.5 8.70 9.82 9.35 
1.0 8.70 10.00 9.65 

Freshwater 

2.0 8.70 10.75 10.64 
0.25 8.30 8.46 8.30 
0.5 8.30 9.04 8.45 
1.0 8.30 9.40 8.64 

Synthesis 
seawater 
10ppt 

2.0 8.30 10.42 9.60 
0.25 8.72 8.91 8.39 
0.5 8.72 9.03 8.56 
1.0 8.72 9.35 8.67 

Synthesis 
seawater 
20ppt 

2.0 8.72 10.20 9.40 
0.25 8.50 9.05 8.59 
0.5 8.50 9.07 8.63 
1.0 8.50 9.37 8.80 

Synthesis 
seawater 
30ppt 

2.0 8.50 10.01 9.50 
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Figure4-1 pH effect of fly ash on water sample at 0.17 hr 

 
 
 
 

 
  Figure4-2 pH effect of fly ash on water sample at 24 hr 
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The results of various dosages of fly ash on pH values of various water’s 

salinity were presented in Table 4-1. It was exhibited that an increase of fly ash 

dosages gave rise of values in the first 0.17 hr and then slowly decreased in 24 hr. The 

pattern of pH changing of water by adding fly ash could be suggested that the fly ash 

reacted rapidly toward water where applications were released from fly ash and 

express the basis property. After that the basis property was neutralize by buffer in 

water, which led the pH value slowly increased. 

Although, an adding of fly ash led the pH value of water sample increased and 

upward to the dosage of fly ash. The available value of pH, pH ranging of 7.3-9 (2), 

was strictly considered in which the aquatic animal could be alive. Therefore, the fly 

ash dosage of 2 g/L was not considered for the experiment since the result, the final pH 

value was over an acceptable pH value for the living of aquatic animal.  

 

Table 4-2 Removal efficiency of NH3 and NO2
-  

Removal efficiency (%) Water sample Fly ash 
dosage(g) NH3 NO2

- 
0.25 18.20 0.0 
0.5 36.15 0.0 
1.0 52.8 0.0 

Freshwater 

2.0 53.05 0.0 
0.25 8.10 0.0 
0.5 6.45 0.0 
1.0 40.25 0.0 

Synthesis 
seawater 
10ppt 

2.0 36.8 0.0 
0.25 6.25 0.0 
0.5 12.65 0.0 
1.0 17.30 0.0 

Synthesis 
seawater 
200ppt 

2.0 29.35 0.0 
0.25 26.7 0.0 
0.5 9.75 0.0 
1.0 26.75 0.0 

Synthesis 
seawater 
30ppt 

2.0 24.20 0.0 
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Figure 4-3 NH3 removal efficiency of various dosages fly ash at 24hr 

 
From table 4-2, the efficiency of NH3 removal increased as the fly ash dosage 

increased in all application.  

From the figure 4-3 it showed that fluctuation takes place at the 30-ppt level. 

At a dosage of 0.25 until 1 g/L, the efficiency percentage increases upwards except at 

30 ppt and above 1 g/L the graph showed stabilization. Therefore we could say that 

dosage of 1 g/L is optimal efficiency level so therefore 1 g/L was recommended as a 

suitable level.  

  When using fly ash for nitrite removal, there was no change of the nitrite 

concentration after the 24 hours were reached. It was suggested that fly ash had no 

effect on nitrite removal.  

 
 
4.2.2 The secondary experiments 

This experiment used the results from the preliminary experiments, which the 

dosage of fly ash 1 g/L gave optimal efficiency for ammonia removal.  The dosage of 

fly ash lower and upper 1 g/L would be conducted. 

The experiment was designed to find out the alternation of pH values between 

24 hr after fly ash was conducted into sample water. 
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This experiment was examined at pH of 8.7,9.2,9.1, and 8.9 for freshwater, SW 

10 ppt, SW 20 ppt and SW 30 ppt, respectively. In various contact times, which were 

0.17 hr, 1 hr, 12 hr and 24 hr for various fly ash dosages of 0.5, 1.0 and 1.5 g/L.  

 

Table 4-3 Effect of water pH at different time 
 

pH Water 
sample 

Dosage of 
fly ash  Initial 10min 60min 12hr 24hr 
 0.5g/L 8.7 10.01 9.72 9.62 9.54 
1.0g/L 8.7 10.90 11.14 11.02 10.26 

FW 

1.5g/L 8.7 11.04 11.20 11.14 10.04 
 0.5g/L 9.2 10.94 10.01 9.83 9.69 
1.0g/L 9.2 10.20 10.18 9.88 9.45 

SW 
10ppt 

1.5g/L 9.2 10.37 10.36 10.02 9.55 
 0.5g/L 9.1 10.75 9.75 9.54 9.45 
1.0g/L 9.1 10.00 9.96 9.70 9.27 

SW 
20ppt 

1.5g/L 9.1 10.21 10.16 9.85 9.39 
 0.5g/L 8.9 9.94 9.31 9.13 9.04 
1.0g/L 8.9 9.87 9.84 9.59 9.19 

SW 
30ppt 

1.5g/L 8.9 10.07 10.02 9.74 9.32 
 

 

 
    Figure 4-4 Effect of contact time on water pH by the various salinity at 0.5 g/L fly 

ash dosage                   
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Figure 4-5 Effect of contact time on water pH by the various salinity at 1.0 g/L fly 

ash dosage 
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Figure 4-6 Effect of contact time on water pH by the various salinity at 1.5 g/L fly 

ash dosage 
This experiment was conducted in different levels of water salinity, which were 

10ppt, 20ppt, 30ppt, and freshwater by fly ash dosage of 0.5 g/L, 1.0 g/L, 1.5 g/L. The 

samples were collected at time intervals of 0.17, 1, 12 and 24 hrs to observed the trend 

of NH3 and NO2
- concentration. 

As shown in Table 4-3, it transpired that all doses of fly ash were able to 

increase water pH value. The similar result was found by Boyd(3) where liming 

material will increase the pH value of water of these results. The pH values were 

rapidly increased in the first 10 mins and then it tended to gradually decrease along 24 

hours later. And the pH of fresh water is more easily affected than the pH of saline 

water because of the buffer level in saline water, in which high salinity tends to have a 

higher buffer level than lower salinity. This is because the different salts in seawater 

tend to buffer the water with Alka-Salter-like ingredients. (19) 

 

Table 4-4 NH3 concentration of various fly ash dosage and salinity by various 

contact times 

NH3 concentration Water 
sample 

Dosage of 
fly ash initial 1hr 12hr 24hr 
0.5g/L 1.06 0.99 0.68 0.56 
1.0g/L 1.06 0.97 0.62 0.41 

FW 

1.5g/L 1.06 0.91 0.61 0.37 
0.5g/L 0.90 0.83 0.81 0.76 
1.0g/L 0.90 0.84 0.70 0.68 

SW 
10ppt 

1.5g/L 0.90 0.90 0.70 0.57 
0.5g/L 0.97 0.94 0.92 0.83 
1.0g/L 0.97 0.91 0.79 0.68 

SW 
20ppt 

1.5g/L 0.97 0.80 0.73 0.55 
0.5g/L 0.91 0.84 0.71 0.61 
1.0g/L 0.91 0.83 0.71 0.58 

SW 
30ppt 

1.5g/L 0.91 0.73 0.60 0.49 
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Table 4-5 NH3 removal efficiency of various fly ash dosages and water salinity by 

various contact times 

NH3 removal efficiency(%) Water 
sample 

Dosage of 
fly ash      0.17hr         1hr      12hr    24hr 
0.5 g/L 0 6.6 35.8 47.2 
1.0 g/L 0 8.5 41.5 61.3 

FW 

1.5 g/L 0 14.2 42.5 65.0 
0.5 g/L 0 7.7 8.8 15.5 
1.0 g/L 0 6.6 22.2 24.2 

SW 
10ppt 

1.5 g/L 0 8.0 22.2 36.6 
0.5 g/L 0 3.0 5.2 14.4 
1.0 g/L 0 6.2 18.5 29.9 

SW 
20ppt 

1.5 g/L 0 17.5 24.7 43.3 
0.5 g/L 0 7.7 22.0 33.0 
1.0 g/L 0 8.8 23.0 36.3 

SW 
30ppt 

1.5 g/L 0 19.8 34.0 46.2 

 
 

 
 
 
 
 
 

 
Figure 4-7 NH3 removal efficiency by fly ash 0.5 g/L 
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Figure 4-8 NH3 removal efficiency by fly ash 1.0 g/L 
 
 
 

 
Figure 4-9 NH3 removal efficiency by fly ash 1.5 g/L 
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  As the results from preliminary the nitrite removal of fly ash had no effective in 

synthesis seawater.  

The NH3 removal efficiency at various dosages of fly ash in freshwater and 10 

ppt synthesis seawater fluctuated during the first hour and then the efficiency indicated 

by graphs gradually increased until the time of 24 hours when the highest efficiency of 

each dosage was obtained.  
According to Figure 4-7, 4-8 and 4-9, it was appeared that the trend of NH3 

removal efficiency increased upon time course and reached the highest efficiency at 24 

hr. As compared, the synthesis seawater with 30 ppt salinity gave higher NH3 removal 

efficiency than the synthesis seawater with 20 and 10 ppt where the higher dosage of 

fly ash adding in sample water enhanced NH3 removal efficiency. Therefore, it was 

concluded that the salinity level of synthesis seawater influenced the NH3 

concentration in the water where the NH3 concentration decreased with increased 

salinity level.  

The similar result was found by Sununtha (35) who studied the effect of 

salinity level on the NH3 accumulation in soil. The result presented that NH3 decreased 

with an increased of salinity level where it was suggested that the increase of cation 

concentration namely Na ion might create an unfavorable environment for 

microorganisms involved in the formation of NH3. 

Nevertheless, it was exactly appeared that every salinity levels of synthesis 

seawater were comparatively less NH3 removal efficiency than freshwater where 

65.0% of NH3 removal efficiency obtained from the 1.5 g/L dosage of fly ash at 24 hr 

was the highest NH3 removal efficiency. It might be due to synthesis seawater has rich 

of commonly cation including Na+, Ca+ and Mg2+ which those cations compete among 

others cation to react with fly ash prior. And then the reaction of NH4
+ is appeared. 

While freshwater has less cation competing the reaction with fly ash then saline 

water. Thus fly ash could directly react with dissolved NH4
+ ion in freshwater and it 

results of fly ash exhibits an effective NH4 reduction in freshwater more than saline 

water. 
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Figure 4-10 NH3 removal efficiency of fly ash in freshwater  
 

 

 
Figure 4-11 NH3 removal efficiency of fly ash in seawater10ppt  
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Figure 4-12 NH3 removal efficiency of fly ash in seawater20ppt  
 
 
 

 
 

Figure 4-13 NH3 removal efficiency of fly ash in seawater 30ppt  
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According to Figure 4-10, 4-11, 4-12 and 4-13, it appeared that the NH3 

removal efficiency of fly ash increased by an increase of contact time and the 

experimental contact time of 24 hours gave the highest NH3 removal efficiency 

Moreover, it was found that the higher dosage of fly ash influenced the higher 

NH3 removal efficiency, where the experimental dosage of 1.5 g/L gave the superior 

efficiency over the dosage of 1 and 0.5 g/L, respectively 

As shown in Figure 4-10, the NH3 removal efficiency tended to increase from 1 

to 24 hours in all fly ash dosages examined. And there was no significant (P<0.05) 

difference in NH3 removal efficiency between 0.5, 1.0 and 1.5 g/L fly ash dosage in 

freshwater, in which 65 % of NH3 removal efficiency was obtained. 

 

 The similar trend of NH3 removal efficiency was noticed in Figure 4-11,4-12 

and 4-13 for which the experiments were conducted in synthesis seawater. At the 10 

ppt saline water level, the fly ash dosages of 0.5 g/L gave the least NH3 removal 

efficiency which significantly different (P<0.05) with fly ash dosage 1 and 1.5 g/L. 

There was no significantly different (P>0.05) of the NH3 removal efficiency between 

the fly ash dosage of 1 and 1.5 g/L which the highest efficiency was 36.6 %. At the 20 

ppt saline water level, there was no significantly different (P>0.05) of NH3 removal 

efficiency using the fly ash dosage of 0.5 and 1.0 g/L was found while the fly ash 

dosage 1.0 and 1.5 g/L have no significantly different (P>0.05). Moreover, the dosage 

of 1.5 g/L fly ash dosage gave the highest NH3 removal efficiency, which was 43.3%.  

At the 30 ppt saline water level, the fly ash dosage of 1.5g/L gave the highest NH3 

removal efficiency, which was 46.2%. While the dosage of 0.5 and 1.0 g/L has no 

significantly different (P>0.05) efficiency but both dosage significantly different 

(P<0.05) with fly ash dosage 1.5 g/L. 
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4.3 The experiment III: Study on the water quality effect of fly ash on water from 

shrimp pond 

 

The water quality effects of fly ash on water from shrimp pond were 

conducted. This experiment was designed to find of the effect of fly ash on water 

quality as pH, ammonia, nitrite, alkalinity and hardness. The experiment conducted in 

plastic jar and the water sample which the salinity of its was determinate as 10 ppt 

obtained from shrimp farm from Nakhornpathom province. 

There were 3 treatments in the experiment which  

1) Control group: without fly ash 

2) Fly ash 0.17 g/L: From experiment I the application dosage of fly ash 714.28 

kg/ha in 1 m-deep pond as 0.17 g/L 

3) Fly ash 1.00 g/L: From experiment II the appropriated dosage of fly ash for 

synthesis seawater  

 
4.3.1 pH 

 

Table 4-6 Effect of water pH in different treatments, various fly ash dosages and 

contact times 

Water sample pH                  

            Time(hr) 

Fly ash  

Dosage (g/L) 

 

Initial 

 

0.17hr 

 

1hr 

 

12hr 

 

24hr 

Control 

 

8.32 8.32 8.43 8.54 8.68 

Fly ash0.07g/L 

 

8.32 8.35 8.41 8.61 8.66 

Fly ash 1g/L 

 

8.32 8.55 8.66 8.75 8.74 
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Figure 4-14 Effect of water pH in different treatments 
 

 The results showed that fly ash able to increase water pH. It was found that the 

fly ash dosage 1.0 g/L increase the initial pH value of 8.32 to 8.66, 8.75 and 8.74 at 1.0 

hr, 12 hr and 24 hrs, respectively. The fly ash dosage of 1.0 g/L gave the pH value 

significantly different (P>0.05) with control group and fly ash 0.07g/L group at 1 hr, 

12 hr and 24 hr. While there was no significant different (P<0.05) of pH value between 

control and the fly ash dosage of 0.07 g/L in 1.0 hr and 24 hrs. Moreover, it was 

noticed that the pH value rose up in the first hour and then gradually increased until 24 

hr in every treatment. As Boyd (36) reported since liming neutralizes acidity, the pH of 

water and mud will usually increase after lime application. 
 

4.3.2 The efficiency of Fly ash on Ammonia and Nitrite Removal  

 

The experiment was designed to find out the capability of fly ash on ammonia 

and nitrite removal from the shrimp pond water. The various fly ash dosages of 0, 0.07 

and 1.00g/L were conducted in shrimp pond water to determine the NH3 and NO2
- 

removal efficiency with respect to time. 
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Table 4-7 NH3 and NO2
- concentration in various dosages of fly ash and times 

         Time(hr) NH3  concentration(mg/L) NO2
-concentration(mg/L) 

Fly ash 
 dosage(g/L) 

initial 1 12 24 initial 1 12 24 

         
Control 1.83 0.78 1.02 0.93 0.10 0.09 0.11 0.25 
         
         
0.07 1.83 0.75 1.21 0.90 0.10 0.09 0.12 0.27 
         
         
1.00 1.83 0.89 1.06 0.80 0.10 0.09 0.12 0.27 
         

 

 

Table 4-8 NH3 and NO2
- removal efficiency of fly ash in various dosages and times 

      Time(hr) NH3 removal efficiency(%) NO2 removal efficiency(%) 
Fly ash 
 dosage(g/L) 

initial 1 12 24 initial 1 12 24 

         
Control 0 57.37 44.26 49.18 0 10 -10 -150 
         
         
0.07 0 59.00 33.88 50.80 0 10 -20 -170 
         
         
1.00 0 51.36 42.07 56.28 0 10 -20 -170 
         
 

 

 

 

 

 

 

 

 



Ratchadaporn Pothiyun  Results and Discussion / 56 

 

 

Figure 4-15 NH3 removal efficiency of fly ash in different treatment 

 

 

 

 

Figure 4-16 NO2
- removal efficiency of fly ash in different treatments 
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According to Figure 4-15, the NH3 concentration rapidly decreased in the first 

hour and then increased from the time of 1-12 hr where the lowest NH3 concentration 

was reached at 0.78 mg/L, 0.75 mg/L and 0.89 mg/L for the fly ash dosage of 0 mg/L, 

0.07 mg/L and 1.0 mg/L respectively. After that, the NH3 concentration curves 

decreased again until the time of 24 hr. However, the statistical analysis found that 

there was no significant difference of NH3 removal efficiency in all dosages.  

As considering, the phenomenon could be divided into 3 phases. In the first 

phase, the sharp decrease of NH3 concentration curves occurred along the first hour 

might be due to NH3 ion was captured by an adsorption reaction of fly ash which 

performed as the main reaction in the first phase. In the second phase, the increase of 

NH3 observing in the time of 1-12 hr was related to an increase of pH occurring in 

Figure 4-14.Whereas the percentage of total ammonia increase if pH increase at same 

temperature as shown in Table 2-1 (14). It was suggested that the effect of pH mainly 

influence on an increase of NH3 concentration in this phase. In the third phase, the NH3 

concentration curves decreased from the time of 12-24 hr while the NO2
- concentration 

curves exactly increased. It was suggested that NH3 ion was naturally transformed into 

NO2
- ion and it caused of an increase of NO2

- concentration in the third phase. 

It could be seen that the fly ash dosage of 1 g/L at 24 hr gave the highest NH3 

reduction efficiency, which it was able to reduce NH3. However, there was no 

significant different (P<0.05) on the percentage of NH3 reduction between groups. 

These results were similar to the experiment II where the fly ash can reduce NH3 

concentration in 10 ppt of synthesis seawater. It was concluded that natural water from 

shrimp pond has various effects disturbing the mechanism or reaction between 

ammonia and fly ash. Therefore, the fly ash dosage of 1 g/L could lightly reduce NH3 

dissolving in natural water but not statistical different in the NH3 reduction efficiency. 

Conversely, Figure 4-16 showed that NO2
- concentration in all fly ash dosages 

rarely changed in the first 12 hr but exactly rose up from the time of 12 hr to 24 hr 

where the time of 24 hr gave the highest NO2
- concentration between the time ranging 

of 1-24 hr which were 0.25 mg/L, 0.27 mg/L and 0.27 mg/L for fly ash dosage of 0g/L, 

0.07g/L and 1 g/L, respectively. However, there was no statistically different of NO2
- 

reducing efficiency between those quantities of fly ash dosages. 
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 It was theoretically concluded that, NH3 was forming from the time of 1 to 12 

hr where the NH3 concentration reached maximum and then decreased by transforming 

from ammonium compound into nitrite and nitrate in the further time, respectively. 

 

4.3.3 Alkalinity 

 

Table 4-9 Effect of fly ash on water alkalinity in different times 

Water alkalinity (mg/L as CaCO3 )                  Time(hr) 

Fly ash  

dosage (g/L) 

initial 1hr 12hr 24hr 

Control 198.66 198.66 200.00 210.00 

0.07 198.66 204.66 210.00 214.00 

1 198.66 211.32 208.66 220.00 

 

 

 

 

Figure 4-17 Effect of fly ash on water alkalinity in different times 
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Results of this experiment showed that total alkalinity increased slightly after 

application of fly ash, and the alkalinity value increase up on the time up. In first hour 

adding the fly ash gave different total alkalinity up on fly ash dosage, there were 

significant  

(P<0.05) different. Total alkalinity in every treatment were not significant (P>0.05) in 

24 hr, it was due to the buffer capacity and its reaction reached equilibrium on water. 

From experiment I fly ash gave the acid-neutralization which increased the pH of 

water and the major components of fly ash are alumina, silica, ferric oxide and calcium 

oxide. These components made total alkalinity of water increased up, which high 

dosage would give high total alkalinity. It agreed with Boyd(36)and Vonn Vinary(32) 

that lime material had given amount of bicarbonate and hydroxide alkalinity. Liming 

materials release ions that contribute to total alkalinity and total hardness. And the 

increase in alkalinity and hardness following liming was obviously related to the 

degree of acidity of water an mud and to the amount of liming material applied. 

 

4.3.4 Hardness 

Table 4-10 Effect of fly ash on water hardness in different times 

Water hardness(mg/L as CaCO3 )            Time(hr) 

Fly ash  

Dosage (g/L) 

 0.17hr 1hr 12hr 24hr 

Control 1620.2 1620.2 1635.2 1650.9 

0.07 1620.2 1645.0 1637.2 1704.2 

1 1620.2 1645.0 1654.2 1719.0 
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Figure 4-18 Effect of fly ash on water alkalinity in different times  
 

Results of this experiment showed that total hardness in every treatment 

increased slightly after application of fly ash, there were no significant differences in 

0.17-12 hr, but there were significantly in fly ash dosage 0.07 and 1 g/L with control 

sample at 24 hr. The highest increasing value obtained 1719.0,1704.2 mg/L as CaCO3 

on fly ash dosage 1 g/L, 0.07 g/L. The highest increasing value obtained on fly ash 

dosage 1 g/L, 0.07 g/L and it’s value increase up to the time up. It agree with 

Boyd(36)and Vonn Vinary(32) Liming materials release ions that contribute to total 

alkalinity and total hardness. And the increase in alkalinity and hardness following 

liming is obviously related to the degree of acidity of water an mud and to the amount 

of liming material applied. 

Similarly, alkalinity and hardness of water tend to increase up on the amount of 

fly ash due to the major component of fly ash composed alumina (SiO2), silica (Al2O3), 

ferrice oxide (Fe2O3) and calcium oxide (CaO) which distribute amount of alkaline and 

hardness to water. 

An increase of pH value, alkalinity and hardness increases up on fly ash 

quantity and time course. 
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Hence, those above properties implied that fly ash could be use as liming 

material. However, fly ash was ineffective in NH3 and NO2
- reduction in shrimp pond 

water because it gave no significant different (P<0.05) results between control groups. 

While fly ash gave the expected results in synthesis seawater where it could adsorb 

NH3  but not for NO2
- . 

It can be seen that, the dosage of fly ash and contact time are  the main factors 

on an alternation of  NH3  and NO2
- removal efficiency. 

Moreover, It can be concluded that fly ash has the property of lime material 

and it could use as liming material. In contrast to zeolite, fly ash is unable to reduce 

NH3 and NO2
- in shrimp pond water and it is inappropriate in an adjustment of water 

quality for shrimp farming. 



Ratchadaporn Pothiyun  Conclusion and Recommendation / 62  

 

CHAPTER 5 

CONCLUSION AND RECOMMENDATION 

 

  

5.1 Conclusions 

From the experimental results and discussion of this study, the conclusion was 

be drawn as follow; 

 

1.   The neutralizing value of fly ash is 70%, which compare with standard pure 

CaCO3 100% and it is recommended as lime material which less effective than 

agricultural limestone, burnt lime, and hydrated lime.  

 

2. It was suggested that the reaction of fly ash effecting on water quality 

consists of 2 main reactions which are; 

2.1 An alternation of pH value 

Whereas fly ash has strongly property of alkali, it can increasingly induce the 

pH value of water which it further effect to other parameters of water quality such as 

ammonia, nitrite, alkalinity and hardness. 

2.2 Adsorption of fly ash 

The porous property of fly ash exhibits an excellent adsorption property, which 

ions such as ammonium ion can be adsorbed and it results of a decrease of ammonia 

concentration in synthesis seawater and water from shrimp pond. And the ammonia 

efficiency removal of fly ash depends on the quantity usage and reaction time. While 

the nitrite removal of fly ash was not found.  

3. It was concluded that fly ash exhibits greater performance on ammonia 

reduction in freshwater than saline water. It might be due to saline water has stronger 

ion competition effect which it reduced ammonium ion adsorption rate of fly ash. 

4. The usage of fly ash in ammonium reduction was efficient in synthetic 

seawater while it give  light efficiency in seawater from shrimp pond. It was observed 

that fly ash dosage ranging of 0.07-1 g/L was able to decrease ammonia concentration. 
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5. It was recommended that the application of fly ash should not use directly in 

water, because it will raise the high pH and temporarily halt microbial activity. It is 

recommended to use as pH adjustment of acidic soil and/or wastewater aquaculture 

pond which it is inexpensive, effective and safe to use. 

 

5.2 Recommendations 

 

5.2.1 Further study in fly ash as liming material is recommended to study in 

pilot scale  

5.2.2 High concentration seawater from natural resource or shrimp pond is 

recommended for further study. 

5.2.3 Various fly ash dosages of fly ash is recommended to study 

5.2.4 Toxicity of fly ash to living organism in water and soil should be 

conducted in aquaculture. 
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Table 1 pH effect of fly ash 0.5 g/L on synthesis seawater   
 
Water sample   10min  60min  12hr  24hr 
 
Freshwater   10.15  10.93  10.74  9.93 
    10.03  10.97  10.80  9.96 
    10.13  1.0.94  10.73  9.94 
   mean 10.10  10.94  10.75  9.94 
Synthesis seawater  9.67  10.06  9.76  9.36 
10ppt    9.75  9.99  9.74  9.30 
    9.76  9.99  9.75  9.28 
   mean 9.72  10.01  9.75  9.31 
Synthesis seawater  9.62  9.90  9.56  9.17 
20ppt    9.63  9.81  9.55  9.13 

   9.63  9.79  9.52  9.09 
  mean 9.62  9.83  9.54  9.13 

Synthesis seawater  9.54  9.72  9.47  9.06 
30ppt    9.56  9.68  9.45  9.03 
    9.54  9.68  9.44  9.03 
   mean 9.54  9.69  9.45  9.04 
 
 
 
Table 2  pH effect of fly ash 1.0 g/L on synthesis seawater  
 
Water sample   10min  60min  12hr  24hr 
 
Freshwater   10.92  11.17  11.04  10.29 
    10.92  11.13  11.03  10.25 
    10.86  11.14  11.00  10.25 
   mean 10.90  11.14  11.02  10.26 
Synthesis seawater  10.21  10.18  9.87  9.45 
10ppt    10.25  10.20  9.91  9.47 
    10.14  10.17  9.86  9.45 
   mean 10.20  10.18  9.88  9.45 
Synthesis seawater   9.96  9.91  9.65  9.23 
20ppt    10.04  9.97  9.71  9.27 
    10.07  10.01  9.74  9.31 

mean 10.00  9.96  9.70  9.27 
Synthesis seawater  9.84  9.83  9.54  9.15 
30ppt    9.89  9.86  9.62  9.22 
    9.89  9.84  9.61  9.21 

mean 9.87  9.84  9.59  9.19 
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Table 3 pH effect of fly ash 1.5 g/L on synthesis seawater  
 
Water sample   10min  60min  12hr  24hr 
 
Freshwater   11.06  11.24  11.15  10.42 
    10.97  11.13  11.13  10.41 
    11.09  11.25  11.14  10.39 
   mean 11.04  11.20  11.14  10.40 
Synthesis seawater  10.33  10.31  9.99  9.53  
10ppt    10.39  10.39  10.04  9.56 
    10.40  10.36  10.03  9.56 
   mean 10.37  10.36  10.02  9.55 
Synthesis seawater  10.09  10.11  9.82  9.37 
20ppt    10.24  10.20  9.87  9.41 
    10.21  10.18  9.86  9.41 

mean 10.21  10.16  9.85  9.39 
Synthesis seawater  10.06  10.03  9.72  9.31 
30ppt    10.10  10.03  9.78  9.34 
    10.06  10.00  9.74  9.31 

mean 10.07  10.02  9.74  9.32 
 
 
 
 
Table 4 effect of fly ash 0.5 g/L on ammonia concentration for synthesis seawater  
 
Water sample   10min  60min  12hr  24hr 
 
Freshwater   1.06  1.01  0.84  0.82 
    1.01  1.14  1.0  0.69 
    1.24  1.12  0.87  0.66 
   mean 1.10  1.09  .090  0.72 
Synthesis seawater  0.85  1.08  0.77  0.73 
10ppt    0.89  0.77  0.88  0.76 
    1.03  0.93  0.82  0.72 
   mean 0.92  0.92  0.82  0.73 
Synthesis seawater  1.07  1.25  0.98  1.03 
20ppt    0.95  1.14  1.03  1.16 
    1.18  0.98  0.99  0.93 

mean 1.06  1.05  1.0  0.98 
Synthesis seawater  0.88  0.93  0.93  0.90 
30ppt    0.99  0.93  0.91  0.90 
    0.91  0.88  0.95  0.83 

mean 0.92  0.91  0.90  0.87 
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Table 5 effect of fly ash 1.0g/L on ammonia concentration for synthesis seawater  
 
Water sample   10min  60min  12hr  24hr 
 
Freshwater   1.10  1.50  0.88  0.89 
    1.17  1.33  0.81  0.72 
    0.91  1.09  0.83  0.91 
   mean 1.06  1.30  0.84  0.84 
Synthesis seawater   0.83  1.11  0.79  0.85 
10ppt    0.89  1.24  0.80  0.94 
    0.97  0.91  0.79  0.85 
   mean 0.89  1.08  0.79  0.88 
Synthesis seawater   1.18  1.06  0.86  0.89 
20ppt    1.07  0.80  0.96  0.74 
    1.12  0.90  0.88  0.94 

mean 1.12  0.92  0.90  0.85 
Synthesis seawater   1.05  1.01  0.76  0.75 
30ppt    1.15  0.97  0.89  0.71 
    0.91  0.92  0.85  0.56 

mean 1.03  0.96  0.83  0.67 
 
 
 
 
 
Table 6 effect of fly ash 1.5g/L on ammonia concentration for synthesis seawater  
 
Water sample   10min  60min  12hr  24hr 
 
Freshwater   1.36  1.48  0.82  0.85 
    1.59  1.48  0.92  0.69 
    1.16  1.30  0.97  0.61 
   mean 1.34  1.42  0.90  0.71 
Synthesis seawater   0.94  1.12  0.86  0.69 
10ppt    0.94  1.06  0.77  0.88 
    0.97  0.94  0.71  0.74 
   mean 0.95  1.04  0.78  0.77 
Synthesis seawater   1.08  1.21  0.89  0.88 
20ppt    0.91  1.13  0.80  0.73 
    1.06  1.24  0.86  0.77 

mean 1.01  1.19  0.85  0.79 
Synthesis seawater   0.96  0.71  0.74  0.71 
30ppt    0.91  0.96  0.86  0.74 
    0.96  1.07  0.91  0.62 

mean 0.94  0.91  0.83  0.69 
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Table 7 effect of pH on water from shrimp pond 

 

Water sample   initial  1hr  12hr  24hr 

Control   8.32  8.40  8.56  8.68 

    8.33  8.27  8.55  8.70 

    8.31  8.30  8.52  8.67 

   mean 8.32  8.34  8.54  8.68 

Fly ash 0.07g/L  8.32  8.37  8.59  8.63 

    8.32  8.42  8.61  8.67 

    8.32  8.44  8.63  8.68 

   mean 8.32  8.41  8.61  8.66 

Fly ash 1.0g/L   8.32  8.61  8.73  8.72 

    8.32  8.68  8.76  8.75 

    8.32  8.69  8.78  8.76 

mean 8.32  8.66  8.75  8.74 

 

Table 8 effect of ammonia concentration (mg/L) on water from shrimp pond 

 

Water sample   initial  1hr  12hr  24hr 

Control   1.97  0.95  1.05  1.19 

    1.74  0.78  1.07  0.82 

    1.78  0.63  0.96  0.79 

   mean 1.83  0.78  1.02  0.93 

Fly ash 0.07g/L  1.97  1.03  1.19  0.91 

    1.74  0.50  1.38  0.89 

    1.78  0.71  1.06  0.89 

   mean 1.83  0.75  1.21  0.90 

Fly ash 1.0g/L   1.97  0.74  1.05  0.85 

    1.74  0.69  1.07  0.91 

    1.78  1.25  1.08  0.66 

mean 1.83  0.89  1.06  0.80 
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Table 9 effect of nitrite concentration (mg/L) on water from shrimp pond 

 

Water sample   initial  1hr  12hr  24hr 

Control   0.10  0.09  0.11  0.25 

    0.10  0.09  0.11  0.25 

    0.09  0.09  0.11  0.24 

   mean 0.10  0.09  0.11  0.25 

Flt ash 0.07g/L  0.10  0.09  0.12  0.27 

    0.10  0.09  0.12  0.27 

    0.10  0.09  0.13  0.28 

   mean 0.10  0.09  0.12  0.27 

Fly ash 1.0g/L   0.10  0.10  0.12  0.29 

    0.09  0.09  0.12  0.26 

    0.10  0.09  0.12  0.26 

mean 0.10  0.19  0.12  0.27 

 

 

Table 10 effect of total alkalinity on water from shrimp pond 

 

Water sample   initial  1hr  12hr  24hr 

Control   200  200  200  210 

    200  200  200  210 

    196  196  200  210 

mean 198.66  198.66  200.00  210.00  

Fly ash 0.07g/L  200  206  210  210 

    200  202  210  220 

    196  206  210  210 

   mean 198.66  204.66  210.00  241.00 

Fly ash 1.0g/L   200  212  212  210 

    200  212  208  220 

    196  210  206  230 

mean 198.66  211.32  208.66  220.00 
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Table 11 effect of total hardness on water from shrimp pond 

 

Water sample   initial  1hr  12hr  24hr 

Control   1626.8  1626.8  1645.1  1662.3 

    1626.8  1626.8  1645.5  1655.0 

    1607.2  1607.2  1615.0  1635.4  

mean 1620.2  1620.2  1635.2  1650.9  

Fly ash 0.07g/L  1626.8  1681.68 1638.5  1701.5 

    1626.8  1630.7  1634.6  1697.4 

    1607.2  1622.8  1638.5  1713.6 

   mean 1620.2  1645.0  1637.2  1704.2 

Fly ash 1.0g/L   1626.8  1646.4  1654.2  1709.5 

    1626.8  1650.3  1662.0  1721.66 

    1607.2  1638.5  1646.4  1725.7 

mean 1620.2  1645.0  1654.2  1719.0 
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