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This study evaluated carbon dioxide and nitrate utilization from tilapia cultivating system 

by means of microalgal cultivation. The first part of this study evaluated the feasibility of using 

nitrate-rich effluent from aquaculture to cultivate Scenedesmus armatus in comparison with the 

cultivation using BG-11 media. Comparable biomass productivity and pigment content of S. 

armatus from the cultivation indicated that nitrate-rich effluent from aquaculture could be used as 

substitute for a more expensive BG-11 growth media. The second part of this study evaluated the 

feasibility of utilizing carbon dioxide concentrated air from roughly 3 kg/m3 tilapia cultured tank to 

grow S. armatus. It was found that the maximum productivity of S. armatus at 110 mg/L·day was 

associated with using BG-11 media and carbon dioxide from fish tank although biomass dried 

weights and maximum specific growth rates were insignificant different as compared to other 

treatments using ambient air and BG-11 media without Na2CO3. The final part of the study 

examined the effect of fish biomass on carbon dioxide and nitrate production and their utilization by 

means of microalgal cultivation. Approximately 3, 5 and 10 kg/m3 of fish (tilapia) biomass were 

introduced into the recirculating aquaculture system and cultivated for 8 days and measured for 

carbon dioxide and nitrate production. Nitrate concentrations were relatively constant at 45.3 mg 

N/L for the range of fish biomass considered. The highest carbon dioxide production was found in 

10 kg/m3 fish cultivation, measured at 1,605 and 915 ppm from outlet of fish tank and solid 

separating unit, respectively.  Outlet air from this particular fish cultivation (i.e., 10 kg/m3) also 

yielded significantly higher biomass of S. armatus as compared to those using ambient air.  Carbon 

and nitrogen mass balance calculation from tilapia cultivation indicated that 7.99% to 16.42% of 

carbon and 7.58% to 15.58% of nitrogen from feed were accounted in fish biomass while 

significantly larger fraction of carbon in feed from 50.67% to 73.46% was converted to carbon 

dioxide. Only 2.2% to 3.4% of carbon dioxide produced were accounted into the biomass of S. 

armatus, whereas 33.40% to 74.63% of input nitrogen, mostly nitrate, from solid separating unit 

were transferred into microalgal biomass. The results from this work clearly demonstrated that 

microalgal cultivation was able to utilize wastes, namely carbon dioxide and nitrate, from 

recirculating aquaculture system to produce valuable products, and moreover, reduced adverse 

environmental impacts. In the broader picture, this work followed closely the concept of bio-, 

circular- and green (i.e., BCG) economy, which is one of the flagship policies of Thai government to 

propel the country from middle-income trapped status. 
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CHAPTER I 

INTRODUCTION 

 

 

1.1 Background and significance of research 

 

Aquaculture is a sustainable food production that has a potential to support 

global demand for increasing protein consumption. Unlike fishery, aquaculture 

reduces the use of natural fish stocks in the oceans [1]. Aquaculture is moving 

towards an intensive cultivation in a closed system, which employed technology to 

facilitate high biomass cultures, effective water utilization and less wastewater 

discharge [2, 3] Various wastes are generated during intensive aquaculture and 

requires proper treatment to ensure suitable conditions for cultured animals and to 

satisfy more stringent water regulations. Majority of aquaculture wastes include 

inorganic nitrogenous compounds (e.g., ammonia, nitrite and nitrate), organic solids 

and carbon dioxide, which are originated from unconsumed feeds, microbial growth 

within the cultivating system and animal excretion [4]. For inorganic nitrogen 

compounds, they are generally treated by nitrifying biofilter to convert ammonia to 

nitrate, which is significantly less toxic than ammonia and nitrite. Ammonia can also 

be controlled by assimilating directly into bacterial biomass in a process called biofloc 

technology [5, 6]. Despite lower toxicity as compared to ammonia and nitrite, nitrate 

is rapidly accumulated in nitrifying biofilter unit and cultured tanks and the discharge 

of nitrate-rich effluent into natural water resources can accelerate eutrophication. The 

conventional nitrate treatment for intensive aquaculture system is heterotrophic 

denitrification, a process that reduces nitrate to nitrogen gas under anaerobic 

condition. Moreover, there are reports citing the use of photosynthetic systems such as 

aquaponics, planting in greenhouse, or microalgal process to reduce nitrate in 

wastewater [7, 8]. For organic solids, they are usually removed from water by 

filtration, centrifugation or sedimentation, and then used for landfill, fertilization or 

biogas production [9].  
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Besides inorganic nitrogen compounds and solids, carbon dioxide is also 

produced during aquaculture cultivation as a result of respiration from aquatic animals 

and microorganisms in water. It was estimated that carbon dioxide production, ranged 

from 1.1 to 1.7 kg CO2/kg-feed, was generated from aquaculture cultivating systems 

[10, 11]. The presence of excessed carbon dioxide in water can be detrimental, 

especially during the intensive aquaculture cultivation in which significant amount of 

carbon dioxide is produced, leading to substantial decrease of pH in water unless 

adequate control system is available [10]. Moreover, carbon dioxide can diffuse in 

water, through water-air interface and finally enter the atmosphere. Results of carbon 

mass balance from the recirculating system for catfish (Clarias gariepinus) revealed 

that approximately 47% of carbon in feeds were converted to carbon dioxide as 

compared to roughly 30% that was converted into fish biomass [12]. The same work 

also indicated that the amount of carbon dioxide emitted into the atmosphere from 

aquaculture cultivating systems depended on feeding rate, which increased with fish 

production. If aquaculture production worldwide still expands at the current rate, it 

would be inevitable that significant amount of carbon dioxide will be released into the 

atmosphere. Based on the literature survey, the process that directly controls or 

captures carbon dioxide from aquaculture cultivating system is not available, and 

therefore it is necessary to introduce the novel concept of carbon dioxide capture from 

intensive aquaculture cultivation by creating carbon dioxide storage above the water 

surface and then utilizing the captured carbon dioxide in downstream processes. 

Specifically, carbon dioxide from aquaculture cultivation is concentrated and stored in 

an air locked system with only one outlet to allow transportation to photosynthetic 

systems such as aquaponics or microalgae processes, where the stored carbon dioxide 

is utilized together with nitrogenous compounds (i.e., nitrate) from aquaculture 

effluent to generate biomass and valuable byproducts, which can be sold to improve 

the economic feasibility of process, while oxygen production as a result of 

photosynthesis can be recycled to animal cultured tanks to lower oxygen and energy 

consumption [13]. Although aquaponics is simple to build and requires lower capital 

and operational costs, microalgal process was reported to consume carbon dioxide per 

unit area approximately 7 to 8 times higher and produced wider range of useful 

products that increase the economic feasibility of the process [14, 15]. 
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Based on the information presented, this research introduced the concept of 

sustainable aquaculture that integrated the recirculating aquaculture system (RAS) to 

minimize wastewater discharge, along with carbon dioxide storage and microalgae 

cultivating unit to utilize carbon dioxide from aquaculture production and nutrients 

from the effluent. As illustrated in Fig. 1.1, this integrated system consists of the 

following units: (1) fish tank, which accumulates carbon dioxide in the headspace 

above water surface; (2) solid separating unit to maintain acceptable suspended solid 

concentration in cultured tank and to convert nitrogenous waste from aquaculture tank 

to less toxic nitrate; and (3) microalgal cultivation to utilize carbon dioxide from 

aquaculture tank as carbon source and nitrate-rich effluent from nitrification system 

(i.e., solid separating unit, biofilter tank) as nitrogen source to produce microalgal 

biomass and other valuable byproducts. High oxygen air as photosynthetic product 

from microalgal production unit, continuously stripped from liquid in 

photobioreactors, can be reused in aquaculture tanks or release directly into the 

atmosphere. Microalgal biomass can be utilized in many ways to improve economic 

values of the integrated system, for examples, feeding microalgal biomass containing 

high carotenoids content directly as live feeds for zooplanktons, which in turn was 

supplied as protein and carotenoids sources during the hatchery of economically 

important aquacultures or extracting microalgal biomass for pharmaceutical value-

added compounds such as carotenoids and fatty acids and biofuels [16, 17]. It should 

also be pointed out that additional carbon dioxide production is possible in the solid 

separating unit via microbial respiration and can be stored together with carbon 

dioxide from aquaculture tanks [18]. Based on the information presented, it was 

reasonable to conduct the feasibility study to investigate many aspects of the process, 

for instance carbon dioxide production from aquaculture cultivation at different fish 

biomass and the possibility of utilizing nitrate from nitrifying biofilter treating 

aquaculture water and carbon dioxide to produce microalgal biomass. 
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1.2 Research objectives 

 

1.2.1 To proof the concept of utilizing carbon dioxide and nitrogenous wastes 

from aquaculture cultivating system by photosynthetic process. 

 

1.2.2 To evaluate the performance of recirculating aquaculture system equipped 

with carbon dioxide storage and microalgal cultivation. 

 

 

Figure 1.1.  Overview of recirculating aquaculture system with carbon dioxide 

storage and solid separating unit and microalgal cultivation. 

 

1.3 Hypothesis 

 

Microalgal cultivation could utilize carbon dioxide and nitrogenous wastes 

from recirculating aquaculture system by conversion into microalgal biomass. 

 

1.4 Scopes 

 

1.4.1 Recirculating aquaculture system consisted of the following: (1) fish tank 

(FT) for aquaculture production and (2) solid separating unit (SU) for simultaneous 

solids-liquid separation and nitrification. Fish tank and solid separating unit were 

completely sealed to prevent air leakage. Microalgal cultivation (MC) was performed 

in Duran bottles or bubble column photobioreactors. 
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1.4.2 Nile tilapia (Oreochromis niloticus), with initial weight from 30 to 50 g, 

were used as model species. Fish were released into fish tank to attain the initial 

biomass from 3 to 10 kg/m3 to study the examine the effect of fish biomass density on 

carbon dioxide and nitrate production. Scenedesmus armatus was selected for 

photoautotrophic microalgal cultivation. 

 

1.4.3 Recirculating aquaculture system (i.e., FT and SU) was operated until 

attaining mature state condition for a given fish biomass. Nitrate and carbon dioxide 

at mature state condition were sent to microalgal cultivation. Results, which included 

inorganic nitrogen (i.e., ammonium, nitrite and nitrate) treatment, carbon dioxide 

production and microalgal growth at different fish stocking densities, were compared. 

 

1.4.4 The following variables were routinely measured during the experiment: 

(1) carbon dioxide concentration in overhead space of fish tank and outlet of solid 

separating unit, (2) concentration of ammonium, nitrite and nitrate in fish tank, 

effluent from solid separating unit and liquid in photobioreactors for microalgal 

cultivation (3) cell number density and dried weight of S. armatus in photobioreactors 

for microalgal cultivation and (4) fish weight and length. 

 

1.5. Benefits 

 

This research produced prototype technology for integrated aquaculture 

cultivating system and photosynthetic process that were capable of reducing carbon 

dioxide emission and lowered nitrate concentration in the discharged stream by 

converting these wastes into valuable biomass. The results obtained also paved the 

way for the development of larger sustainable aquaculture systems, which were 

important in protecting the environment and improving the standard of living for local 

farmers. Moreover, with the appropriate strain of microalgae, this technology could be 

employed to produce valuable biorefinery products at reasonable cost, hence serving 

the government policy of bio- circular- and green (BCG) economic platform.



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER II 

LITERATURE REVIEW 

 

2.1 Aquaculture 

 

Aquaculture is a farming of aquatic species including fish, crustaceans (e.g., 

shrimps, prawns and crabs), shellfish and aquatic plants for human consumption [5]. 

Aquaculture can be classified into 3 types based on water utilization and wastewater 

management, namely opened aquaculture systems, closed aquaculture systems and 

semi-closed aquaculture systems. Table 2.1 compares advantages and disadvantages 

between each aquaculture system. 

 

2.1.1 Opened aquaculture systems 

Opened aquaculture systems are the basic and simplest aquaculture 

system, generally referred to as farming in natural water resources. Natural water is 

continuously flowed through the production system to keep good water quality. 

Wastes from cultured species are discharged directly into natural water resources and 

cause negative environmental impacts such as toxicity of nitrogenous compounds 

towards fish and eutrophication [5]. Cultured animals in opened aquaculture system is 

susceptible to contamination with pathogen from upstream [5]. 

 

2.1.2 Closed aquaculture systems 

Closed system aquacultures are farming of aquatic animals that is 

separated from natural water resources. These systems required wastewater treatment 

processes (e.g. filtration, nitrification and denitrification) to ensure acceptable water 

quality for reuse [10]. Closed system aquaculture is complex and requires skilled 

labors, thereby incurring high cost of investment and operation. 
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2.1.3 Semi-closed aquaculture systems 

Semi-closed aquaculture systems are similar to closed aquaculture system 

but required periodic water exchange between cultured tank and natural water 

resource to prevent water quality reaching critical condition that could be danger to 

cultured animals. 

 

Table 2.1. Advantages and disadvantages of opened, closed and semi-closed 

aquaculture systems [3, 5, 10] 

Type of system Advantages Disadvantages 

Opened system - Low investment cost - Difficulty to control water 

quality 

- Unsteady production 

- Low production yield 

Semi-closed system - Able to control aquaculture 

condition to a certain extent 

- Higher production yield 

than opened system 

- Higher investment cost 

than opened system 

- Still require water 

exchange 

Closed system - Complete control of water 

quality and low risk from 

contamination 

- Required less water for 

cultivation 

- Highest production yield 

- Very high investment cost 

- Require skill labors and 

operators  

 

 

2.2 Water quality parameter in aquaculture 

 

Good water quality is the most important factor for successful aquaculture. 

Important water parameters to be considered in this thesis were dissolve oxygen 

(DO), temperature, inorganic nitrogen compounds, alkalinity and pH. 
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2.2.1 Dissolved oxygen (DO) 

Dissolved oxygen is the most important and most critical parameter 

because oxygen is required for respiration of cultured animals. As showed in Table 

2.2, dissolved oxygen concentration should exceed 5 and 6 mg/L for tropical zone fish 

and temperate zone fish to obtain well growth [5, 19, 20]. Dissolving ambient air to 

aquaculture system as oxygen source by air pump increases dissolved oxygen 

concentration to saturation point that should be adequate for low density aquaculture, 

while use of pure oxygen or pressurized oxygen is suited for intensive or super-

intensive aquaculture [21, 22]. Table 2.2 displays the effect of dissolved oxygen 

concentration on animal health. 

 

Table 2.2  Effect of dissolved oxygen on aquatic animal health 

 

Dissolved oxygen 

(mg/L) 
Influence on aquatic animals 

< 1 mg/L Acute toxicity to aquatic animal 

1-5 mg/L Aquatic animals can live but the growth rate is decreased. 

> 5 mg/L Optimum condition for warm water fish 

> 6 mg/L Optimum condition for cool water fish 

 

2.2.2 Temperature 

Water temperature in aquaculture system depends on the amount of 

sunlight and ambient temperature. Water temperature affects the physiological 

processes of aquatic animal, such as respiration, growth and reproduction [5]. Fishes 

are classified as endotherm, which means their body temperature is equal to their 

surrounding environment and their metabolism processes depend on water 

temperature. Rapid changing of temperature will make their metabolism processes 

abnormal. However, aquatic animals can still tolerance the seasonal changing of water 

temperature [10]. Moreover, dissolved oxygen depends on water temperature. Lower 

dissolved oxygen is associated with increasing water temperature [23]. 
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2.2.3 Inorganic nitrogen compounds 

Nitrogen is an essential element for all living organisms as it is the basic 

element in proteins, and nucleic acids. Uneaten feed along with animal urine and 

feces will degrade into nitrogenous wastes such as ammonia nitrite and nitrate, which 

are known to be toxic towards aquacultures. 

 

Ammonia 

Ammonia in aquaculture system is generated from microbial degradation 

of unconsumed proteins in feed and animal excretion. Toxicity of ammonia is 

dependent on the percentage of un-ionized ammonia, which is the most toxic form. 

Increasing of pH, salinity or temperature increase the proportion of un-ionized 

ammonia. Un-ionized ammonia should be below 0.05 mg N/L while the total 

ammonia concentration should be less than 1.0 mg N/L for long term exposure. 

 

Nitrite 

Nitrite is the intermediate in nitrification process or produced during the 

reduction process from nitrate to nitrogen gas under anaerobic condition (i.e., 

denitrification). Nitrite accumulation can be found during incomplete nitrification. 

When nitrite enters bloodstream, it changes hemoglobin to methemoglobin by 

oxidizing iron in hemoglobin molecule from ferrous state (Fe2+) to ferric state (Fe3+). 

Methemoglobin has low ability to carry oxygen as compared to hemoglobin, thus 

making the bloodstream lack of oxygen (i.e., hypoxia), hence the common name 

“brown-blood disease” [24, 25]. Toxicity of nitrite increases when dissolved oxygen 

concentration decreases especially when the temperature is high. Nitrite concentration 

should be below 1 mg N/L. 

 

Nitrate 

Nitrate is the final product of nitrification [26]. Nitrate is the least toxic 

inorganic nitrogen compounds as compared to ammonia and nitrite, thereby it is 

common to find recirculating aquaculture system operated until reaching high nitrate 

concentration. However, it should be caution that nitrate can be partially reduced to 

toxic nitrite when aquaculture system has low dissolved oxygen concentration and 
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high temperature. In recirculation aquaculture system, nitrate levels are usually 

controlled by water exchanges or performing denitrification that reduces nitrate to 

nitrogen gas before releasing into the atmosphere [10, 27]. 

 

2.2.4 pH (Acid-base of water) 

pH is a negative logarithm of hydrogen ion (H+) concentration. Water in 

recirculating aquaculture systems should be maintained pH in the range from 6.5 to 

9.0, which are the optimal range for many aquatic species. Hydrogen sulfide is more 

toxic when pH decreases. Nitrite is reduced under acidic condition to nitrous acid, 

which inhibited nitrite oxidizing bacteria, resulting in incomplete nitrification. When 

the pH of water increases more than 9, ammonia will be present in the more toxic un-

ionized form [10]. Under intensive cultivation, carbon dioxide from respiration of 

cultured animals will react with water to form carbonic acid, hence decreasing the 

water pH of the cultivating system. In order to avoid significant pH reduction, 

increase aeration and mixing are needed to strip carbon dioxide from water and 

alkalinity must be maintained above 150 mg CaCO3/L [10]. The effect of pH on 

aquatic animals is summarized in Table 2.3. 

 

Table 2.3.  Effect of pH on aquatic animals [10] 

 

pH Effect on aquatic animals 

pH below 4.0 Death likely 

pH 4.0 - 5.0 Inhibit the reproductive system 

pH 4.0 - 6.0 Slow growth 

pH 6.5 - 9.0 Optimal range for growth 

pH 9.0 - 11.0 Slow growth 

pH 9.5 - 11.0 Inhibit the reproductive system 

pH above 11.0 Death likely 

 

2.2.5 Alkalinity 

Alkalinity is a chemical measurement of pH-buffering capacity, which is 

reported as mg/L CaCO3. Bicarbonates represent the major form of alkalinity in 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

11 

 

natural waters; its source being the partitioning of CO2 from the atmosphere and the 

weathering of carbonate minerals in rocks and soil. Alkalinity is necessary for 

nitrification, which requires alkalinity at 7.14 g CaCO3 for 1 g ammonia nitrified. 

Alkalinity should be adjusted by adding of sodium bicarbonate (NaHCO3). The 

recommended range of alkalinity for aquaculture is between 50 and 300 mg CaCO3/L 

[10].  

 

2.3 Biological process for nitrogenous waste treatment 

 

Biological processes for nitrogenous waste treatment are based on nitrogen 

cycle [28]. Important process to be considered here includes ammonia assimilation, 

nitrification, and heterotrophic denitrification. 

 

2.3.1 Ammonia assimilation 

Ammonia is assimilated directly into cells of heterotrophic bacteria or 

microalgae. Assimilated ammonia is utilized as nitrogen source for synthesis of 

essential compounds such as amino acids, proteins and nucleic acids. The final 

products from ammonia assimilation process by heterotrophic bacteria are bacterial 

biomass, water and carbon dioxide as showed in equation 2.1 [29]. Unlike bacteria, 

ammonia assimilation process by microalgae produces biomass and oxygen as 

showed in equation 2.2 [29]. Biomass of bacteria and microalgae in the reactions are 

represented as C5H7O2N and C106H263O110N16P, respectively.  

 

NH4
+ + 1.18C6H12O6 + HCO3

- + 2.06O2  C5H7O2N + 6.06H2O + 3.07CO2  (2.1) 

16NH4
+ + 92CO2 + HPO4

2- + 92H2O + 14HCO3
-  C106H263O110N16P + 106O2  (2.2) 

 

The concept of biofloc technology system is also based on assimilation of 

ammonia directly into heterotrophic bacterial cells. In order to accelerate the 

assimilating process, addition of organic carbon into the treatment tanks or ponds 

should be carried out at the weight C : N > 10 [6]. Aerobic condition and well mixing 

must be maintained in order to avoid the formation of anaerobic metabolites. 

However, work by Nootong et al. (2013) [30] also pointed out the significant 
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contribution from nitrification on inorganic nitrogen treatment in biofloc technology 

system after the complete nitrification was established. The advantage of biofloc 

system as pointed out by Avnimelech (1999) [6] was the ability to recycle 

unconsumed feed proteins by means of biofloc consumption by important economical 

aquatic animals such as tilapia, carp or shrimp. The main setback of heterotrophic 

biofloc system is high energy requirement for oxygenation and mixing as well as the 

difficulty in maintaining suitable range of biofloc (i.e., suspended solids) in cultured 

tanks [4]. 

 

2.3.2 Nitrification 

Nitrification is the two-step process that converts ammonia successively to 

nitrite and nitrate under aerobic condition. Ammonia oxidizing bacteria (AOB) (e.g. 

Nitrosomonas) are responsible for the oxidation of ammonia to nitrite (Equation 2.3) 

while nitrite oxidizing bacteria (NOB) (e.g. Nitrospira, Nitrobacter) convert nitrite to 

nitrate (Equation 2.4).  Nitrifying treatment system can be carried out in suspended-

growth or attach-growth configuration. For attach-growth, material with high specific 

surface area and high void ratio, such as sand particles or complex plastic particles 

can be used [10, 11]. The disadvantage associated with nitrification is slow bacterial 

growth, thereby leading to long startup period approximately 30 to 40 days. Suitable 

pH for nitrification ranges from 7.0 to 8.2, while DO should be greater than 2.0 mg/L. 

The overall reaction for nitrification is displayed in equation 2.5 with C5H7O2N 

represents bacterial biomass. 

 

55NH4
++ 109HCO3

-
 + 76O2  54NO2

- + C5H7O2N + 57H2O + 104H2CO3 (2.3) 

 

400NO2
- + NH4

+ + 4H2CO3 + HCO3
- + 195O2   400NO3

- + C5H7O2N + 3H2O  (2.4)  

 

NH4
+ + 1.98HCO3

- + 1.86O2  

0.98NO3
- + 0.02C5H7O2N + 1.04H2O + 1.88 H2CO3  (2.5) 
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2.3.3 Heterotrophic denitrification 

Heterotrophic denitrification is the process that reduces nitrate into nitric 

oxide, nitrous oxide and nitrogen gas as the final product under anaerobic condition. 

Organic carbon compounds (e.g., methanol, acetate, formic acid) must be added 

during the process because denitrification is carried out by heterotrophic bacterial 

genus such as Pseudomonas, Thiobacillus and Bacillus [31] that require external 

organic carbon for growth. Methanol is the most common organic carbon for 

denitrification due to its price. Suitable pH for denitrification ranges from 7.0 to 8.2, 

while DO should be less than 0.5 mg/L. The overall reaction of heterotrophic 

denitrification is showed in equation 2.6. 

 

NO2
-+1.08CH3OH+0.24H2CO3  0.056C5H7O2N+0.47N2+HCO3

-+1.68H2O  (2.6) 

 

2.4 Nile Tilapia 

 

 

Figure 2.1. Nile tilapia (Oreochromis niloticus) 

 

Nile tilapia (Oreochromis niloticus) is a tropical fish, which have deep bodied 

with cycloid scales that prefers to live in shallow water. Its body has silver color with 

olive, grey or black stripes on body. This fish often flushes into red color during the 

breeding season [32]. Nile tilapia can live in water that have temperature from 11 to 

42 °C but prefer temperature ranges from 31 to 36 °C. The fish is an omnivorous 

grazer that can feed phytoplankton, aquatic plants, invertebrates, benthic fauna as its 

food [33]. Nile Tilapia is widely introduced for aquaculture cultivation because of it 

has wide range of ecological adaptations [34]. 
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2.5 Wastes from nitrifying aquaculture system and treatment methods 

 

2.5.1 Suspended solids 

Suspended solids in aquaculture system are generated from uneaten feed, 

animal feces and microbial biomass proliferated in aquaculture system [6]. The size of 

suspended solids in aquaculture system ranges from 30 to 250 µm [30, 35]. 

Suspended solids should be maintained below 80 mg/L [10]. Many methods can be 

used to separate suspended solids from water including gravitational sedimentation, 

filtration (e.g., conventional and crossflow), flotation and centrifugation [36]. 

Separated solids are usually sent to landfill or used for biogas production depending 

on their composition [9]. 

 

2.5.2 Nitrogenous wastes 

Nitrogenous wastes in recirculating aquaculture system are generated from 

uneaten feed, animal excretion, and microbial conversions from different biological 

pathways. For nitrifying aquaculture system, nitrate accumulation will follow after 

long period of cultivation. If effluent containing high nitrate concentration is 

discharged into environment, it will accelerate eutrophication and cause oxygen 

depletion at night [37, 38]. Drinking water containing nitrate can be harmful 

especially with enfant less than 1 month old, as nitrate can cause “blue-baby 

syndrome”, a symptom caused by nitrate biding with hemoglobin and consequently 

hinder oxygen transport to in blood stream. Heterotrophic denitrification can be used 

to remove nitrate from cultured tank before final discharge. Another method for 

nitrate removal is employing photosynthesis process (e.g., aquaponic, microalgal 

cultivation) to convert nitrate into biomass [7, 8]. 

 

2.5.3 Carbon dioxide 

Carbon dioxide is introduced into water through respiration of aquatic 

species and microorganisms.  The problem of carbon dioxide is apparent in intensive 

aquacultures, where carbon dioxide from respiration is dissolved in water to form 

carbonic acid, hence decreasing pH of cultured tank. Carbon dioxide is inorganic 

carbon which can react with water in aquaculture tank to form carbonic acid (H2CO3) 
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and change its form into Bicarbonate ion (HCO3
-) and carbonate ion (CO3

2-) 

depending on water pH. Dissolved carbon dioxide in water can diffuse to atmosphere 

through water-air interface (Deacon, 1977). Carbon dioxide is also an important 

greenhouse gas that cause global concern such as global warming [39]. Base on 

literature review, carbon dioxide removal via photosynthetic process (e.g., tree 

plantation, microalgal process) is considered as sustainable option as carbon dioxide 

is used to produce biomass and oxygen as well as other valuable byproducts [13]. 

 

2.6 Scenedesmus  

 

 

Figure 2.2. Scenedesmus armatus. 

 

Scenedesmus sp. is single cell or flat colonial microalgae. The colonies mostly 

have two or four cells but occasionally have 8, 16 or 32 cells attached in two or three 

rows.  Scenedesmus are found in various shapes (e.g., crescent, ovoid, spindle-shape, 

cylindrical). Cell wall of Scenedesmus sp. is smooth or granulated, with lateral ridges, 

teeth or spines [40]. Scenedesmus sp. is used to produce high valued products and 

biofuel or used in wastewater treatment [41-43]. Figure 2.2 illustrate the photo of 

microalgal Scenedesmus armatus. 
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2.7 Factors affecting growth of Scenedesmus sp. 

 

2.7.1 Nitrogen 

Scenedesmus sp. can use ammonia, nitrate and urea as nitrogen source for 

growth, but different growth rates were observed depending on types of nitrogen [44, 

45]. Nitrogen concentration is another factor that affects growth of Scenedesmus. The 

effect of nitrogen source and nitrogen concentration on Scenedesmus cultivation are 

summarized in Table 2.4. 

 

Table 2.4. Effect of nitrogen source and nitrogen concentration on the productivity of 

Scenedesmus obliquus FSP-3 when cultivating in 1 L photobioreactor with starter 

biomass of 40 mg/L, air flow rate of 0.4 vvm, 2.5% CO2 v/v and light intensity of 300 

µmol/m2/s light intensity [46]. 

 

Nitrogen source 
Nitrogen concentration  

(mg N/L) 

Biomass productivity  

(mg/L/day) 

Calcium nitrate 

Ca(NO3)2 
112 942.0 ± 14.1 

Ammonium sulfate 

(NH4)2SO4 
112 286.3 ± 6.1 

Urea 

NH2CONH2 
112 477.8 ± 8.4 

Calcium nitrate 

Ca(NO3)2 
224 872.1 ± 10.9 

Calcium nitrate 

Ca(NO3)2 
336 859.1 ± 11.3 

 

2.7.2 Phosphorus 

Scenedesmus sp. can only use phosphorus in the form of orthophosphate 

for growth. Microalgae use three different processes to transform phosphorus into 

high energy organic compounds (i.e., ATP) including phosphorylation at the substrate 

level, oxidative phosphorylation and photophosphorylation. The general reaction for 
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these processes can be represented in equation 2.7. In the first two processes, energy 

comes from either the oxidation of the respiratory substrates or the electron transport 

system of the mitochondria. In the third process, light energy is transformed and 

incorporated into ATP [47]. Phosphate concentration is the only factor affecting 

growth of Scenedesmus as demonstrated in Table 2.5. 

 

ADP + Pi + Energy    ATP    (2.7) 

 

Table 2.5.  Effect of phosphate concentration on biomass productivity of 

Scenedesmus abundans when cultivating with BG-11 growth medium, temperature at 

27 °C, light intensity at 3,000 lux and light/dark cycle of 14:10 hr. [48]. 

 

Phosphate concentration (mg P/L) Biomass productivity (mg/L/day) 

20 39.5 ± 1.6 

40 73.5 ± 1.2 

60 134 ± 1.4 

80 110.5 ± 2.1 

 

2.7.3 Light intensity 

Scenedesmus sp. is photosynthetic organism, which has chloroplasts that 

are able to collect energy from light and synthesize the organic carbon by using 

carbon dioxide as inorganic carbon source. Growth of Scenedesmus sp. is affected by 

light intensity during the cultivation. Photoperiod is another factor that affects the 

growth. Increasing light intensity and exposure time generally results in higher 

growth. However, excessive light intensity may cause photoinhibition and 

consequently decreases growth. [49]. The effect of light intensity and exposure time 

on Scenedesmus sp. cultivation are displayed in Table 2.6. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

18 

 

 Table 2.6.  Effect of light intensity and exposure time on biomass productivity of 

Scenedesmus sp. 

 

Microalgal 

species Medium 
Light intensity/ 

Exposure time 

Productivity 

(mg/L/day) 
Reference 

Scenedesmus 

sp. 

tannery 

wastewater 

(NH3=206 

mg N/L) 

80 µmol/m2/s 

with cycle light/dark 

12:12 hr. 

96.67 

[50] 

140 µmol/m2/s 

with cycle light/dark 

12:12 hr. 

165.11 

200 µmol/m2/s 

with cycle light/dark 

12:12 hr. 

210.52 

Scenedesmus 

abundans 

BG-11 

medium 

(NO3 = 247 

mg N/L) 

3,000 Lux 

with cycle light/dark 

14:10 hr. 

104.5 ± 2.1 

[48] 

4,000 Lux 

with cycle light/dark 

14:10 hr. 

109 ± 1.7 

6,000 Lux 

with cycle light/dark 

14:10 hr. 

119.5 ± 1.3 

 

 

2.8 Related researches 

 

2.8.1 Inorganic nitrogen control by biofloc technology 

There are reports of employing biofloc technology to control inorganic 

nitrogen concentration during aquacultures [6, 30]. Sittplangkoon (2003) [51] 

investigated the ability of biological solids (i.e., bioflocs) in controlling inorganic 
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nitrogen concentration in 500-L tilapia cultivating tanks for 60 days without water 

exchange. The results showed that maintaining suspended solids concentration in the 

range from 200 to 300 mg SS/L was able to control ammonia and nitrite below 1.0 mg 

N/L given tilapia weight in tank was below 11 kg/m3, which corresponded to the 

nitrogen loading from feed at 2.3 mg N/L/day. Separated experiment indicated that 

the rate of ammonium degradation by biological solids from tilapia cultivation was 

14.43 ± 3.45 mg-N/g-SS/day when the initial ammonia concentration was at 1 mg 

N/L [51]. Ammonium degradation rates described earlier were significantly higher 

than those (7.49 ± 0.36 mg-N/g-SS/day at 1 mg N/L) reported by Kunwong (2016) 

[52]. These data indicated that aquaculture system with biofloc technology can 

support nitrogen loading from feed ranged from 1.50 to 4.33 mg N/L/day. 

The solid-liquid separation by filtration or sedimentation is necessary for 

maintaining acceptable solid concentration in recirculating aquaculture system. Nurit 

(2012) [53] employed the upflow solid separator based on gravitational sedimentation 

to obtain solid removal efficiency about 71% to 73% when the upflow volumetric 

flow rate of water were 2,640 L/day. Later work by Kunwong (2016) [52] built the 

filtration system with 100 µm pored size filter subjected to the optimal flow rate of 

3,000 L/day (i.e., 1,000% of total water volume) to obtain the removal efficiency 

about 89%. 

 

2.8.2 Carbon and nitrogen mass balance in recirculating aquaculture system 

The amount of wastes generated from aquaculture can be calculated 

through carbon and nitrogen mass balance. The carbon mass balance analysis from 

the cultivation of Gilthead seabream (Sparus aurata) in the 10 m3 basin with 

wastewater treatment found that approximately 18.3% of carbon in feed was 

converted to fish biomass, 11% to biological sludge while the remaining (63.2%) was 

assumed to be used in respiration by fish and microorganisms in cultivating system 

[54]. Yogev et al. (2017) [12] conducted a super-intensive cultivation African sharp-

tooth catfish (Clarias gariepinus) in 1 m3 fish tank of pilot-scale recirculating 

aquaculture system consisting of 220 L upflow solid filter and 1.84 m3 nitrification 

unit. Fish were fed daily with 45% protein feed at 1% to 2% of total fish weight per 

day. After 147 days of cultivation, the survival rate of 95% and feed conversion ratio 
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of 1.47 were obtained. Results of carbon and nitrogen mass balance calculation found 

that 27% of carbon and 28.4% of nitrogen from fish feed were converted to fish 

biomass; 37% of carbon and 39.2% of nitrogen in feed were converted to organic 

solids; and 36% of carbon from feed were converted to carbon dioxide. Clearly, 

significant amount of carbon in feed was converted to carbon dioxide during 

aquaculture cultivation. For the nitrogen mass balance, Neori et al. (2007) [54] 

indicated that approximately 15.4% of nitrogen in feed was converted to fish biomass 

while 14.3% of nitrogen in feed was converted to organic sludge. Significant fraction 

(70.3%) of nitrogen in feed of was in dissolved inorganic nitrogen (i.e., ammonia, 

nitrite and nitrate) while Yogev et al. (2017) [12] reported that significant amount of 

nitrogen in feed was presented in inorganic nitrogen form and need to be treated, and 

nitrification exerted important role in the treatment process. It was estimated that 

approximately 32.4% of nitrogen in feed were converted to inorganic nitrogenous 

wastes [12]. 

 

2.8.3 Microalgal cultivation with aquatic wastewater 

Using aquatic wastewater for microalgal cultivation is an alternative 

method for reducing inorganic nitrogen and phosphorus from aquaculture effluent. 

The advantage of this approach is gaining microalgal biomass and other valuable 

products. Ansari et al. (2017) [8] investigated the nutrient removal (e.g., nitrogen and 

phosphorus) by cultivating Scenedesmus obliquus, Chlorella sorokiniana and 

Ankistrodesmus falcatus with aquatic wastewater containing ammonia, nitrite, nitrate 

and phosphate concentration at 5.32 ± 0.45 mg N/L, 5.52 ± 0.18 mg N/L, 40.67 ± 0.84 

mg N/L and 8.82 ± 0.02 mg P/L respectively. Microalgae were cultured in 1-L conical 

flask subjected to temperature of 25 °C, light intensity of 120 µmol/m2/s and 

light/dark cycle of 16:8 hours, and found that nitrate and phosphate removal 

efficiencies varied from 75.76% to 80.85% and from 98.52% to 100%, respectively 

for the described microalgal strains. Similar results were obtained by Kuo et al. 

(2016) [55], who reported the cultivation of Chlorella sp. GD with aquatic wastewater 

containing ammonia, nitrate and phosphate at 5.6 ± 0.3 mg N/L, 12 ± 0.6 mg N/L and 

6.8 ± 0.3 mg P/L, respectively. Microalgae were cultured in 1-L photobioreactors for 

7 days under continuous illumination of 300 µmol/m2/s light and 2% CO2 v/v, and 
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found that Chlorella cultivation subjected to 2% CO2 v/v yielded ammonia, nitrate 

and phosphate removal efficiencies of 77%, 83% and 99%, respectively, higher than 

the cultivation using ambient air that resulted in the removal efficiency of ammonia, 

nitrate and phosphate at 61%, 61% and 87%, respectively. In addition, the presence of 

elevated CO2 concentration (i.e., 2% v/v) could enhance biomass productivity of 

Chlorella (i.e., 309 mg/L·day) as compared to only 76 mg/L·day when using ambient 

air. The positive effect of CO2 on growth was also reported for Chlorococcum [56]. 

These results indicated that supplying higher carbon dioxide concentration can 

increase nutrients removal efficiency and biomass productivity. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER III 

MATERIAL AND METHODS 

 

This work was conducted at the Center of Excellence in Marine 

Biotechnology, Department of Marine Science, Faculty of Science, Chulalongkorn 

University. The work was divided into three parts.  The first part evaluated the 

feasibility of using nitrate from nitrifying biofilter used to treat water in commercial 

fish farming. The second part studied the feasibility of using carbon dioxide from 

aquaculture production as carbon source for microalgal cultivation, and the final part 

examined the effects of fish biomass in cultured tank on carbon dioxide and nitrate 

production and their utilization during microalgal cultivation in photobioreactors. 

 

3.1 Feasibility of using high nitrate effluent from nitrifying biofilter of 

commercial aquaculture farm to cultivate microalgae 

 

Freshwater green microalga, Scenedesmus armatus, obtained from the Center 

of Excellence in Marine Biotechnology, Chulalongkorn University, was selected as 

model microalgal species. Inoculation was prepared by mixing 100 mL of cultured 

samples with 900 mL of sterilized BG-11 media in 1-L photobioreactors (i.e., Duran 

bottle) [57]. Starting cell number density was 1.0  105 cells/mL. The cultivation was 

carried out at 25 C with continuous lighting at 5,500 lux using white LEDs. Sterile 

air, obtained by passing ambient air through filter cartridge with average pore size of 

0.45 m, was supplied at 0.8 L/min. The source of nitrate was the effluent from 

nitrifying biofilter tank used for treating water from fish recirculating system of 

commercial tilapia farm (PC Farm, Chachoengsao Province, Thailand). Nitrate 

concentration in water samples were approximately 25 mg N/L at the time of 

collection. Two treatments were conducted. The first treatment was the batch 

cultivation of  

S. armatus in 1-L Duran bottle using nitrifying biofilter effluent, whereas the second 

treatment was the cultivation using BG-11 growth media. The cultivation proceeded 

until the stationary phase was established. Cultured samples (15 mL) from Duran 
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bottles were obtained daily and analyzed for cell number density, microalgal biomass, 

concentration of nitrate and phosphate. Contents of chlorophyll, total carotenoids, 

lutein, beta-carotene and astaxanthin from biomass samples on the final day of 

cultivation were also determined. Fig. 3.1 illustrates the facility at PC Farm, 

Chachoengsao Province, Thailand, and the cultivation of S. armatus in Duran bottles 

using nitrate from nitrifying biofilter effluent of commercial fish farm. 

 

 

 

Figure 3.1. (A) Fish recirculating system of commercial tilapia farm at PC Farm, 

Chachoengsao Province, Thailand (B) Cultivation of Scenedesmus armatus in 1-L 

Duran bottles using high nitrate water from nitrifying biofilter of commercial fish 

farm. 

 

 

3.2 Description of recirculating aquaculture system and microalgal cultivation 

 

Recirculating aquaculture system and microalgal cultivation consisted of three 

units, namely (1) fish tank (FT), (2) solid separating unit (SU) and (3) microalgal 

cultivation in photobioreactors (MC). As illustrated in Fig. 3.2, water from fish tank 

was siphoned to the first chamber of solid separating unit, where suspended solids 

were retained inside by stainless steel screen with average pored size 150 µm. The 

first chamber was continuously aerated using air diffuser, which was located adjacent 

to stainless screen, to maintain aerobic condition. This also induced the vertical liquid 

flow over the stainless screen that reduced the rate of solids accumulation on stainless 

screen. Given the appropriate operating condition, complete oxidation of ammonia to 
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nitrate (i.e., nitrification) occurred in the first chamber. Additional solid filtration and 

oxygenation took place in the second chamber. Water containing high nitrate 

concentration as a result of nitrification from the solid separating unit could be 

returned to fish tank or directed to photobioreactors for microalgal cultivation. Carbon 

dioxide from the headspace of fish tank and solid separating unit were directed to the 

external air chamber that was equipped with carbon dioxide meter (Extech CO210) 

and electric fan inside, and subsequently pumped into photobioreactors for microalgal 

cultivation. Carbon dioxide utilization via photosynthesis and nitrate removal by 

microalgae led to cell growth and higher oxygen concentration in outlet air from 

photobioreactors.  Fig. 3.3 and 3.4 illustrates the direction of air and liquid flow in 

recirculating aquaculture system and microalgal cultivation, respectively. 

 

 

Figure 3.2. Schematic diagram of the integrated recirculating aquaculture system and 

microalgal cultivation 
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Figure 3.3. Air flow direction in the integrated recirculating aquaculture system and 

microalgal cultivation 

 

 

Figure 3.4. Water flow direction in the integrated recirculating aquaculture system 

and microalgal cultivation 
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3.2.1 Fish tank (FT) 

Fish tank, used for aquaculture cultivation, was the rectangular glass tank 

(i.e., length 60 cm, width 30 cm and height 45 cm), which was entirely covered on top 

by PVC flange lid. The total working volume of the tank was 54 L. PVC lid was cut 

to make the rectangular hole, which was used to accommodate plastic box (i.e., width 

34.5 cm; length 24.5 cm and height 15 cm) with plastic lid. Inside this plastic box, 

small heater was installed to maintain constant temperature. Air inlet and outlet ports 

were inserted through PVC lid by drilling two small openings (i.e., diameter 0.5 cm). 

PVC lid was also used to house PVC water pipe (i.e., inner diameter 0.5 inch) for 

siphoning water from fish tank to subsequent unit operations. 

 

3.2.2 Solid separating unit (SU) 

Solid separating unit was constructed from transparent rectangular acrylic 

tank (i.e., length 62.4 cm; width 31 cm; height 71 cm), which was divided into two 

chambers by plastic baffle, resulting in working volume of 27 L for each chamber. 

The baffle was cut to make the square opening (i.e., width 25 cm and length 25 cm), 

which was covered by stainless steel screen with average pored size of 150 µm. Air 

diffuser was placed adjacent to baffle to provide oxygen and create vertical liquid 

flow over screen surface.  The bottom of both chambers was built as inverted pyramid 

to facilitate solid sedimentation and discharge through draining valves. The second 

chamber was installed with additional filters (i.e., stainless screen with average pored 

size of 100 µm), which were folded into cylindrical shape and connected to draining 

valve. Air diffuser in the second chamber was placed near the filter to provide 

additional oxygen for water before it was recycled to fish tank.  Both chambers ware 

covered with PVC plates. 

 

3.2.3 Microalgal Cultivation (MC) 

Microalgal cultivation was set up to utilize carbon dioxide from fish tank 

and nitrate from solid separating unit. Microalgal cultivation consisted of reservoir 

and 1-L bubble column photobioreactors. The plastic caps of photobioreactors were 

modified to accommodate air inlet and air outlet tubes and liquid sampling tube. 

Reservoir bottle (i.e., 5-L beaker) was used for temporary water storage before 
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passing water through filtration before entering photobioreactors. Inlet air tube was 

connected to air chamber, which received air containing elevated carbon dioxide 

concentration from the headspace of fish tank. White LED lamps were used to 

provide illumination at during microalgal cultivation. Fig. 3.5 illustrates the actual 

photo of photobioreactors for microalgal cultivation. 

 

 

 

Figure 3.5. Recirculating aquaculture system (left) and microalgal cultivation (right) 

 

3.3 Carbon dioxide production from fish tank and carbon dioxide utilization 

for microalgal cultivation 

 

3.3.1 Carbon dioxide production from fish tank 

This experiment investigated the production of carbon dioxide from 

aquaculture. Nile tilapia (Oreochromis niloticus) with average weight of 34.36 g/fish 

were released into fish tank to acclimate under new environment for 2 to 5 days 

before starting the experiment. The initial fish biomass in tank at the start of 

cultivation was about 3 kg/m3. Tilapia were fed daily with 15% protein commercial 

feed pellets at the rate of 3% of total fish weight per day. Dissolved oxygen (DO) 

concentration in fish tank were maintained above 5.0 mg/L by continuous aeration at 

2.4 L/min while the temperature was maintained above 28 C by using heater. 

Alkalinity and pH of water were kept within the range from 100 to 300 mg CaCO3/L 

and from 7.5 to 8.5, respectively, by adding NaHCO3 periodically. Tilapia cultivation 

FT SU MC



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

28 

 

without water exchange was carried out for 8 days to minimize the effect of fish 

gaining weight. The solid separating unit was also operated during tilapia cultivation 

to control ammonia and nitrite concentration within the acceptable level of 1.0 mg 

N/L. Continuous aeration was provided in the solid separating unit at 10 L/min to 

maintain well mixed condition and aerobic environment suitable for nitrification.  

Constant liquid flow rate between fish tank and solid separating unit was maintained 

at 4,500 L/day throughout fish cultivation. Carbon dioxide concentration from inlet 

air to fish tank was measured twice daily before and after fish feeding while carbon 

dioxide concentration in outlet air from fish tank and solid separating unit were 

measured every hour using carbon dioxide meter (Extech CO-210). Water samples 

(15 mL) from fish tank and solid separating unit were collected every 2 days and 

analyzed for the concentration of ammonia, nitrite, nitrate pH and total alkalinity. 

Tilapia weight and length were also measured at the start and the end of fish 

cultivation. Two rounds of tilapia cultivation were carried out in this experiment. 

 

3.3.2 Carbon dioxide utilization by microalgae 

Inoculation of microalgae as described in section 3.1 was performed under 

high carbon dioxide concentration at 2% v/v prior to the fish cultivation in this 

section.  Cultured samples of S. armatus were combined with sterile BG-11 growth 

media in bubble column photobioreactors (i.e., inner diameter 6.7 cm and height 35 

cm), which were continuously illuminated with white light at 10,000 lux using LEDs. 

Starting cell number density was 1 × 105 cells/mL. Microalgal cultivation in bubble 

column photobioreactors and tilapia cultivation started on the same day and 

proceeded for 8 days. Four treatments (n = 3 for each treatment) were considered for 

microalgal cultivation. The first treatment (C) was the cultivation using ambient air 

and BG-11 media while the second treatment (T1) was cultivation using outlet air 

from fish tank and BG-11 media. Microalgal cultivation in the third treatment (T2) 

was supplied with ambient air and BG-11 media without Na2CO3 addition, and finally 

the fourth treatment (T3) was supplied with outlet air from fish tank and BG-11 media 

without Na2CO3 addition. Cultured samples (15 mL) from each treatment were 

obtained daily and analyzed for cell number density, cell dried weight and 

concentration of nitrate and phosphate. Cultured samples (10 mL) also were obtained 
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on the final day of cultivation from photobioreactors and analyzed for chlorophyll, 

total carotenoids, lutein, astaxanthin and beta-carotenoid. Fig. 3.6 illustrates graphical 

details of experimental set up for section 3.3.1 and 3.3.2. 

 

 

Figure 3.6.  Graphical details of the experimental setup for experiment in section 

3.3.1 and 3.3.2 

 

3.4 Effects of fish biomass on carbon dioxide production and utilization of 

carbon dioxide and nitrate from recirculating aquaculture system for microalgal 

cultivation  

 

This section studied the effects of varying fish biomass in fish tank on the 

production of carbon dioxide and nitrate, which were subsequently used for 

microalgal cultivation in photobioreactors. Fish biomass at 3, 5 and 10 kg/m3 were 

considered in this experiment. Tilapia were acclimated in fish tank for 2 to 5 days 

before starting the experiment. Fish cultivation lasted only 8 days to maintain 

relatively constant fish biomass. Tilapia were fed daily with 15% protein commercial 

feed pellets at the rate of 3% of total fish weight per day. The recirculating 
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aquaculture system, consisting of fish tank and solid separating unit as nitrifying unit, 

was operated in continuous mode. DO concentration in fish tank and solid separating 

unit were maintained above 5.0 mg/L to ensure suitable condition for tilapia and 

nitrification. Alkalinity and pH of water in the system were kept within the range 

from 120 to 180 mg CaCO3/L and 7 to 8.5 by periodic addition of NaHCO3. 

Suspended solid concentration in the first chamber of solid separating was controlled 

between 150 and 400 mg SS/L to ensure effective nitrification for the given fish 

biomass considered [51].   

The experiment started when the recirculating aquaculture system reached 

mature state as indicated by the occurrence of complete nitrification (i.e., low 

ammonia and nitrite concentration and increasing nitrate concentration). At this point, 

effluent (900 mL) containing high nitrate concentration from the solid separating unit 

was transferred to 1-L bubble column (i.e., inner diameter 6.7 cm and height 35 cm) 

photobioreactors and mixed with cell cultures (100 mL) of S. armatus. Inoculation of 

S. armatus was carried out under high carbon dioxide environment at 2% v/v and light 

intensity of 10,000 lux. Starting cell number density in bubble column 

photobioreactor were 1.0 × 105 cells/mL. Two treatments (n = 3 for each treatment) of 

microalgal cultivation were considered for a given fish biomass. The first treatment 

was microalgal cultivation using ambient air while the second treatment was the 

cultivation using outlet air from fish tank. Fig. 3.7 illustrates the graphical detail of 

experimental set up for this section and Table 3.1 shows the frequency sample 

collection and analytical techniques used in this experiment.  

On the last day of the experiment associated with 10 kg/m3 fish biomass, 

samples of inlet air of fish tank, outlet air of fish tank, outlet air of solid separating 

unit and outlet air of photobioreactors for both treatments were collected using air 

sampling bag and subsequently analyzed for carbon dioxide concentration using gas 

chromatography. Condition of gas chromatography is available in Appendix G. All 

tilapia in tank were measured for weight and length. Five tilapias were put to death by 

rapid cooling method [58], and put in temperature-controlled oven at  

105 C for at least 24 h to determine dried weight. For each fish biomass, 

approximately 3 g of dried tilapia biomass, dried fish feed, suspended solids from 

solid separating unit, and dried biomass of S. armatus were analyzed for carbon and 
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nitrogen contents using CHNS/O analyzer (Perkin-Elmer 2400 Series) to obtain data 

to be used during carbon and nitrogen mass balance calculation. 

 

 

Figure 3.7. Graphical details of experimental setup for section 3.4 
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Table 3.1.  Summary of parameters measured during the experiment in section 3.4 

Sample Sample 

size 

Analyzed parameters Frequency 

Nile tilapia - Fish weight 

Fish length 

At the start and the 

end of fish 

cultivation 

Water from fish tank 15 mL Total suspended solids 

TAN concentration 

NO2
- concentration 

NO3
- concentration 

pH, DO, temperature 

Total alkalinity 

Every 2 days 

Water from the 1st 

chamber of solid 

separating unit 

15 mL Total suspended solids 

pH, DO, temperature 

 

Every 2 days 

Water from the 2nd 

chamber of solid 

separating unit 

15 mL Total suspended solids 

TAN concentration 

NO2
- concentration 

NO3
- concentration 

pH, DO, temperature 

Total alkalinity 

Every 2 days 

Microalgal cultures 

from photobioreactors 

1 mL Cell number density Everyday 

Microalgal cultures 

from photobioreactors 

15 mL Microalgal biomass 

TAN concentration 

NO2
- concentration 

NO3
- concentration 

PO4
3- concentration 

pH, DO, temperature 

Total alkalinity 

 

Every 2 days 

(TAN and NO2
- 

analyzed at the 

start and the end of 

the microalgal 

cultivation) 
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Sample Sample 

size 

Analyzed parameters Frequency 

Inlet air of fish tank 

 

2.4 L/min  CO2 concentration 

measuring by 

carbon dioxide meter 

(Extech CO-210) 

Twice a day before 

and after fish 

feeding Inlet air of solid 

separating unit 

 

10 L/min 

Outlet air of fish tank 

outlet (i.e., inlet air to 

microalgal cultivation) 

2.4 L/min CO2 concentration 

measuring by 

carbon dioxide meter 

(Extech CO-210) 

Every hour 

Outlet air of solid 

separating unit 

10 L/min CO2 concentration 

measuring by 

carbon dioxide meter 

(Extech CO-210) 

Twice a day before 

and after fish 

feeding 

Outlet air of 

microalgal cultivation  

2.4 L/min CO2 concentration 

measuring by 

carbon dioxide meter 

(Extech CO-210) 

Twice a day before 

and after fish 

feeding 

 

 

3.5 Carbon and nitrogen mass balance in recirculating aquaculture system 

calculation 

 

Carbon and nitrogen mass balance calculation shows the distribution of carbon 

and nitrogen input to the recirculating aquaculture system into different forms namely 

suspended solids, fish biomass, dissolved inorganic carbon and carbon dioxide. The 

percentage of carbon in tilapia, suspended solids, feed and microalgal biomass from 

CHN analysis are displayed in Table 3.2. The amount of carbon and nitrogen in 

different forms can be calculated according to the following equations. 
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Table 3.2.  Carbon and nitrogen contents in feed, fish biomass, suspended solids and 

microalgal biomass 

Sources % carbon % nitrogen Reference 

Nile tilapia 49.90 6.76 Appendix G 

Suspended solids 29.73 3.14 Appendix G 

Feed 41.68 2.97 Appendix G 

S. armatus 47.87 8.11 Appendix G 

 

Mass of carbon in feed ( FC ). The mass of carbon can be calculated according 

to equation 3.1 

 

F F CFC T f=        (3.1) 

 

where FC  is the mass of carbon in feed (g C); FT  is mass of feed supplied in fish tank 

(g); and CFf  is the fraction of carbon in feed as shown in Table 3.2 (i.e., 0.4168). 

  

 Mass of carbon in fish ( NC ). The mass of carbon in Nile tilapia can be 

calculated according to equation 3.2 

 

N N CNC T f=        (3.2) 

 

where NC  is the mass of carbon in Nile tilapia (g C); 
NT  is the total fish dried weight 

(g); and CNf  is the fraction of carbon in fish as shown in Table 3.2 (i.e., 0.4990). 

 

 Mass of carbon in suspended solids ( SC ). The mass carbon in suspended 

solids can be calculated according to equation 3.3 

 

S S CSC T f=        (3.3) 
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where SC  is the mass of carbon in suspended solids (g C) and ST  is the total suspended 

solids (g); and 
CSf  is the fraction of carbon in suspended solids as shown in Table 3.2 

(i.e., 0.2973). The total suspended solid ( ST ) can be calculated using equation 3.4 

 

1 2( 54) ( 27) ( 27)

1,000

F S S
S

SS SS SS
T

 +  + 
=   (3.4) 

 

where ST  is the total suspended solid (g); 
FSS  is suspended solid concentration in fish 

tank (mg SS/L); 1SSS  is suspended solid concentration in the first chamber of solid 

separating unit (mg SS/L); and 2SSS  is suspended solid concentration in the second 

chamber of solid separating unit (mg/L).  

 

 Mass of carbon in air stream ( AC ). Mass of carbon in air stream input can be 

calculated according to equation 3.5 

 

( 2 2 )A F S CCC TCO TCO f= +     (3.5) 

 

where AC  is the mass of carbon in air stream input (g C); 2FTCO  is the mass of 

carbon dioxide from inlet / outlet of fish tank (g), which can be calculated according 

to the procedure in Appendix C; 2STCO is the mass of carbon dioxide from inlet / 

outlet of solid separating unit (g), which can be calculated according to the procedure 

in Appendix C; and CCf  is the fraction of carbon in carbon dioxide (i.e., 0.2729).  

 

 Mass of inorganic carbon dissolved in water ( DC ).  Mass of carbon dissolved 

in water can be calculated according to equation 3.6 

 

( ) 54

1,000

F S CC
D

DC DC f
C

+  
=    (3.6)  
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where DC  is the mass of inorganic carbon dissolved in water (g C); 
FDC  is the mass 

of inorganic carbon dissolved in water in fish tank (mg CO2/L); SDC  is the mass of 

inorganic carbon dissolved in water in solid separating unit (mg CO2/L); and CCf  is 

the fraction of carbon in carbon dioxide (i.e., 0.2729). 

  

 Mass of nitrogen in feed (
FN ).  The mass of nitrogen in feed can be 

calculated according to equation 3.7 

 

F F NFN T f=        (3.7) 

 

where 
FN  is the mass of nitrogen in feed (g N); FT  is the mass of feed supplied (g); 

and NFf  is the fraction of nitrogen in feed as shown in Table 3.2 (i.e., 0.0297) 

 

 Mass of nitrogen in fish (
NN ). The mass of nitrogen in Nile tilapia can be 

calculated according to equation 3.8 

 

N N NNN T f=        (3.8) 

 

where 
NN  is the mass nitrogen in Nile tilapia (g N); 

NT  is total fish dried weight (g); 

and NNf  is the fraction of nitrogen in fish as shown in Table 3.2 (i.e., 0.0679). 

 

 Mass of nitrogen in suspended solid ( SN ).  The mass of nitrogen in suspended 

solid can be calculated according to equation 3.9 

 

S S NSN T f=        (3.9) 

 

where SN  is the mass of nitrogen in suspended solid (g N); ST  is the total suspended 

solid, which can be calculated using equation 3.4; and 
NSf  is the fraction of nitrogen 

in suspended solid as shown in Table 3.2 (i.e., 0.2973). 
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 Mass of inorganic nitrogen dissolved in water (
DN ). The mass of inorganic 

nitrogen dissolved in water can be calculated according to equation 3.10 

 

( 2 3 2 3 ) 54

1,000

F F F S S S
D

TAN NO NO TAN NO NO
N

+ + + + + 
=  (3.10) 

 

where 
DN  is the mass of inorganic nitrogen dissolved in water (g N); FTAN  is total 

ammonia nitrogen concentration in fish tank (mg N/L); 
STAN  is total ammonia 

nitrogen concentration in solid separating unit mg N/L); 2FNO  is nitrite 

concentration in fish tank (mg N/L);  2SNO  is nitrite concentration in solid separating 

unit (mg N/L); 3FNO  is nitrate concentration in fish tank (mg N/L); and 3SNO  is nitrate 

concentration in solid separating unit (mg N/L). Equation 3.10 assumes that well 

mixed condition is established in recirculating aquaculture system so that the 

difference of TAN, nitrite and nitrate concentration between fish tank and solid 

separating unit was negligible. 

  

 

3.6 Carbon mass balance and nitrogen mass balance in microalgal cultivating 

system calculation 

 

Carbon and nitrogen mass balance calculation in microalgal cultivating system 

displays the distribution of input carbon (e.g., carbon dioxide) and nitrogen from feed 

into different forms namely microalgal biomass, dissolved inorganic carbon and 

nitrogen, and gases such as carbon dioxide and nitrogen gas. The amount of carbon 

and nitrogen in different forms during microalgal cultivation can be calculated 

according to the following equations. 

 

Mass of carbon in microalgal biomass (CB). The mass of carbon in microalgal 

biomass can be calculated according to equation 3.11 
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1,000

CB
B

B V f
C

 
=      (3.11) 

 

where BC  is the mass of carbon in microalgal biomass (g C); B  is biomass 

concentration (mg/L); V  is the total working volume of photobioreactor (L); 
CBf  is 

the fraction of carbon in microalgal biomass as shown in Table 3.2 (i.e., 0.4787). 

 

 Mass of inorganic carbon dissolved in water (
DCC ). The mass of inorganic 

carbon dissolved in water can be calculated according to equation 3.12 

 

1,000

M CC
DC

DC V f
C

 
=      (3.12) 

 

where 
DCC  is the mass of inorganic carbon dissolved in water (g C); MDC  is 

dissolved inorganic carbon concentration (mg CO2/L), which can be calculated using 

Appendix C;  V  is the total working volume of photobioreactor (L); CCf  is the 

fraction of carbon in carbon dioxide (i.e., 0.2729). 

 

 Mass of carbon in air stream ( CC ). The mass of carbon in air stream 

containing carbon dioxide can be calculated according to equation 3.13 

 

2C M CCC TCO f=      (3.13) 

 

where CC  is the mass of carbon in air stream (g C); 2MTCO  is the mass carbon 

dioxide in air stream (g CO2), which can be determined using procedure in Appendix 

C; and CCf  is the fraction of carbon in carbon dioxide (i.e., 0.2729). 

 

 Mass of nitrogen in microalgal biomass (
BN ). The mass of nitrogen in 

microalgal biomass can be calculated according to equation 3.14 
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1,000

NB
B

B V f
N

 
=      (3.14)  

 

where 
BN  is the mass of nitrogen in microalgal biomass (g N); B  is microalgal 

biomass concentration (mg/L); V  is the total working volume of photobioreactor (L); 

and 
NBf  is the fraction of nitrogen in microalgal biomass as shown in Table 3.2 (i.e., 

0.0811). 

 

Mass of inorganic nitrogen dissolved in water ( DNN ). The mass of 

inorganic nitrogen dissolved in water can be calculated according to equation 3.15 

 

( 2 3)

1,000
DN

TAN NO NO V
N

+ + 
=    (3.15)  

 

where DNN  is the mass of inorganic nitrogen dissolved in water (g N); TAN  is total 

ammonia nitrogen concentration in photobioreactor (mg N/L); 2NO  is nitrite 

concentration in photobioreactor (mg N/L); 3NO  nitrate concentration in 

photobioreactor (mg N/L); and V  is total working volume of photobioreactor (L). 

 

 

3.7 Analytical techniques 

 

All fish were measured their total length with caliper and weight with 1-digit 

scientific balance (Fig 3.8) at the beginning and the end of tilapia cultivation. Fish 

biomass (FB) or average weight (AFW), average fish length (AFL), average fish daily 

weight gain (DWG), survival ratio, and feed conversion ratio (FCR) were calculated 

using equations 3.16 to 3.21. 
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Figure 3.8 Measurement of tilapia’s weight (Left) and tilapia total length 

(Right)  
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Where FB is Fish biomass (kg/m3), TFW is Total fish lived weight (g), V is Total 

working volume in fish tank (L), n is Number of fish (g), AFW  is Average fish lived 

weight (g), AFL  is Average fish total length (cm), TFL  is Total fish length (cm), 

DWG  is Average daily weight gained (g/day), D  is Cultivating time (days), %SR  is 
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Fish survival rate (%), In  is Initial number of fish, 
Fn  is Final number of fish, FCR  

is Feed conversion ratio and FTI is Total feed input (g) 

Cell number density, determined by counting cells with haemacytometer under 

microscope, was used to calculate the specific growth rate of microalgae according to 

the equation  = (lnN1 – lnN2)/(t2 – t1) where µ is the specific growth rate (d-1) and N1 

and N2 are cell number density at time t1 and t2, respectively. Cell growth was also 

followed by using cell dried weight (i.e. biomass concentration), which was analyzed 

following the procedure for total suspended solids analysis [59]. Cell dried weight 

concentration were used to calculate biomass productivity for the batch cultivation 

according to P = (B2 – B1) / (t2 – t1), where P is the biomass productivity for batch 

cultivation (mg/L·d); and B1 and B2 are biomass concentration (mg/L) at time t1 and 

t2, respectively. 

Nitrate concentration, measured by a spectrophotometer, based on the UV 

screening method, was carried out by passing cultured samples through a Whatmann 

GF/C filter and measuring light absorption at 220 and 275 nm [59]. Ammonia and 

nitrite were quantified using spectrophotometer by measuring the light absorbance at 

660 nm for ammonia based on Salicylate–Hypochlorite method and at 543 nm for 

nitrite based on colorimetric method [59, 60]. Analysis of phosphate concentration 

measured the light absorbance at 885 nm according to the ascorbic acid method [59]. 

Chlorophyll and carotenoids were measured according to Strickland and Parson by 

separating cell biomass from liquid by centrifugation, and followed by acetone 

extraction [61]. The clear liquid obtained was subjected to light absorption at 480 nm 

for carotenoids and from 630 to 665 nm for chlorophyll.  Concentrations of 

chlorophyll and carotenoids were calculated according to Equation 3.22 and 3.23 as 

follows: 

 

 A  = (11.6E665 – 1.31E645 – 0.014E630) × (Va/Vb)  (3.22) 

B  = 4 × (E480) × (Va/Vb)      (3.23) 

 

where A is chlorophyll concentration in mg/L, B is carotenoids concentration in mg/L, 

E480 is light absorbance at 480 nm, E630 is light absorbance at 630 nm, E645 is light 
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absorbance at 645 nm, and E665 is light absorbance at 665 nm, Va is volume of solvent 

that was used for extraction, Vb is volume of sample that was extracted. Carotenoid 

composition of biomass were identified by HPLC equipped with photo-diode array 

detector based on comparing their retention time and UV spectrums from standards. 

Extracted carotenoid samples (20 µL) were injected into C18 column, which was 

operated under the following condition: mixture of acetonitrile (79.9% v/v), 

dichloromethane (10% v/v), ethanol (10% v/v) and water (0.1% v/v) as mobile phase 

and flow rate of mobile phase at 1.0 mL min-1. Light intensity was measured by 

Digicon-LX lux meter. Carbon dioxide concentration (ppm) were measured using 

Carbon dioxide meter (Extech CO-210). Total alkalinity was analyzed base on 

titration method (APHA, 2005). Dissolved carbon dioxide and dissolved inorganic 

carbon were obtained from total alkalinity and pH with carbon dioxide and forms of 

alkalinity by calculation (APHA, 2005). Experimental data were statistically tested by 

using one-way ANOVA and performing Tukey HSD post-hoc test with the 

significance level of 0.05 [62]. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER IV 

RESULTS AND DISCUSSION 

 

4.1 Feasibility of using high nitrate water from nitrifying biofilter of 

commercial aquaculture farm to cultivate microalgae 

 

4.1.1 Effluent qualities 

Nitrifying biofilter was used to treat water from tilapia cultivating tank, 

producing the effluent containing nitrate and other compounds as shown in Table 4.1. 

Nitrate (25.6 mg N/L) was the major inorganic nitrogen compound in the effluent at 

time of collection as compared to nitrite and ammonia. Small amounts of phosphate 

and suspended solids were also detected. Previous works reported that nitrate less 

than 15 mg N/L was able to support growth of several freshwater green microalgae 

including Scenedesmus [63, 64], and thus the effluent from nitrifying biofilter in this 

experiment should be able to support growth of S. armatus. 

 

Table 4.1.Effluent qualities from nitrifying biofilter of commercial tilapia farm. 

 

Parameter Concentration 

Total ammonia nitrogen 0.01 mg N/L 

Nitrite 0.004 mg N/L 

Nitrate 25.6 mg N/L 

Phosphate  0.519 mg P/L 

Total suspended solids 11 mg SS/L 

Alkalinity 220 mg CaCO3/L 

 

4.1.2 Growth of Scenedesmus armatus and nutrient utilization 

Results of batch cultivation of S. armatus using nitrifying biofilter effluent 

and BG-11 growth media are demonstrated in Fig 4.1A. The maximum specific 

growth rate of microalgae from the cultivation using nitrifying biofilter effluent was 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

44 

 

1.55      day-1, which was approximately 1.75 folds higher than that using BG-11 

media. The maximum cell number density subjected to nitrifying biofilter effluent and 

BG-11 growth media were 6.49  106 cells/mL on day 7 and 6.04  106 cells/mL on 

day 9, respectively, which were statistically insignificant difference (p > 0.05) 

because as both cultures already attained the stationary phase. Nitrogen to 

phosphorous ratio of nitrifying biofilter effluent ranged from 22.9 to 463.7 during the 

growth phase and were greater than the stoichiometric ratio of nitrogen to phosphorus 

for microalgal biomass that was determined at 16 [29, 65]. This finding explained 

why nitrifying biofilter effluent could support the growth of S. armatus as compared 

to the standard BG-11 growth media. Moreover, nitrogen to phosphorus ratio of 

nitrifying biofilter effluent decreased below the stoichiometric ratio since day 7. This 

suggested phosphorus limitation in the cultivating system and might explain an early 

establishment of stationary phase in this case. 

The final biomass for the cultivation using BG-11 growth media were 675 

mg/L (Fig. 4.1B). This corresponded to the average productivity over 9-days period of 

71.7 mg/L·day. The biomass productivity obtained was slightly higher than that 

subjected to nitrifying biofilter effluent that reported the final biomass concentration 

and productivity over the same period at 664 mg/L and 73.0 mg/L·day, respectively. 

Based on the results presented, the cultivation of S. armatus using the effluent from 

nitrifying biofilter yielded similar growth performance, measured in terms of cell 

number density and biomass production, as compared to the cultivation using more 

expensive BG-11 growth media, and therefore could be substituted as low cost media 

to reduce operating expense during the future cultivation.   

Batch cultivation of S. armatus using nitrifying biofilter effluent indicated 

that microalgal growth was accompanied by the reduction of nitrate concentration 

from 25.59 to 3.01 mg N/L (i.e., 88% reduction) (Fig. 4.2A). In contrast, batch 

cultivation using BG-11 growth media utilized more nitrate that led to 230 mg N/L of 

nitrate remaining at the end of cultivation (Fig. 4.2A). Significant amount of nitrate 

remaining in BG-11 growth media implied that the initial amount of nitrate was 

excessive for growth, and therefore needed to be optimized or recycled to avoid 

unnecessary wasting through effluent discharge. By comparing the results obtained 

with those from previous works, it was apparent that the level of nitrate affected the 
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extent of nitrate utilization by microalgae, for examples, Ansari et al. (2017) [8] 

reported the cultivation of  

S. obliquus using aquaculture effluent containing 41 mg N/L of nitrate that yielded the 

final biomass productivity of 89.61 mg /L·day and reduced approximately 78% of 

nitrate at the end of 14-day cultivation. Subsequent work by Habibi et al. (2018) [66] 

reported that the cultivation of Scenedesmus sp. using the effluent containing 100 mg 

N/L of nitrate yielded the average biomass productivity of 161.11 mg /L·day and was 

able to decrease nitrate concentration in the effluent as high as 78%. The cultivation 

using nitrifying biofilter effluent decreased phosphate from 0.52 to 0.29 mg P/L (i.e., 

44% reduction) while the cultivation using BG-11 growth media was able to utilize 

more phosphate available in the media, hence decreasing phosphate concentration 

from 4.96 to 2.24 mg P/L (i.e., 55% reduction) (Fig. 4.2B). Although phosphate is 

considered as an important macronutrient for microalgae, results from previous works 

appeared to overlook its importance as compared to nitrate [67]. In conclusion, by 

considering the growth data and nitrate consumption, it can be concluded that 

nitrifying biofilter effluent could be employed as low-cost growth media for the 

cultivation of S. armatus.  

 

4.1.3 Pigment content of Scenedesmus armatus 

Microalgal cultivation using BG-11 growth media yielded higher pigment 

contents than the cultivation using nitrifying biofilter effluent although the statistical 

test revealed their magnitudes were insignificantly different (p > 0.05) between 

growth media used (Table 4.2). Results of pigment analysis concurred with earlier 

observation that nitrifying biofilter effluent could substitute BG-11 media for the 

cultivation of S. armatus. In this experiment, lutein was a major carotenoid in 

biomass, accounting for 36.25% to 40.15% of total carotenoids, yet significant 

fraction ranged from 41.75% to 48.65% remained unidentified while another 

unidentified peak accounted for 11.2% to 22% of total carotenoids available.  It 

should be pointed out that lutein contents obtained in this experiment were lower than 

those reported in literature, which already optimized the production strategies, for 

examples by screening suitable strains or adjusting environmental parameters such as 

light intensity, photo-period, nitrogen availability and salinity [46, 68].   
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Figure 4.1. (A) Cell number density and (B) Microalgal biomass concentration of 

Scenedesmus armatus during the batch cultivation using BG-11 growth media and 

effluent from nitrifying biofilter. 
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Figure 4.2. (A) Nitrate and (B) phosphate concentration during the batch 

cultivation of Scenedesmus armatus using BG-11 media and effluent from 

nitrifying biofilter 
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Table 4.2. Pigment contents in biomass of Scenedesmus armatus at the end of batch 

cultivation using BG-11 and nitrifying biofilter effluent as growth media. 

 

Pigments 

Growth media 

BG-11 Nitrifying biofilter effluent 

Chlorophyll a (mg/g) 16.72 ± 7.40a 10.52 ± 6.06a 

Total carotenoids (mg/g) 3.96 ± 1.00a 3.09 ± 2.00a 

Lutein (mg/g) 1.59 ± 0.62a (40.15%) 1.12 ± 0.71a (36.25%) 

Beta-carotene  ND ND 

Astaxanthin ND ND 

Unidentified carotenoid 1 48.65%  41.75% 

Unidentified carotenoid 2 11.20%  22% 

Different letters within the same row indicate statistically significant difference (p < 0.05) 

ND, non-detectable  

 

4.2 Feasibility of using carbon dioxide from recirculating aquaculture system 

for microalgal cultivation 

 

4.2.1 Carbon dioxide production from aquaculture tank 

Tilapia was released into rectangular fish tank (54 L working volume) to 

obtain the initial biomass about 3.09 kg/m3. During tilapia cultivation, the average 

carbon dioxide concentration from tank inlet (i.e., ambient air) were 566 ± 13.9 ppm 

(1,019 ± 25.1 mg/m3) and increased to 935 ± 93.4 ppm (1,683 ± 168.1 mg/m3) in tank 

headspace and outlet air (Fig. 4.3). The obtained carbon dioxide concentration in fish 

tank headspace (i.e., 935 ± 93.4 ppm) was used to calculate the maximum carbon 

dioxide solubility based on Henry’s law [69]. However, by using pH and alkalinity 

data, carbon dioxide concentration in water was oversaturated at 3.6 × 10-5 mol/L, 

thus leading to carbon dioxide diffusion across the interface into headspace region. 

Increasing carbon dioxide in headspace and outlet was related to fish respiration and, 

to lesser extent, from microorganism in tank [70]. Detail examination of carbon 

dioxide profile from fish tank outlet revealed that carbon dioxide concentration 
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fluctuated with time and seemed to be influenced by fish feeding (Fig. 4.4). Carbon 

dioxide concentration peaked after tilapia was fed and decreased gradually from the 

peak back to the starting level within 24-hour period. Thus, the amount of carbon 

dioxide gained after feeding can be estimated from under peak area (i.e. black color 

area) while the baseline production by fish respiration was the difference between 

values before feeding and ambient carbon dioxide concentration (i.e., dark gray area). 

As illustrated in Fig. 4.4, the excessed carbon dioxide from feeding process during the 

8-day period were 3.33 and 4.92 g for the first and second trials, respectively, while 

carbon dioxide production by basic respiration were 15.24 g for the first cultivation 

and 12.03 g for the second cultivation. Therefore, on average, the rate of excessed 

carbon dioxide production as a result of feeding and that from basic fish respiration 

were calculated at 106.65 and 351.89 g CO2/daykg-feed, respectively, leading to the 

total carbon dioxide production rate of 458.54 g CO2/daykg-feed. 

 

 

Figure 4.3. Average carbon dioxide concentration of inlet air (i.e., ambient air) and 

outlet air of fish tank (FT) when fish biomass about 3 kg/m3 
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Figure 4.4.  Profile of carbon dioxide concentration at the outlet of fish tank during 

the tilapia cultivation (arrows indicate fish feeding; A and B represent cultivation trial 

1 and 2)  

 

4.2.2 Utilization of carbon dioxide from fish tank to cultivate Scenedesmus 

armatus 

Batch cultivation of S. armatus was conducted in 1-L bubble column 

photobioreactors, which were illuminated with white LEDs at 10,000 lux throughout 

the cultivation. Higher light intensity was employed in this experiment instead of 

5,500 lux in the previous section in order to improve photosynthesis under higher 

carbon dioxide environment. The first set (C) was the cultivation using ambient air 

and BG-11 media while the second set (T1) was the cultivation using outlet air from 

fish tank and BG-11 media. The third set (T2) used ambient air and BG-11 media 

without Na2CO3 and finally the fourth set (T3) used air from fish tank and BG-11 

media without Na2CO3. The final cell number densities were 7.83  106, 12.0  106, 

4.14  106 and 10.4  106 cells/mL for the cultivation in C, T1, T2 and T3, 
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respectively (Fig. 4.5(A)). The maximum specific growth rates up to the end of 

growth period (i.e., day 5) were determined at 0.64 d-1 for C, 0.69 d-1 for T1, 0.52 d-1 

for T2 and 0.64 d-1 for T3. T1 yielded the highest cell number density because it was 

supplied with the highest amount of carbon in the forms of carbon dioxide from fish 

tank and carbonate in BG-11 media.  Statistical test indicated that cell number density 

from T1 was statistically significant different (p < 0.05) from cell number density 

from T2, which acquired carbon from ambient air only. The maximum cell dried 

weight (916 ± 81.7 mg/L) also occurred in T1 (Fig. 4.5(B)) and this was equivalent to 

biomass productivity over 8-days period of 110 ± 11.4 mg/L·day. Unlike the results 

of cell number density, the final cell dried weight from each treatment were 

insignificantly different (p > 0.05). Based on the results obtained, outlet air from fish 

tank containing higher carbon dioxide concentration was able to enhance growth of S. 

armatus relative to those using ambient air regardless to the availability of Na2CO3 in 

BG-11 growth media. Since microalgae including Scenedesmus have biological 

pathways that used either carbon dioxide or bicarbonate as carbon source, the 

exclusion of Na2CO3 from BG-11 growth media was therefore intended to prevent 

microalgae from using dissolved carbonate but utilizing only carbon dioxide [71]. 

Nitrate consumption during the cultivation of S. armatus in bubble column 

photobioreactors indicated the decreasing trends and comparable concentration at the 

end of cultivation on day 8 (Fig. 4.6(A)). Like the results from previous section (i.e. 

4.1.2), high amount of nitrate was still in water, and that required additional operation 

to recycle rather than discharging as wastewater.  Phosphate consumption was 

apparent during the growth period, with T2 and T3 (i.e., no Na2CO3 addition) 

consuming more phosphate as compared to those using the standard BG-11 media 

(Fig. 4.6(B)).  It was also observed that pH of T1 and T3 increased from 

approximately 8.0 on the first day to the values ranged from 10 to 11 at the end of 

growth period although these treatments were supplied with elevated carbon dioxide 

concentration (948 ± 76.9 ppm) that should instead lower pH (Fig. 4.7(A)).  Similar 

observation (i.e., increasing pH) was noted for C and T1, which were supplied with 

ambient air.  The increase of pH could be linked to biochemical activities of 

microalgae that released hydroxyl ions into water due to carbonate utilization [71, 72]. 
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This could influence the pH in low buffer solution such as BG-11 media, which 

contained initial alkalinity at 52.50 ± 9.57 mg CaCO3 (Fig. 4.7(B)). 

 

 

Figure 4.5. (A) Cell number density and (B) Microalgal biomass concentration of 

Scenedesmus armatus during the cultivation in 1-L bubble column 

photobioreactors: C using ambient air and BG-11 media, T1 using outlet air from 

fish tank and BG-11 media, T2 using ambient air and BG-11 media without 

NaHCO3 and T3 using outlet air from fish tank and BG-11 media without Na2CO3. 
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Figure 4.6. Profiles of (A) nitrate and (B) phosphate during the cultivation of 

Scenedesmus armatus in 1-L bubble columns: C using ambient air and BG-11 media, 

T1 using air from fish tank and BG-11 media, T2 using ambient air and BG-11 media 

without Na2CO3 and T3 using air from fish tank and BG-11 media without Na2CO3. 

 

 

Figure 4.7. Profiles of (A) pH and (B) alkalinity during the cultivation of 

Scenedesmus armatus in 1-L bubble column: C using ambient air and BG-11 

media, T1 using air from fish tank and BG-11 media, T2 using ambient air and BG-

11 media without Na2CO3 and T3 using air from fish tank and BG-11 media 

without Na2CO3. 
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4.2.3 Pigments content of Scenedesmus armatus 

Biomass of S. armatus were analyzed for chlorophyll and carotenoids 

contents after completing the cultivation (Table 4.3). T3, which was supplied with air 

from fish tank and BG-11 media without NaHCO3, produced the highest contents of 

chlorophyll, total carotenoids and lutein although their magnitudes were not 

significant difference (p > 0.05) as compared to those from other treatments. Like the 

results of previous section, beta-carotene and astaxanthin was non-detectable, and 

lutein was still the major carotenoid (42% to 51%), while one unidentified peak (i.e., 

unidentified carotenoid 1 in Table 4.2) accounted for significant fraction of total 

carotenoids available. 

 

Table 4.3. Pigment contents in Scenedesmus armatus at the end of cultivation on day 8. 

 

Pigment contents 

Treatment 

C T1 T2 T3 

Chlorophyll 

(mg/g) 

4.25 ± 1.80a 3.57 ± 0.02a 6.05 ± 4.07a 7.23 ± 1.66a 

Total carotenoids 

(mg/g) 

1.58 ± 0.54a 1.57 ± 0.44a 1.41 ± 0.31a 2.17 ± 0.41a 

Lutein  

(mg/g) 

0.81 ± 0.21a 

(51.27%) 

0.67 ± 0.06a 

(42.68%) 

0.67 ± 0.03a 

(47.52%) 

0.94 ± 0.14a 

(43.32%) 

Beta-carotene ND ND ND ND 

Astaxanthin ND ND ND ND 

Unidentified 

carotenoid 

(48.73%) (57.32%) (52.48%) (56.68%) 

Different letters within the same row indicate statistically significant difference (p < 0.05) 

ND, is non-detect. 

 

4.2.4 Water quality in fish cultivation tank 
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Fish tank was connected to the solid separating unit, which was employed 

to remove suspended solids and carry out nitrification. Tilapia with initial fish 

biomass of 3.09 kg/m3 were cultivated in fish tank for 8 days to attain the final fish 

biomass of 3.43 kg/m3. Flow rate of water between fish tank and solid separating unit 

was maintained at approximately 4,500 L/day so that it was reasonable to assume that 

the well-mixed condition was established in the recirculating aquaculture system. The 

average DO concentration, pH, temperature and alkalinity were comparable (p > 0.05) 

between fish tank and solid separating unit (Table 4.4), hence confirming good 

mixing assumption, and were within acceptable ranges for tilapia cultivation [10]. 

Dissolved carbon dioxide concentration in fish tank was greater than that of the solid 

separating unit (p < 0.05), perhaps due to more aeration and mixing that stripped 

carbon dioxide out of water. It should be pointed out that water used during this 

cultivation was from fish storage tank, where nitrification was already established.  

Nitrate concentration of water in fish storage tank at the time of using was roughly 50 

mg N/L. By the end of experiment, nitrate concentration in fish tank and solid 

separating unit increased slightly from 47.9 to 54.9 mg/L and from 50.3 to 55.2 mg 

N/L, respectively, while ammonium and nitrite were well below the acceptable level 

of 1.0 mg N/L (Fig. 4.8). The rise of nitrate with negligible ammonium and nitrite 

signaled the occurrence of nitrification in the fish cultivating system.  

 

Table 4.4.  DO concentration, pH, temperature and alkalinity of water in fish tank and 

solid separating unit during the 8-day cultivation of Nile tilapia. 

Parameters Fish tank  Solid separating unit  

Recommended 

range (Timmons 

et al., 2002) 

Dissolved oxygen 

(mg/L) 
6.5 ± 0.8a 6.7 ± 0.8a > 5.0 mg/L 

pH 8.2 ± 0.2a 8.3 ± 0.2a 6.5 – 8.5 

Temperature (oC) 30.6 ± 0.9a 30.8 ± 1.0a 28 – 32 oC 

Alkalinity 

(mg CaCO3/L) 
111 ± 12a 119 ± 7a 50 – 300  

mg CaCO3/L 

Dissolved carbon 

dioxide (mg/L) 
1.6 ± 0.9a 1.3 ± 0.5b < 60 mg/L 
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Different letters within the same row indicate statistically significant difference (p < 0.05) 

 

Figure 4.8. Ammonium, nitrite and nitrate concentration during the cultivation of 

Nile tilapia in recirculating aquaculture system consisting of fish tank (FT) and solid 

separating unit (SU). 
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4.3 Effect of fish biomass on carbon dioxide production and utilization of 

carbon dioxide and nitrate from recirculating aquaculture system for 

microalgal cultivation 

 

4.3.1 Performance of recirculating aquaculture system 

Recirculating aquaculture system consisted of fish tank to grow tilapia and 

solid separating unit to control suspended solids and inorganic nitrogen concentration 

within acceptable range. The average DO concentration, pH, temperature, alkalinity 

and dissolved carbon dioxide were within acceptable ranges for tilapia cultivation 

(Table 4.5).  The average DO concentration in solid separating unit were greater than 

those in fish tank in each fish biomass tested. The possible explanation might be 

linked to the presence of fish and suspended solids in fish tank at the same time, 

whereas only suspended solids were present in the solid separating unit and aeration 

rate to solid separating unit was 4-times greater than that in fish tank.   

 

Table 4.5. Dissolved oxygen concentration, pH, temperature and alkalinity water in 

fish tank (FT) and solid separating unit (SU) of the recirculating aquaculture system at 

different fish densities. 

 

Physical 

property 

3 kg/m3 5 kg/m3 10 kg/m3 

FT SU FT SU FT SU 

DO (mg/L) 6.6 ± 0.4 7.1 ± 0.3 6.6 ± 0.4* 7.2 ± 0.4* 6.3 ± 0.5 7.7 ± 0.6 

pH 7.8 ± 0.2 7.9 ± 0.2 8.1 ± 0.2* 8.2 ± 0.1* 8.1 ± 0.1 8.1 ± 0.2 

Temperature (oC) 30.5 ± 0.5 30.7 ± 0.5 29.6 ± 0.5* 29.3 ± 1.0* 30.3 ± 0.4 30.4 ± 0.5 

Alkalinity 

(mg CaCO3/L) 
152 ± 11 158 ± 8 188 ± 11* 184 ± 20* 176 ± 17 172 ± 23 

Dissolved carbon 

dioxide (mg/L) 
5.5 ± 3.0 3.5 ± 1.3 2.9 ± 1.2* 2.5 ± 0.9* 3.1 ± 0.3 2.8 ± 1.2 

*The results were obtained from 5 kg/m3 tilapia cultivation may be underestimated due to 1 fish was 

died on the 5th day of cultivation. 
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The solid separating unit was divided into 2 compartments. The first 

compartment was used primarily to retain suspended solids and to carry out 

nitrification while the second compartment was employed for additional filtration. 

However, significant solid clogging occurred in the second compartment shortly after 

starting the operation that eventually led to the failure of water pumping equipment. 

As a result, filters (pored size 150 m) in the second compartment was removed to 

allow water to flow more easily from the second compartment back to fish tank. The 

average suspended solid concentration in fish tank after the system modification were 

64 ± 20, 69 ± 22 and 79 ± 24 mg SS/L for fish stocking at 3, 5 and 10 kg/m3, 

respectively. The average suspended solid concentration was within the acceptable 

level for aquacultures although there were fluctuations occurred occasionally that 

reached as high as 106 mg SS/L (Fig 4.9). This was caused by clogging on stainless 

steel screen separating the first and second compartments, causing liquid overflow 

from the first to second compartments.  At the end of tilapia cultivation, the total 

amount of solids in the solid separating unit was measured to determine the 

percentage of solids retention, and it was clear that the majority of solids (84.54% for 

3 kg/m3, 85.88% for 5 kg/m3 and 77.51% kg/m3) in the recirculating aquaculture 

system was kept inside the solid separating unit (Fig. 4.10). The performance of solid 

separating unit in this work was comparable with previous work employing other 

types of solid-liquid separator such as inclined plate (100 m pored size), cone-shape 

column equipped with stainless steel screen (100 m pored size) or upflow clarifier 

[30, 35, 52].  

Fig. 4.11 illustrates the profiles ammonium, nitrite and nitrate in fish tank 

and solid separating unit for each tilapia biomass.  The solid separating unit as 

nitrifying unit for the recirculating aquaculture system was able to maintain 

ammonium and nitrite in fish tanks below 0.8 mg N/L for each fish biomass 

considered. Ammonium and nitrite concentration were less than the acceptable range 

recommended for tilapia cultivation [10].  Nitrate was the major inorganic nitrogen 

compound detected in fish tank and solid separating unit, measured at 37.7 ± 1.74 and 

40.1 ± 2.28 mg N/L for 3 kg/m3, 33.2 ± 2.32 and 35.7 ± 3.95 mg N/L for 5 kg/m3 and 

42.1 ± 1.60 and 45.3 ± 2.61 mg N/L for 10 kg/m3, respectively. Relatively constant 

nitrate concentration in fish tank was an unexpected as nitrate was the product of 
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nitrification.  Thus, it was possible that denitrification was responsible for nitrate 

reduction in the system. Although DO concentration in the recirculating aquaculture 

system indicated aerobic condition, establishment of anaerobic environment was 

possible, especially within biofilm layer on tank wall and in the thick solid sediment 

on tank floor (Fig. 4.12). Measurement of oxygen concentration in sediment layer 

indicated dissolved oxygen concentration less than 1.0 mg/L. Previous works also 

reported the occurrence of denitrification when excessive organic solids were present 

in nitrifying biofilter unit [73, 74]. 

  

 

Figure 4.9. Suspended solid concentration in recirculating aquaculture system at 

different fish stocking densities: FT is fish tank; SU1 is the first chamber of solid 

separating and SU2 is the second chamber of solid separating unit. Note that results for 

5 kg/m3 tilapia cultivation may be underestimated due to fish death on day 5. 
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Figure 4.10. Distribution of solids in recirculating aquaculture system: FT is fish 

tank, SU1 is the first chamber of solid separating unit and SU2 is the second 

chamber of solid separating unit. Note that results for 5 kg/m3 tilapia cultivation 

may be underestimated due to fish death on day 5. 

 

Table 4.6. Growth data for tilapia cultivation in recirculating aquaculture system at 

different fish stocking densities. 

Parameter 

3 kg/m3 5 kg/m3 10 kg/m3 

Day 0 Day 8 Day 0 Day 8 Day 0 Day 8 

Fish biomass (kg/m3) 3.2 3.6 5.1* 5.4 10.5 11.8 

Average weight (g) 34.4 ± 6.8 38.6 ± 6.8 39.2 ± 6.8* 41.6 ± 6.8* 47.4 ± 6.8 53.0 ± 6.8 

Average length (cm) 12.7 ± 6.8 12.8 ± 6.8 13.1 ± 6.8* 13.2 ± 6.8* 13.8 ± 6.8 13.9 ± 6.8 

Feeding rate (g/day) 5.15 8.24* 17.05 

Survival rate (%) 100 85.71* 100 

Average daily weight 

gain (g/day) 
0.53 0.29* 0.70 

Feed conversion ratio 

(FCR) 
1.95 4.02* 2.02 

*Note that results for 5 kg/m3 tilapia cultivation may be underestimated due to fish death on day 5. 
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Figure 4.11. Concentration of ammonium, nitrite and nitrate in fish tank (FT) and 

solid separating unit (SU) during the cultivation of Nile tilapia at fish biomass about 

3, 5 and 10 kg/m3. Note that results for 5 kg/m3 tilapia cultivation may be 

underestimated due to fish death on day 5. 
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Figure 4.12. Solid sediments on tank floor of solid separating unit and biofilm 

formation 

 

Total survival (i.e., 100%) was achieved for fish biomass at 3 and 10 

kg/m3.  The survival rate was 85% when fish biomass was 5 kg/m3 (Table 4.6).  

Lower survival rate in this treatment was perhaps due to the presence of weak or sick 

tilapia among the population that showed signs of lower immune system such as no 

eating and eventually died couple days later. Nonetheless, it was possible to assume 

that the length of cultivation (i.e., 8 days) did not significantly affect the rate of 

carbon dioxide and inorganic nitrogen waste production by fish as the average weight, 

length and fish biomass only increased slightly. The average daily weight gain in this 

work (0.29 to 0.70 g/day) was lower than the results from other recirculating systems 

using nitrifying biofilter that reported daily weight gain ranged from 0.82 to 3.35 

g/day [73, 75-77]. However, it should be pointed out that the cultivating period in this 

work was only 8 days and the total wastes accumulated in the system should be 

significantly less than other works, which performed the cultivation as long as 1 to 4 

months [73, 75-77]. 

 

 

4.3.2 Carbon dioxide production from recirculating aquaculture system 
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Fig. 4.13 summarizes the average carbon dioxide concentration at inlets of 

recirculating aquaculture system and outlets of fish tank and solid separating unit. 

Inlet carbon dioxide concentration were comparable (p > 0.05) for all fish biomass, 

ranged from 537 to 591 ppm, which were similar to the values of carbon dioxide in 

ambient air. Increasing carbon dioxide concentration in the outlet of fish tank was 

observed after increasing fish biomass from 3 to 10 kg/m3. This resulted in the highest 

carbon dioxide concentration (1,618 ± 398 ppm) in the outlet of fish tank. Similar 

observation was noted for the outlet of solid separating unit, with the highest carbon 

dioxide concentration at 915 ± 88 ppm when fish biomass was maintained at 10 

kg/m3. Similar to the results in section 4.2.1, carbon dioxide concentration in water 

exceeded its soluble limitation, implying that excessed carbon dioxide should be 

transported across the air-water interface into the headspace (Table 4.7) 

 

 

Figure 4.13. Average carbon dioxide concentration at the inlets of recirculating 

aquaculture system and at the outlets of fish tank (FT) and solid separating unit 

(SU) at different fish biomass. Different letters within each group of the x-axis 

indicates statistically significant difference (p < 0.05). Note that results for 5 kg/m3 

tilapia cultivation may be underestimated due to fish death on day 5. 
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Table 4.7. Dissolved carbon dioxide concentration and solubility of carbon dioxide in 

water in the recirculating aquaculture system. 

Water in each compartment 

of recirculating aquaculture 

system 

Solubility of CO2 (mol/L) 

[Calculated from Henry’s 

law] 

Dissolved CO2 (mol/L) 

[Calculated total 

alkalinity and pH] 

Fish tank at 3 kg/m3 3.0 × 10-5 12.5 × 10-5 

Solid separating unit at 3 kg/m3 2.4 × 10-5 8.0 × 10-5 

Fish tank at 5 kg/m3 3.3 × 10-5 6.6 × 10-5 

Solid separating unit at 5 kg/m3 2.7 × 10-5 5.8 × 10-5 

Fish tank at 10 kg/m3 5.5 × 10-5 7.0 × 10-5 

Solid separating unit at 10 

kg/m3 

3.1 × 10-5 6.3 × 10-5 

Note that results for 5 kg/m3 tilapia cultivation may be underestimated due to fish death on day 5. 

 

Figure 4.14(A) illustrate the profile of carbon dioxide concentration at the 

inlets and outlets of recirculating aquaculture system for 3 kg/m3 fish biomass. 

Relatively constant carbon dioxide concentration at the inlets were measured at  

565 ± 14.7 ppm. Carbon dioxide concentration at the outlets of fish tank fluctuated 

substantially depending on fish feeding process despite maintaining constant outlet 

flow rate. Carbon dioxide concentration increases rapidly after feeding, reaching the 

maximum and then gradually retreating back to the initial concentration. The 

volumetric flow rate of inlet air was maintained at 2.4 L/min throughout the 

cultivation, leading to 27.43 g of carbon dioxide into the system during the cultivation 

(i.e. white color in Fig 4.14(B)). As a result of feeding, the total amount of carbon 

dioxide gained was the sum of area under the outlet concentration from the point of 

feeding to the next one (i.e., black area), which was determined at 3.83 g, whereas the 

total carbon dioxide production from the basic respiration (11.47 g) was the gray area, 

which is the difference between carbon dioxide gained from feeding and based line 

from inlets.  For the solid separating unit, the total carbon dioxide production from 

microorganism activities was 28.95 g as compared to 114.28 g of carbon dioxide 

entering the system during the cultivation (Fig 4.14(C)). Profiles of carbon dioxide 

concentration associated with the remaining fish stocking densities of 5 and 10 kg/m3 
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are displayed in Fig. 4.15 and 4.16, and the total carbon dioxide production was 

summarized into Table 4.8. It should be pointed out that the total carbon dioxide 

gained from feeding when fish biomass was maintained approximately 10 kg/m3 was 

significantly higher than the amount from other fish stocking densities, and this is 

directly linked to significantly higher carbon dioxide concentration in the outlet. The 

times required for carbon dioxide concentration in the outlet of fish tank to reach the 

maximum were comparable in all fish biomass, with the average of 5.5 ± 3.25 hours 

after feeding began. The plastic lid of fish tank must be opened daily to the 

atmosphere for about 15 to 45 minutes to accommodate fish feeding and liquid 

sampling and measurement. As a result, carbon dioxide concentration at the outlet of 

fish tank decreased dramatically during this period, and this decrease became clearer 

as the fish biomass increased.  In addition, the total amounts of carbon dioxide gained 

from microbial activities in solid separating unit were 28.95, 52.73 and 64.63 g for 

fish biomass of 3, 5 and 10 kg/m3, respectively (Table 4.8). This excessed carbon 

dioxide was approximately 2 to 3 folds greater than the amounts gained from feeding 

and basic fish respiration. Higher carbon dioxide production associated with solid 

separating unit was due to maintaining higher volumetric flow rates. 
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Table 4.8. Total mass of carbon dioxide during tilapia cultivation in recirculating 

aquaculture system at different stocking densities 

 

Parameter 

Tilapia biomass 

3 kg/m3 5 kg/m3 10 kg/m3 

CO2 from inlet of fish tank (g) 27.43 26.02* 28.34 

CO2 gained from basic respiration 

(g) 

11.47 15.88* 36.73 

CO2 gained from fish feeding (g) 3.83 5.30* 9.50 

Rate of CO2 production from fish 

tank (g CO2/day·kg feed) 

378.37 ± 119a 335.94 ± 113a* 377.31 ± 110a 

CO2 from inlet of solid separating 

unit (g) 

114.28 108.42* 118.10 

CO2 gained from microbial 

activities in solid separating unit 

(g) 

28.95 52.73* 64.63 

Rate of CO2 production from solid 

separating unit (g CO2/day·kg feed) 

729.9 ± 205
a

 834.3 ± 107
a* 1004.3 ± 286

a

 

Cultivating time (hr) 187 184 185 

Rate of total CO
2
 production from 

RAS (g CO
2
/day·kg feed) 

1,108.3 1,170.2* 1,381.6 

Different letters within the same row indicate statistically significant difference (p < 0.05) 

Note that results for 5 kg/m3 tilapia cultivation may be underestimated due to fish death on day 5. 
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Figure 4.14. (A) carbon dioxide concentration from the inlets of recirculating 

system and the outlets from fish tank (FT) and solid separating unit (SU); (B) total 

mass of carbon dioxide from inlet air of FT, carbon dioxide gained from basic 

respiration and carbon dioxide gained from feeding; and (C) total mass of carbon 

dioxide from inlet air of SU and carbon dioxide gained from microbial activities in 

SU during fish cultivation at 3 kg/m3 (Arrows indicate fish feeding).  

⬛ CO2 = 3.8 g   

CO2 = 11.5 g   

CO2 = 27.4 g   

CO2 = 29.0 g   

CO2 = 114.3 g   
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Figure 4.15.  (A) carbon dioxide concentration from the inlets of recirculating 

system and the outlets from fish tank (FT) and solid separating unit (SU); (B) total 

mass of carbon dioxide from inlet air of FT, carbon dioxide gained from basic 

respiration and carbon dioxide gained from feeding; and (C) total mass of carbon 

dioxide from inlet air of SU and carbon dioxide gained from microbial activities in 

SU during fish cultivation at 5 kg/m3 (Arrows indicate fish feeding) 

⬛ CO2 = 5.3 g   

CO2 = 15.9 g   

CO2 = 26.0 g   

CO2 = 52.7 g   

CO2 = 118.4 g   
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Figure 4.16.  (A) carbon dioxide concentration from the inlets of recirculating 

system and the outlets from fish tank (FT) and solid separating unit (SU); (B) total 

mass of carbon dioxide from inlet air of FT, carbon dioxide gained from basic 

respiration and carbon dioxide gained from feeding; and (C) total mass of carbon 

dioxide from inlet air of SU and carbon dioxide gained from microbial activities in 

SU during fish cultivation at 10 kg/m3 (Arrows indicate fish feeding)  

⬛ CO2 = 9.5 g   

CO2 = 36.7 g   

CO2 = 28.3 g   

CO2 = 64.6 g   

CO2 = 118.1 g   
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 4.4  Utilization of carbon dioxide and nitrate from recirculating aquaculture 

system for microalgal cultivation 

 

4.4.1 Growth of Scenedesmus armatus  

Fig 4.17 displays cell number density from the cultivation of S. armatus in  

1-L bubble column photobioreactors using nitrate-rich effluent (41.6 ± 0.0 mg N/L) 

from the solid separating unit and outlet air from fish tank containing elevated carbon 

dioxide concentration (881 ± 123.7 ppm) when fish biomass was maintained 

approximately 3 kg/m3.  This condition yielded the maximum cell number density of 

2.53  106 cells/mL and maximum specific growth rate of 0.89 d-1, which were 

insignificant difference (p > 0.05) to the results from microalgal cultivation using the 

same effluent and ambient air. Tilapia cultivation at 5 kg/m3 fish biomass yielded the 

outlet carbon dioxide concentration from fish tank at 973 ± 204.2 ppm. This air was 

used to cultivate S. armatus along with effluent containing nitrate (35.0 ± 2.1 mg N/L) 

from the solid separating unit, and consequently yielded the maximum specific 

growth rate (1.33 d-1) and maximum cell number density (5.07  106 cells/mL) that 

were comparable (p > 0.05) to those using the same effluent and ambient air.  

Unlike earlier results associated with lower fish biomass, tilapia cultivation 

at 10 kg/m3 produced the outlet air containing elevated carbon dioxide concentration 

(1,652 ± 269.9 ppm) and nitrate-rich effluent (46.1 ± 1.2 mg N/L) from the solid 

separating unit. Cultivation of S. armatus using the described carbon dioxide and 

nitrate-rich effluent resulted in the maximum cell number density of 5.53  106 

cells/mL, which was approximately 2-folds higher the results (2.72  106 cells/mL) 

using ambient air.in as compared to the cultivation using ambient air although the 

maximum specific growth rates from both treatments were similar (i.e., 1.83 day-1 for 

the cultivation with outlet air from fish tank and 1.66 day-1 for the cultivation using 

ambient air). Clearly, tilapia biomass in fish tank must be maintained at least 10 kg/m3 

in order to produce sufficient carbon dioxide to enhance cell growth. However, the 

stationary phase was established after 2 or 3 days into the cultivation, whereas it 

required longer period (i.e., 8 days) for the cultivation using BG-11 growth media or 

nitrifying biofilter effluent from commercial farm. It was speculated that the effluent 
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from solid separating unit might lack other important nutrients or trace elements 

essential for growth as tilapia cultivating period lasted only 8 days. Calculation of 

nitrogen to phosphorus ratio indicated that it was lower than the required ratio for 

microalgal biomass.  

Similar results were obtained for biomass concentration (Fig. 4.18). Final 

biomass concentrations were 238 ± 13.4, 354 ± 83.7 and 410 ± 22.3 mg/L for the 

cultivation using nitrate from solid separating unit and carbon dioxide from outlet air 

from fish tank at 3, 5 and 10 kg/m3, respectively. Microalgal cultivation subjected to 

the same effluent and ambient air produced biomass concentrations at 219 ± 27.6,  

349 ± 41.7 and 234 ± 54.6 mg/L when maintaining fish biomass closed to 3, 5, and 10 

kg/m3, respectively. Clearly, the cultivation of S. armatus using outlet air from fish 

tank at 10 kg/m3 was preferred since the described condition produced the highest 

carbon dioxide concentration and yielded the highest biomass concentration and cell 

number density. 
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Figure 4.17. Cell number density during the cultivation of Scenedesmus armatus 

using the effluent from solid separating unit and outlet air from fish tank at different 

tilapia biomass.  Control represents the cultivation using ambient air while CO2 

represents the cultivation using outlet air from fish tank. Note that results for 5 kg/m3 

tilapia cultivation may be underestimated due to fish death on day 5. 
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Figure 4.18.  Biomass concentration during the cultivation of Scenedesmus armatus 

using the effluent from solid separating unit and outlet air from fish tank at different 

tilapia biomass. Control represents algal cultivation using ambient air while CO2 

represents algal cultivation using outlet air from fish tank. Note that results for 5 

kg/m3 tilapia cultivation may be underestimated due to fish death on day 5. 
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4.4.2 Nutrients utilization during algal cultivation 

Profiles of nitrate in photobioreactors are displayed in Fig. 4.19 for 

different fish biomass. Microalgal cultivation using the effluent from 3 kg/m3 fish 

tank reduced nitrate from 41.6 mg N/L to 28.2 mg N/L and to 24.8 mg N/L for the 

cultivation using ambient air and outlet air from fish tank, respectively.  The amounts 

of nitrate consumed by microalgae were not significantly different (p > 0.05) between 

both treatments. For fish biomass of 5 kg/m3, microalgal cultivation lowered nitrate 

concentration from 36.4 mg N/L to 6.3 mg N/L and to 5.4 mg N/L for the cultivation 

using ambient air and outlet air from fish tank, respectively.  Statistical test gave 

similar outcome that nitrate consumption was insignificantly different (p > 0.05) 

between both treatments. In contrast, the cultivation using outlet air from 10 kg/m3 

fish tank decreased nitrate concentration in the effluent from 47.3 to 11.14 mg N/L, 

more than the cultivation using ambient air that reported the final nitrate concentration 

at 30 mg N/L. Clearly, the most effective nitrate utilization was associated with fish 

cultivation that yielded the highest carbon dioxide and highest microalgal growth. 

Similar observation was noted by Habibi et al. (2019) that high nitrate consumption in 

Scenedesmus sp. tended to associate with the cultures with highest growth that could 

be accelerated by supplying elevated carbon dioxide concentration. Other inorganic 

nitrogen (i.e., TAN and nitrite) were relatively constant less than 1.0 mg N/L 

throughout the cultivation (Table 4.9). 

Profiles of phosphate concentration in photobioreactors are illustrated in 

Fig. 4.20. Decreasing phosphate concentration was observed in all fish biomass.  For 

fish biomass at 3 kg/m3, phosphate concentration in photobioreactors were reduced 

from the initial to final values measured at 3.14 and 4.31 mg P/L for the treatments 

using ambient air and outlet air, respectively.  For fish biomass of 5 kg/m3, similar 

phosphate profiles were observed between both treatments, with the final phosphate 

concentration measured at 3.26 and 3.24 mg P/L for the treatment using ambient air 

and outlet air from fish tank, respectively. Final phosphate concentration associated 

with 10 kg/m3 fish biomass were 2.59 mg P/L for the cultivation using ambient air 

and 2.85 mg P/L for the cultivation supplying with air from fish tank.  For this 

particular fish biomass, phosphate consumption by microalgae supplied with air from 

fish tank was clearly greater than the cultivation with ambient air.  This observation 
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differed from the lower fish biomass that saw similar phosphate consumption between 

both treatments. 

 

Figure 4.19.  Nitrate concentration during the cultivation of Scenedesmus armatus 

using nitrate from the effluent of solid separating unit and carbon dioxide from 

ambient air or outlet air from fish tank at different tilapia biomass.  Control represents 

microalgal cultivation using ambient air while CO2 represents microalgal cultivation 

using outlet air from fish tank. Note that results for 5 kg/m3 tilapia cultivation may be 

underestimated due to fish death on day 5. 
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Figure 4.20.  Phosphate concentration during the cultivation of Scenedesmus armatus 

using nitrate from the effluent of solid separating unit and carbon dioxide from 

ambient air or outlet air from fish tank at different tilapia biomass.  Control represents 

microalgal cultivation using ambient air while CO2 represents microalgal cultivation 

using outlet air from fish tank. Note that results for 5 kg/m3 tilapia cultivation may be 

underestimated due to fish death on day 5. 
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Table 4.9.  Total ammonia nitrogen and nitrite concentration during the cultivation of 

Scenedesmus armatus using the effluent of solid separating unit and carbon dioxide 

from ambient air or outlet air from fish tank at different tilapia biomass. 

 

Treatment 
Concentration (mg N/L) 

TAN Nitrite 

Control at fish 3 kg/m3 0.04 ± 0.03 0.44 ± 0.07 

CO2 at fish 3 kg/m3 0.07 ± 0.06 0.24 ± 0.06 

Control at fish 5 kg/m3 0.41 ± 0.29* 0.09 ± 0.01* 

CO2 at fish 5 kg/m3 0.49 ± 0.32* 0.05 ± 0.03* 

Control at fish 10 kg/m3 0.12 ± 0.04 0.26 ± 0.13 

CO2 at fish 10 kg/m3 0.24 ± 0.13 0.14 ± 0.07 

*Note that results for 5 kg/m3 tilapia cultivation may be underestimated due to fish death on day 5. 

 

 

4.4.3 Carbon dioxide consumption during algal cultivation 

Average carbon dioxide concentration in inlet air to photobioreactors 

depended on fish biomass, measured at 881 ± 123.1, 974 ± 203.8 and 1,619 ± 397.7 

ppm for fish biomass of 3, 5 and 10 kg/m3, respectively (Fig. 4.21). Significant carbon 

dioxide consumption was observed in the treatment associated with 10 kg/m3 fish 

biomass. Carbon dioxide concentration in outlet air from photobioreactors, ranged 

from 596 ± 25.4 to 615 ± 37.4 ppm, were similar to ambient air values. Carbon 

dioxide concentration in inlet air (i.e., from fish tank) varied with time, with the sharp 

increase observed after each fish feeding before starting to decrease (Fig. 4.22). 

Relatively constant carbon dioxide concentration about that of ambient air was 

observed in outlet air of photobioreactors for all fish biomass considered. The total 

mass of carbon dioxide that was consumed during microalgal cultivation is illustrated 

in dark gray, which is the difference between the total carbon dioxide supplied into 

photobioreactors and that remaining after the cultivation was completed (Fig. 4.23). It 

was estimated that 13.79 g of carbon dioxide were consumed from the total of 42.73 g 

during microalgal cultivation when fish biomass was closed to 3 kg/m3.  For 5 kg/m3 

fish biomass, higher carbon dioxide consumption at 19.13 g was accomplished during 
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microalgal cultivation as compared to the total carbon dioxide supplied into 

photobioreactors at 47.21 g.  Approximately 3-folds higher carbon dioxide 

consumption at 48.10 g out of 77.58 g were reported when fish biomass was 

maintained closed to 10 kg/m3. 

 

 

 

Figure 4.21. Average carbon dioxide concentrations in inlet air (i.e., outlet of fish 

tank) and outlet air from photobioreactors at different fish stocking densities (i.e., 3, 5 

and 10 kg/m3).  Different letters with the same color pattern indicate statistically 

significant difference in CO2 concentration (p < 0.05). Note that results for 5 kg/m3 

tilapia cultivation may be underestimated due to fish death on day 5. 
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Figure 4.22. Carbon dioxide concentration in inlet air (i.e., outlet of fish tank) and 

outlet air of photobioreactors for microalgal cultivation at different fish biomass 
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Figure 4.23. Mass of carbon dioxide into (i.e., from outlet of fish tank) and out of 

photobioreactors at different fish biomass. Note that results for 5 kg/m3 tilapia 

cultivation may be underestimated due to fish death on day 5. 

CO2 = 19.1 g   

CO2 = 28.1 g   

CO2 = 48.1 g   

CO2 = 29.5 g   

CO2 = 13.8 g   

CO2 = 28.9 g   
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4.5 Measurement of carbon dioxide concentration by gas chromatography 

 

Samples (i.e., approximately 0.5 to 1.0 L) of inlet air into fish tank and outlet 

air from fish tank and solid separating unit were collected on the last day of 

microalgal cultivation for fish biomass of 10 kg/m3, and subsequently sent for 

analysis by gas chromatography. As demonstrated in Table 4.10, carbon dioxide 

concentration from carbon dioxide meter and gas chromatography were different so 

that calibrating graph were constructed as shown in Fig. 4.24. It should be mentioned 

that all carbon dioxide concentration reported in this chapter are post-calibrated 

concentration using this figure. 

 

Table 4.10. Comparison between carbon dioxide concentration measured by Carbon 

dioxide meter and gas chromatography for fish biomass of 10 kg/m3. 

 

Air sample 
CO2 meter  

(ppm) 

Gas chromatography 

(ppm) 

Inlet of fish tank 339 545 

Outlet of fish tank 1,165 1,341 

Outlet of solid separating unit 728 871 

Outlet of photobioreactors 

supplied with ambient air  

379 509 

Outlet of photobioreactors 

supplied with air from fish tank 

456 580 
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Figure 4.24. Calibrated graph for carbon dioxide concentration 

 

4.6 Carbon and nitrogen mass balance in recirculating aquaculture system 

 

Carbon and nitrogen mass balance was conducted to their distribution in input 

and output under different forms. Table 4.11 displays the results of carbon and 

nitrogen contents of feed, tilapia and suspended solids. Carbon input into the 

recirculating aquaculture system came from various parts, namely tilapia biomass, 

feed given to tilapia, and suspended solids in fish tank and solid separating unit.  As 

shown in Table 4.12 and Fig. 4.25, large fraction of carbon input was in fish feed, 

biomass of tilapia and carbon dioxide into the system. Similar distribution of carbon 

input was observed for all fish biomass except that tilapia biomass accounted for large 

portion at 42.08% when fish biomass was at 10 kg/m3. For carbon output, major 

fractions were in the forms of fish biomass and carbon dioxide. Fractions of carbon 

emitted from solid separating unit was quite large relative to that from fish tank, and 

the likely explanation was linked to higher volumetric flow rate of air into the solid 

separating unit compared to that into fish tank (i.e., about 4 times higher). 

Fish feed was the only carbon input that was converted to other forms, namely 

fish weight gained, formed suspended solids and carbon dioxide. According to Table 

4.13,  the fraction of carbon in tilapia weight gained accounted for 7% to 16% of total 

carbon in feed, but the largest fraction of feed carbon conversion was in the form 

carbon dioxide gained from respiration, accounting for 54% to 74% of the total 

carbon in feed. The results obtained were different from the carbon mass balance 
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calculation reported by Yogev et al. (2017) [12] that indicated the carbon fraction for 

fish biomass, suspended solids and carbon dioxide at 27%, 37% and 36% of total 

carbon in feed, respectively. The likely reason for the difference might be related to 

the activities of microorganisms (i.e., suspended solids as source of microorganisms) 

accumulated in solid separating that produced carbon dioxide into the system via 

respiration as well as other biological pathways, whereas carbon dioxide production 

from microorganisms in the work of Yogev et al. (2017) [12] was less likely because 

solids continuously removed from the aquaculture system. 

 

Table 4.11. Carbon and nitrogen content in feed, fish biomass and suspended solids 

and Scenedesmus armatus biomass. 

Parameter % carbon % nitrogen Reference 

Nile tilapia 49.9 6.76 Appendix G 

Suspended solids 29.73 3.14 Appendix G 

Feed 41.68 2.97 Appendix G 

S. armatus 47.87 8.11 Appendix G 

 

 

Table 4.12. Carbon mass distribution during the cultivation of tilapia in recirculating 

aquaculture system at fish biomass of 3, 5 and 10 kg/m3. 

Carbon 

source 

3 kg/m3 5 kg/m3 10 kg/m3 

g 

Carbon 
% 

g 

Carbon 
% 

g 

Carbon 
% 

Input 

Fish feed 17.2 19.3% 27.5* 24.9%* 56.8 31.5% 

Nile tilapia 23.0 25.8% 36.7* 33.3%* 76.0 42.1% 

Suspended 

solids 
5.9 6.6% 4.4* 3.9%* 3.9 2.1% 

CO2 fed to FT 7.5 8.4% 7.1* 6.4%* 7.7 4.3% 

CO2 fed to SU 31.2 35.1% 29.6* 26.9%* 32.2 17.8% 
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Carbon 

source 

3 kg/m3 5 kg/m3 10 kg/m3 

g 

Carbon 
% 

g 

Carbon 
% 

g 

Carbon 
% 

Dissolved 

inorganic carbon 
4.2 4.8% 4.9* 4.5%* 3.9 2.2% 

Sum 88.9 100.0% 110.1* 100.0%* 180.6 100.0% 

Output 

Nile tilapia 25.8 29.0% 38.9* 35.3%* 85.0 47.1% 

Suspended 

solids 
8.0 9.0% 6.2* 5.6%* 6.5 3.6% 

CO2 emitted 

from FT 
11.7 13.1% 12.9* 11.7%* 21.2 11.7% 

CO2 emitted 

from SU 
39.1 44.0% 44.0* 39.9%* 49.9 27.6% 

Dissolved 

inorganic carbon 
3.8 4.3% 4.4* 4.0%* 5.2 2.9% 

Lost 0.5 0.6% 3.8* 3.5%* 12.8 7.1% 

Sum 88.9 100.0% 110.1* 100.0%* 180.6 100.0% 

*Note that results for 5 kg/m3 tilapia cultivation may be underestimated due to fish death on day 5. 
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Table 4.13. Feed carbon conversion into different forms during tilapia cultivation in 

recirculating aquaculture system at fish biomass of 3, 5 and 10 kg/m3 

Carbon 

source 

3 kg/m3 5 kg/m3 10 kg/m3 

g 

Carbon 
% 

g 

Carbon 
% 

g 

Carbon 
% 

Input 

Feed input 17.19 100% 27.46* 100%* 56.84 100% 

Output 

Fish biomass 

gained 
2.82 16.42% 2.19* 7.99%* 9.01 15.86% 

Suspended 

solids gained 
2.17 12.64% 1.84* 6.69%* 2.65 4.67% 

CO2 gained 12.08 70.27% 20.17* 73.46%* 31.08 54.67% 

Lost 0.12 0.67% 3.26* 11.86%* 14.10 24.81% 

Sum 17.19 100% 27.46* 100%* 56.84 100% 

*Note that results for 5 kg/m3 tilapia cultivation may be underestimated due to fish death on day 5. 

 

Figure 4.25. Carbon mass distribution during the cultivation of tilapia in recirculating 

aquaculture system at fish biomass of 3, 5 and 10 kg/m3. Note that results for 5 kg/m3 

tilapia cultivation may be underestimated due to fish death on day 5. 
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Nitrogen contents in feed, tilapia and suspended solids are summarized in 

Table 4.14 and Fig. 4.26.  Results of nitrogen mass balance indicated that fish feed 

was the only nitrogen input that was distributed to other forms, specifically nitrogen 

in fish biomass, nitrogen in suspended solids in fish tank and solid separating unit, 

inorganic nitrogen dissolved in water and unaccounted fraction assumed as nitrogen 

gas. Large fractions of nitrogen output were dissolved inorganic nitrogen compounds 

(i.e., ammonia, nitrite and nitrate), accounting for 32% to 55% of nitrogen input. 

Fraction of dissolved inorganic nitrogen were significantly larger than the range 

reported in previous works employing bioflocs as nitrifying sludge that indicated 

inorganic nitrogen fraction from 15% to 25% [51, 78]. Another large fraction of 

nitrogen output was the unaccounted portions assumed as nitrogen gas. The 

magnitude of unaccounted nitrogen in this work was smaller than the previous works, 

which reported unaccounted portion about 30% to 50% [78-80]. Another limitation of 

this work that led to different nitrogen distributions might be linked to short 

cultivation period only 8 days. 

 

Table 4.14. Nitrogen mass balance displaying nitrogen distribution in recirculating 

aquaculture system for tilapia biomass of 3, 5 and 10 kg/m3. 

 

Nitrogen 

source 

3 kg / m3 5 kg / m3 10 kg / m3 

g 

Nitrogen 
% 

g 

Nitrogen 
% 

g 

Nitrogen 
% 

Input 

Fish feed 1.22 16.86% 1.96* 24.27%* 4.05 28.50% 

Nile tilapia 1.55 21.38% 2.48* 30.79%* 5.14 36.15% 

Suspended 

solids 
0.18 2.53% 0.14* 1.70%* 0.12 0.85% 

Dissolved 

inorganic 

nitrogen 

4.30 59.22% 3.49* 43.25%* 4.90 34.50% 
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Nitrogen 

source 

3 kg / m3 5 kg / m3 10 kg / m3 

Sum 7.26 100% 8.06 100%* 14.21 100% 

Output 

Nile tilapia 1.74 24.01% 2.63 32.63%* 5.75 40.43% 

Suspended 

solids 
0.25 3.47% 0.19 2.41%* 0.20 1.44% 

Dissolved 

inorganic 

nitrogen 

4.00 55.03% 3.38 41.95%* 4.60 32.36% 

Unaccounted 1.27 17.48% 1.86 23.02%* 3.66 25.77% 

Sum 7.26 100% 8.06 100%* 14.21 100% 

* Note that results for 5 kg/m3 tilapia cultivation may be underestimated due to fish death on day 5. 

 

Figure 4.26. Nitrogen mass distribution during the cultivation of tilapia in 

recirculating aquaculture system at fish biomass of 3, 5 and 10 kg/m3. Note that results 

for 5 kg/m3 tilapia cultivation may be underestimated due to fish death on day 5. 

 

4.7 Carbon and nitrogen mass balance during microalgal cultivation using 

nitrate and carbon dioxide from recirculating aquaculture system 

 

CHN analysis revealed that biomass of S. armatus contained carbon and 

nitrogen at 47.87% and 8.11%, respectively (Table 4.9). Carbon dioxide input for 

microalgal cultivation was the carbon dioxide output from fish tank. Carbon dioxide 

was almost accounted entirely (98.16% to 99.07%) for carbon input while the 
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remaining (0.61 to 1.37%) was dissolved inorganic carbon (Table 4.15 and Fig 4.27).  

For carbon output, carbon dioxide was still the highest fraction accounted for 37.64% 

to 66.57% depending on fish biomass, whereas the fraction of carbon in microalgae 

was only 2.68% to 3.84% and the remaining fractions (29.05% to 58.60%) were 

unaccounted carbon, which may be dissolved organic carbon (DOC). These findings 

implied that microalgae cultivation was ineffective for carbon recovery and the 

process needed further optimization to improve efficiency of carbon recycle. 

 

 

Figure 4.27. Carbon mass balance for the cultivation of S. armatus using outlet air 

from fish tank and nitrate from solid separating unit for 3, 5 and 10 kg/m3 tilapia 

biomass. Note that results for 5 kg/m3 tilapia cultivation may be underestimated due to 

fish death on day 5. 
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Table 4.15.  Carbon mass balance for the cultivation of S. armatus using outlet air 

from fish tank and nitrate from solid separating unit for 3, 5 and 10 kg/m3 tilapia 

biomass.  

Carbon 

source 

CO2-3 CO2-5 CO2-10 

g-C % g-C % g-C % 

Input 

S. armatus 

biomass 
0.080 0.68% 0.061* 0.47%* 0.068 0.32% 

CO2 11.660 98.86% 12.882* 98.89%* 21.172 99.41% 

Dissolved 

inorganic carbon 
0.055 0.47% 0.083* 0.64%* 0.058 0.27% 

Sum 11.795 100.00% 13.027* 100.00%* 21.297 100.00% 

Output 

S. armatus 

biomass 
0.339 2.87% 0.504* 3.87%* 0.572 2.69% 

CO2 7.895 66.94% 7.661* 58.81%* 8.044 37.77% 

Dissolved 

inorganic carbon 
0.089 0.75% 0.118* 0.91%* 0.110 0.52% 

Unaccounted 3.472 29.44% 4.743* 36.41%* 12.570 59.02% 

Sum 11.795 100.00% 13.027* 100.00%* 21.297 100.00% 

*Note that results for 5 kg/m3 tilapia cultivation may be underestimated due to fish death on day 5. 

 

Table 4.16 and Fig 4.28 demonstrate the results of nitrogen mass balance 

calculation showing nitrogen distribution during the microalgal cultivation. Clearly, 

nitrogen input was almost entirely nitrate (90.03 to 91.96%) while the remaining 

fraction was the initial biomass of microalgae. For nitrogen output, microalgal growth 

increased its nitrogen fraction to about 39.34% to 76.64% while the remaining nitrate 

after consumption was still a major portion ranged from 14.66% to 50.94%. The 

unaccounted fraction of nitrogen output was assumed as dissolved organic nitrogen. 

Production of nitrogenous gases was unlikely due to continuous aeration in 
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photobioreactors. Detailed examination revealed that the treatments associated with 5 

and 10 kg/m3 fish biomass were more efficient in nitrogen recovery in the form 

microalgal biomass (39.34% to 76.64%) and consumed more nitrate as compared to 

the treatment associated with 3 kg/m3 biomass. In general, it can be said that nitrogen 

recovery fared better than carbon recovery for all fish stocking densities considered.  

 

Table 4.16.  Nitrogen mass balance for the cultivation of S. armatus using outlet air 

from fish tank and nitrate from solid separating unit for 3, 5 and 10 kg/m3 tilapia 

biomass. 

Carbon 

source 

CO2-3 CO2-5 CO2-10 

mg 

Nitrogen 
% 

mg 

Nitrogen 
% 

mg 

Nitrogen 
% 

Input 

S. armatus 

biomass 
13.52 9.26% 10.38* 9.33%* 11.46 7.71% 

TAN 0.0089 0.01% 0.20* 0.17%* 0.17 0.11% 

NO2
- 1.02 0.70% 0.33* 0.30%* 0.33 0.22% 

NO3
- 131.38 90.03% 100.40* 90.20%* 136.76 91.96% 

Sum 145.93 100% 111.31* 100%* 148.71 100% 

Output 

S. armatus 

biomass 
57.41 39.34% 85.31* 76.64%* 96.89 65.15% 

TAN 0.29 0.20% 0.71* 0.64%* 1.13 0.76% 

NO2
- 0.54 0.37% 0.08* 0.08%* 0.28 0.19% 

NO3
- 74.33 50.94% 16.32* 14.66%* 33.43 22.48% 

Unaccounted 13.37 9.16% 8.88* 7.98%* 16.99 11.43% 

Sum 145.93 100% 111.31* 100%* 148.71 100% 

* Note that results for 5 kg/m3 tilapia cultivation may be underestimated due to fish death on day 5. 
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Figure 4.28. Nitrogen mass balance for the cultivation of S. armatus using outlet air 

from fish tank and nitrate from solid separating unit for 3, 5 and 10 kg/m3 tilapia 

biomass. Note that results for 5 kg/m3 tilapia cultivation may be underestimated due to 

fish death on day 5. 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER V 

CONCLUSION AND SUGESTION FOR FUTURE WORK 

 

5.1. Conclusion 

  

This research proposed the concept of sustainable aquaculture by introducing 

photosynthetic process to utilize wastes generated from recirculating aquacultures 

system. Specifically, carbon dioxide from fish respiration and microbial activity from 

recirculating aquaculture system and nitrate-rich effluent from nitrifying unit were 

utilized by microalgae to obtain biomass and other valuable products. The 

recirculating aquaculture system used in this work consisted of fish tank as the main 

source for carbon dioxide and solid separating unit as nitrifying unit to produce 

nitrate. These wastes were subsequently directed to bubble column photobioreactors 

to cultivate green microalga Scenedesmus armatus. The first part of this research 

evaluated the feasibility of using effluent from nitrifying biofilter of commercial 

aquaculture system; the second part verified the concept of using carbon dioxide from 

aquaculture production as carbon source for microalgal cultivation; and the final part 

studied the effects of fish biomass on carbon dioxide and nitrate production and their 

utilization during microalgal cultivation in photobioreactors. The following 

conclusions can be drawn. 

(1) The effluent from nitrifying biofilter of commercial tilapia farm, 

containing nitrate approximately 25.6 mg N/L, yielded similar cell dried weight (664 

mg/L), cell number density (6.49  106 cells/mL), total carotenoids content (3.09 ± 

2.00 mg/g) and lutein content (1.12 ± 0.71 mg/g) to BG-11 growth media during the 

batch cultivation of S. armatus, thereby implying that nitrifying biofilter effluent can 

be used as substitute for a more expensive BG-11 growth media in the future. 

(2) It was possible to capture carbon dioxide from tilapia cultivation even 

at moderated fish stocking at 3 kg/m3. This resulted in the average carbon dioxide 

concentration at 935 ± 93.4 ppm (1,683 ± 168.1 mg/m3) in outlet air of fish tank as 

compared to the average carbon dioxide concentration of 566 ± 13.9 ppm (1,019 ± 

25.1 mg/m3) in ambient air. Calculation showed that the amounts of carbon dioxide 
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gained from fish feeding and basic respiration were 3.33 to 4.92 g and 12.03 to 15.24 

g over the 8-days fish cultivating period, respectively, for this particular fish biomass 

(i.e., 3 kg/m3). This corresponded to the total carbon dioxide production rate of 458.54 

g/daykg-feed. The cultivation of S. armatus using the captured carbon dioxide from 

fish tank resulted in higher cell number density than the cultivation using ambient air.  

Therefore, it can be concluded that elevated carbon dioxide concentration could be 

obtained from recirculating aquaculture system and was effective for microalgal 

cultivation relative to supplying ambient air. 

(3) Recirculating aquaculture system consisting of fish tank and solid 

separating unit was effective in maintaining suspended solids, ammonia and nitrite 

within the acceptable range for tilapia cultivation. For fish biomass at 10 kg/m3, 

nitrate concentration in the effluent of solid separating unit were relatively constant, 

with the average value at 45.3 ± 2.61 mg N/L. This observation was linked to 

denitrification that occurred in anaerobic region of biofilm or within sediment layer 

on tank floor.  Increasing fish biomass in tank from 3, 5 to 10 kg/m3 resulted in higher 

carbon dioxide concentration in the outlet of fish tank.  Carbon dioxide concentration 

in fish tank outlet were measured at 1,618 ± 398 ppm for the biomass of 10 kg/m3. 

The obtained carbon dioxide was approximately 2-folds higher in concentration than 

those from the outlet of fish tank when maintaining lower fish biomass at 3 and 5 

kg/m3. Nitrate and carbon dioxide from 10 kg/m3 fish biomass were used to cultivate 

S. armatus in bubble column photobioreactors and found that it yielded higher growth 

than the cultivation using ambient air. This was in contrast to the results when 

maintaining lower fish biomass at 3 and 5 kg/m3 that yielded comparable growth 

between treatments supplying carbon dioxide from fish tank and ambient air. 

(4) Results of carbon and nitrogen mass balance calculation of tilapia 

cultivation in recirculating aquaculture system found that only 15.86% of carbon and 

15.04% of nitrogen from feed were transferred to carbon and nitrogen in fish biomass, 

whereas the major fraction (54.7% to 73.5%) of carbon from feed was converted to 

carbon dioxide. 

(5) Results of carbon mass balance calculation indicated that carbon 

dioxide was the major carbon input during microalgal cultivation, accounting for 

98.86% to 99.41% of the total carbon input.  Carbon dioxide was still the highest 
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fraction of carbon output for microalgal cultivation, accounting for 37.77% to 

66.94%. However, the fraction of carbon in microalgae was only 2.69% to 3.87%, 

implying that for this work microalgal cultivation was ineffective for carbon recovery 

and the process needed further optimization to improve efficiency. Results of nitrogen 

mass balance calculation indicated that nitrogen input was almost entirely nitrate 

(90.03% to 91.96%) while the remaining fraction was the initial biomass of 

microalgae. For nitrogen output, microalgal growth increased nitrogen fraction to 

about 39.34% to 76.64% while the remaining nitrate after consumption was still a 

major portion ranged from 14.66% to 50.94%. 

  

5.2. Suggestion for future works 

 

(1) More efficient liquid mixing and oxygen transfer in solid separating 

unit should be explored to improve nitrate production and reduce the likelihood of 

denitrification occurring in the system. Suitable range of suspended solid should be 

identified for higher fish biomass to balance energy requirement and nitrification 

effectiveness. The excessed solids should be periodically removed from the solid 

separating unit and identified the utilization method, for example using as substrates 

for digestion to produce additional carbon dioxide to be used during microalgal 

cultivation or undergoing fermentation to produce intermediates for high-value 

products. 

(2) Results of carbon mass balance indicated that solid separating unit 

generated significant amount of carbon dioxide, which can be combined with carbon 

dioxide from fish tank.  As a result, optimal operating condition of solid separating 

unit must be determined to lessen the dilution effect from high volumetric flow rate, 

such as reducing the aeration just enough to maintain adequate oxygen for complete 

nitrification. 

(3)  Optimization of cultured condition for microalgae should be conducted 

to improve carbon dioxide utilization. Moreover, exploring other photosynthetic 

processes (e.g. aquaponic or greenhouse planting) to be used in parallel to microalgal 

cultivation should be considered as significant amount of carbon dioxide from 

recirculating aquaculture system remained unused. 
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(4) Continuous or semi-batch microalgal cultivation should be considered 

to increase waste utilization, and hence improving biomass productivity. Remaining 

water after harvesting microalgal biomass can be recirculated to fish tank or solids 

separating unit to ensure the zero-discharge concept. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

REFE REN CES 
 

REFERENCES 
 

 

1. Boyd, C.E. and C.S. Tucker, Handbook for Aquaculture Water Quality. 2015: 

C.E. Boyd & Assoc. Incorporated. 

2. EPI. Global Assessment of Closed System Aquaculture. 2008  [cited 2018 20 

Oct]; Available from: https://davidsuzuki.org/wp-content/uploads/2008/05/ 

global-assessment-closed-system-aquaculture.pdf. 

3. Nimrat, S. and V. Vuthiphandchai, Aquacultural sustainability: Role of 

microorganisms and the application. 2009, Bangkok: Chulalongkorn University 

Press. 

4. Crab, R., et al., Nitrogen removal techniques in aquaculture for a sustainable 

production. Aquaculture, 2007. 270(1): p. 1-14. 

5. Lawson, T.B., Fundamentals of aquacultural engineering. 1995, New York: 

Chapman & Hall. 

6. Avnimelech, Y., Carbon/nitrogen ratio as a control element in aquaculture 

systems. Aquaculture, 1999. 176(3): p. 227-235. 

7. Nelson, R.L. and J.S. Pade, Aquaponic Food Production: Growing Fish and 

Vegetables for Food and Profit. 2008: Nelson and Pade, Incorporated. 

8. Ansari, F.A., et al., Microalgal cultivation using aquaculture wastewater: 

Integrated biomass generation and nutrient remediation. Algal Research, 2017. 

21: p. 169-177. 

9. Srinakorn, P., et al., Treatment of Marine Shrimp Culture Pond Sediment by 

Anaerobic Digestion Process. JOURNAL OF ENVIRONMENTAL 

MANAGEMENT, 2011. 7(2): p. 10-21. 

10. Timmons, M., et al., Recirculating Aquaculture System. 2002, New York: 

CAYUGA AQUA VENTURES. 

11. Jiwyam, W., Foundation of Aquaculture and Water Quality Management. 2018, 

Bangkok: Chulalongkorn University Press. 

12. Yogev, U., et al., Nitrogen and carbon balance in a novel near-zero water 

exchange saline recirculating aquaculture system. Aquaculture, 2017. 467: p. 

118-126. 

13. Falkowski, P.G. and J.A. Raven, Aquatic Photosynthesis (Second Edition). STU 

- Student edition ed. 2007: Princeton University Press. 

14. Kloas, W., et al., A new concept for aquaponic systems to improve sustainability, 

increase productivity, and reduce environmental impacts. Aquaculture 

Environment Interactions, 2015. 7(2): p. 179-192. 

15. Cabello, J., M. Morales, and S. Revah, Carbon dioxide consumption of the 

microalga Scenedesmus obtusiusculus under transient inlet CO2 concentration 

variations. Science of The Total Environment, 2017. 584-585: p. 1310-1316. 

16. Dufossé, L., et al., Microorganisms and microalgae as sources of pigments for 

food use: a scientific oddity or an industrial reality? Trends in Food Science & 

Technology, 2005. 16(9): p. 389-406. 

17. Davis, R., A. Aden, and P.T. Pienkos, Techno-economic analysis of autotrophic 

microalgae for fuel production. Applied Energy, 2011. 88(10): p. 3524-3531. 

18. Avnimelech, Y., Biofloc Technology A Practical Guidebook. 3 ed. 2017, 

Bangkok: Extension and training Office, Kasetsart University. 

19. Swingle, H.S., G.N. Greene, and R.T. Lovell, Methods of analysis for waters, 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

97 

 

organic matter, and pond bottom soils used in fisheries research. 1969 revision 

by G.N. Greene, R.T. Lovell. ed. 1969, Auburn: Auburn University. 

20. Boyd, C.E., Water quality in warmwater fish ponds. 1979: Auburn University, 

Agricultural Experiment Station. 

21. Summerfelt, S.T., J. Bebak-Williams, and S. Tsukuda, Controlled systems: 

water reuse and recirculation. 2 ed. Fish Hatchery Management, ed. G. 

Wedemeyer. 2001, Maryland: American Fisheries Society, Bethesda. 

22. Ebeling, J.M. and M.B. Timmons, Recirculating Aquaculture Systems, in 

Aquaculture Production Systems, J.H. Tidwell, Editor. 2012. p. 245-277. 

23. Xing, W., et al., 1 - Oxygen Solubility, Diffusion Coefficient, and Solution 

Viscosity, in Rotating Electrode Methods and Oxygen Reduction 

Electrocatalysts, W. Xing, G. Yin, and J. Zhang, Editors. 2014, Elsevier: 

Amsterdam. p. 1-31. 

24. Colt, J. and G. Tchobanoglous, Evaluation of the short-term toxicity of 

nitrogenous compounds to channel catfish, Ictalurus punctatus. Aquaculture, 

1976. 8(3): p. 209-224. 

25. Tomasso, J.R., B.A. Simco, and K.B. Davis, Chloride inhibition of nitrite-

induced methemoglobinemia in channel catfish (Ictalurus punctatus). Journal of 

the Fisheries Research Board of Canada, 1979. 36(9): p. 1141-1144. 

26. Haug, R.T. and P.L. McCarty, Nitrification with Submerged Filters. Journal 

(Water Pollution Control Federation), 1972. 44(11): p. 2086-2102. 

27. Meade, J.W., Allowable Ammonia for Fish Culture. The Progressive Fish-

Culturist, 1985. 47(3): p. 135-145. 

28. Bernhard, A., The Nitrogen Cycle: Processes, Players, and Human Impact. 

Nature Education Knowledge, 2010. 3(10): p. 25. 

29. Ebeling, J.M., M.B. Timmons, and J.J. Bisogni, Engineering analysis of the 

stoichiometry of photoautotrophic, autotrophic, and heterotrophic removal of 

ammonia–nitrogen in aquaculture systems. Aquaculture, 2006. 257(1): p. 346-

358. 

30. Nootong, K., S. Nurit, and S. Powtongsook, Control of Inorganic Nitrogen and 

Suspended Solids Concentrations in a Land-Based Recirculating Aquaculture 

System. Engineering Journal, 2013. 17: p. 49-59. 

31. Zumft, W.G., Cell biology and molecular basis of denitrification. Microbiol Mol 

Biol Rev, 1997. 61(4): p. 533-616. 

32. Picker, M.D. and C.L. Griffiths, Alien and Invasive Animals – A South African 

Perspective. 2011, Cape Town: Random house Struik. 

33. FAO. Cultured Aquatic Species Information Programme. Oreochromis niloticus. 

2005. 

34. CABI, Oreochromis niloticus. Invasive Species Compendium. 2019, 

Wallingford. UK: CAB International. 

35. Tivananthakorn, S., Suspended Solids Filtration for Recirculating Aquaculture 

System using Inclined Screen Filter. 2013, Master’s thesis: Department of 

Environmental Engineering, Faculty of Engineering, Chulalongkorn University. 

36. Aumnongpho, K., Development of Aeration Assisted Mixing Vertical Screen 

Solid Separating Unit for Recirculating Aquaculture System. 2015, Master’s 

thesis: Environmental Engineering, Faculty of Engineering, Chulalongkorn 

University. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

98 

 

37. Chislock, M.F., et al., Eutrophication: Causes, consequences, and controls in 

aquatic ecosystems. Nature Education Knowledge, 2013. 4. 

38. Bregnballe, J., Eurofish, and Fao, A guide to recirculation aquaculture : an 

introduction to the new environmentally friendly and highly productive closed 

fish farming systems. 2015, Copenhagen: Food and Agriculture Organization of 

the United Nations. 

39. IPCC, Climate Change 2014: Mitigation of Climate Change. Contribution of 

Working Group III to the Fifth Assessment Report of the Intergovernmental 

Panel on Climate Change. 2014, Cambridge, UK and New York, USA: 

Cambridge University Press. 

40. Peerapornpisal, Y., Freshwater Algae in Thailand. 2 ed. 2013, Chiang Mai: 

Department of Biology, Faculty of Science, Chiang Mai University. 

41. Mandal, S. and N. Mallick, Biodiesel production by the green microalga 

Scenedesmus obliquus in a recirculatory aquaculture system. Applied and 

environmental microbiology, 2012. 78(16): p. 5929-5934. 

42. Guedes, A.C., et al., Supercritical fluid extraction of carotenoids and 

chlorophylls a, b and c, from a wild strain of Scenedesmus obliquus for use in 

food processing. Journal of Food Engineering, 2013. 116(2): p. 478-482. 

43. Álvarez-Díaz, P.D., et al., Wastewater treatment and biodiesel production by 

Scenedesmus obliquus in a two-stage cultivation process. Bioresource 

Technology, 2015. 181: p. 90-96. 

44. Dortch, Q., The Interaction Between Ammonium and Nitrate Uptake in 

Phytoplankton. Marine Ecology-progress Series - MAR ECOL-PROGR SER, 

1990. 61: p. 183-201. 

45. McCarthy, J.J., Wynne.D., and Berman.T., The Uptake of Dissolved Nitrogenous 

Nutrients by Lake Kinnert (Isrel) Microplankton. The American Society of 

Limnology and Oceanography, 1982. 27(4): p. 673-680. 

46. Ho, S.-H., et al., Effects of nitrogen source availability and bioreactor operating 

strategies on lutein production with Scenedesmus obliquus FSP-3. Bioresource 

Technology, 2015. 184: p. 131-138. 

47. Martínez, M.E., J.M. Jiménez, and F. El Yousfi, Influence of phosphorus 

concentration and temperature on growth and phosphorus uptake by the 

microalga Scenedesmus obliquus. Bioresource Technology, 1999. 67(3): p. 233-

240. 

48. Mandotra, S.K., et al., Evaluation of fatty acid profile and biodiesel properties of 

microalga Scenedesmus abundans under the influence of phosphorus, pH and 

light intensities. Bioresour Technol, 2016. 201: p. 222-9. 

49. Roach, T. and A. Krieger-Liszkay, Regulation of photosynthetic electron 

transport and photoinhibition. Curr Protein Pept Sci, 2014. 15(4): p. 351-62. 

50. Fontoura, J.T., et al., Influence of light intensity and tannery wastewater 

concentration on biomass production and nutrient removal by microalgae 

Scenedesmus sp. Process Safety and Environmental Protection, 2017. 111: p. 

355-362. 

51. Sittplangkoon, P., Efficiency of inorganic nitrogen treatment of biological sludge 

from biofloc aquaculture system. 2013, Master’s thesis: Department of 

Environmental Engineering, Faculty of Engineering, Chulalongkorn University. 

52. Kunwong, S., Efficiency of Separated Biofloc Reactor in Water Quality Control 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

99 

 

of Closed Recirculating Aquaculture System. 2016, Master’s thesis: Department 

of Environmental Engineering, Faculty of Engineering, Chulalongkorn 

University. 

53. Nurit, S., Development of solid separating unit and the effect of solid to water 

quality in closed aquaculture system. 2012, Master’s thesis: Department of 

Chemical Engineering, Faculty of Engineering, Chulalongkorn University. 

54. Neori, A., M.D. Krom, and J.v. Rijn, Biogeochemical processes in intensive 

zero-effluent marine fish culture with recirculating aerobic and anaerobic 

biofilters. Journal of Experimental Marine Biology and Ecology, 2007. 349(2): 

p. 235-247. 

55. Kuo, C.-M., et al., Simultaneous microalgal biomass production and CO2 

fixation by cultivating Chlorella sp. GD with aquaculture wastewater and boiler 

flue gas. Bioresource Technology, 2016. 221: p. 241-250. 

56. Wannachod, T., et al., Photoautotrophic cultivating options of freshwater green 

microalgal Chlorococcum humicola for biomass and carotenoid production. 

Preparative Biochemistry & Biotechnology, 2018. 48(4): p. 335-342. 

57. Stanier, R.Y., et al., Purification and properties of unicellular blue-green algae 

(order Chroococcales). Bacteriological reviews, 1971. 35(2): p. 171-205. 

58. Barker, D., Allan, G.L., Rowland, S.J., Kennedy, J.D. and Pickles, J.M., A guide 

to acceptable procedures and practices for aquaculture and fisheries research. 3 

ed. 2009, New South Wales: Department of Industry and Investment (Industry & 

Investment NSW). 

59. American Public Health, A., et al., Standard methods for the examination of 

water and wastewater. 21st ed. ed. 2005, Washington, D.C.: APHA-AWWA-

WEF. 

60. Bower, C.E. and T. Holm-Hansen, A Salicylate–Hypochlorite Method for 

Determining Ammonia in Seawater. Canadian Journal of Fisheries and Aquatic 

Sciences, 1980. 37(5): p. 794-798. 

61. Strickland, J.D.H., T.R. Parsons, and C. Fisheries Research Board of, A practical 

handbook of seawater analysis. Second edition. ed. Bulletin ; 167. 1972, Ottawa: 

Fisheries Research Board of Canada. 

62. Montgomery, D.C., G.C. Runger, and N.F. Hubele, Engineering statistics. 1998, 

New York: Wiley. 

63. Wannasutthiwat, S., Growth and enhancement of carotenoids production in 

microalga Chlorococcum humicola in continuous cultivation. 2014, Master’s 

thesis: Department of Chemical Engineering, Faculty of Engineering, 

Chulalongkorn University. 

64. Gao, F., et al., Continuous microalgae cultivation in aquaculture wastewater by 

a membrane photobioreactor for biomass production and nutrients removal. 

Ecological Engineering, 2016. 92: p. 55-61. 

65. Redfield, A.C., The biological control of chemical factors in the environment. 

Science progress, 1960. 11: p. 150-170. 

66. Habibi, A., et al., A Novel Open Raceway Pond Design for Microalgae Growth 

and Nutrients Removal from Treated Slaughterhouse Wastewater. Pollution, 

2018. 4: p. 103-110. 

67. Xin, L., et al., Growth and nutrient removal properties of a freshwater 

microalga Scenedesmus sp. LX1 under different kinds of nitrogen sources. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

100 

 

Ecological Engineering, 2010. 36: p. 379-381. 

68. Ram, S., C. Paliwal, and S. Mishra, Growth medium and nitrogen stress sparked 

biochemical and carotenogenic alterations in Scenedesmus sp. CCNM 1028. 

Bioresource Technology Reports, 2019. 7: p. 100194. 

69. Sander, R., Compilation of Henry's law constants (version 4.0) for water as 

solvent. Atmos. Chem. Phys., 2015. 15(8): p. 4399-4981. 

70. Hargreaves, J.a.B., M.W., Carbon Dioxide in Fish Ponds. Southern Regional 

Aquaculture Center Publication, 1996. 468: p. 1-6. 

71. Thielmann, J., et al., Two Systems for Concentrating CO(2) and Bicarbonate 

during Photosynthesis by Scenedesmus. Plant physiology, 1990. 92(3): p. 622-

629. 

72. Azov, Y., Effect of pH on Inorganic Carbon Uptake in Algal Cultures. Appl 

Environ Microbiol, 1982. 43(6): p. 1300-6. 

73. Nootong, K. and S. Powtongsook, Performance evaluation of the compact 

aquaculture system integrating submerged fibrous nitrifying biofilters. 

Songklanakarin Journal of Science and Technology, 2012. 34. 

74. Kutako, M. and K. Nootong, Evaluation of upflow hybrid bioreactor system for 

treating low-strength nitrogenous wastewater under Low-Shear environment. 

Songklanakarin Journal of Science and Technology, 2015. 37: p. 73-80. 

75. Al-Hafedh, Y. and A. Alam, Design and Performance of an Indigenous Water 

Recirculating Aquaculture System for Intensive Production of Nile Tilapia, 

Oreochromis niloticus (L.), in Saudi Arabia. International J. Recirculating 

Aquaculture, 2007. 8: p. 1-19. 

76. Sesuk, T., S. Powtongsook, and K. Nootong, Inorganic nitrogen control in a 

novel zero-water exchanged aquaculture system integrated with airlift-

submerged fibrous nitrifying biofilters. Bioresource Technology, 2009. 100(6): 

p. 2088-2094. 

77. Gullian Klanian, M. and C. Adame, Performance of Nile tilapia O. niloticus 

fingerlings in a hyper-intensive recirculating aquaculture system with low 

water-exchange. Latin American Journal of Aquatic Research, 2013. 41: p. 150-

162. 

78. Nootong, K., P. Pavasant, and S. Powtongsook, Effects of Organic Carbon 

Addition in Controlling Inorganic Nitrogen Concentrations in a Biofloc System. 

Journal of the World Aquaculture Society, 2011. 42(3): p. 339-346. 

79. Daniels, H.V. and C.E. Boyd, Chemical Budgets for Polyethylene-lined, 

Brackishwater Ponds. Journal of the World Aquaculture Society, 1989. 20(2): p. 

53-60. 

80. Thakur, D. and C.K. Lin, Water Quality and Nutrient Budget in Closed Shrimp 

(Penaeus monodon) Culture Systems. Aquacultural Engineering, 2003. 27: p. 

159-176. 

81. Fox, J.M., Intensive algal culture techniques, in CRC Handbook of mariculture, 

J.P. McVey, Editor. 1983, CRC Press: Boca Raton, Florida, USA. 

82. Jeffrey, S.W., et al., Phytoplankton Pigments in Oceanography: Guidelines to 

Modern Methods. 1997: UNESCO Publishing. 

 
 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

101 

 

 

 

 

 

 

 

 

 

 

 

Appendix  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

102 

Appendix A 

 

A1. BG-11 medium recipe (Stainier et al., 1971) 

 

Stocks Per 500 mL 

1. NaNO3 75.0 g 

 Per 500 mL 

2. K2HPO4 2.0 g 

3. MgSO4·7H2O 3.75 g 

4. CaCl2·2H2O 1.80 g 

5. Citric acid 0.30 g 

6. Ammonium ferric citrate green 0.30 g 

7. Na2EDTA 0.05 g 

8. Na2CO3 1.00 g 

  

9. Trace metal solution Per 1 L 

9.1. H3BO3 2.86 g 

9.2. MnCl2·4H2O 1.81 g 

9.3. ZnSO4·7H2O 0.22 g 

9.4. Na2MoO4·2H2O 0.39 g 

9.5. CuSO4·5H2O 0.08 g 

9.6. Co (NO3)2·6H2O 0.05 g 

Medium Per 1 L 

- Stock solution 1 – 8 10.0 mL each 

- Stock solution 9 1.0 mL 

 

Make up to 1 litre with deionized water. Adjust pH to 7.1 with 1M NaOH or 

HCl. Autoclave at 15 psi for 15 minutes.  
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Appendix B 

 

B1. Cells numbers density analysis with Haemacytometer [81] 

 

Analysis procedure 

 The haemacytometer was used for counting the Scenedesmus armatus cells 

number through the view from light microscope using 10 – 40 x objective lens. There 

was gridded area of the hemocytometer that consists of nine 1 x 1 mm (1 mm2) 

squares as in Fig B1. The cells counting procedure was started when place the cover 

glass on 2 mounting support of haemacytometer. Then fill the microalgal cells 

suspension into haemacytometer at the edge of the cover glass. The cell suspension 

was sucked into the void by capillary action which completely fills the chamber with 

the sample. The number of cells in the chamber can be determined by direct counting 

the cells within 1 mm2 squares at gridded area. The void between cover glass and 

haemacytometer was 0.1 mm thickness that made each 1 mm2 squares at gridded area 

contain 10-4 mL suspension volume. The cells numbers density could analyze from 

the equation below. 

 

𝐶𝑒𝑙𝑙𝑠 𝑛𝑢𝑚𝑏𝑒𝑟 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 (
𝐶𝑒𝑙𝑙𝑠

𝑚𝐿
) =

(𝑁𝐶(𝑐𝑒𝑙𝑙𝑠) × 𝑁𝑆𝑞)

10−4𝑚𝐿
 

 Where   NC  = Number of counted cells (cells) 

   NSq  = Number of squares 

 

 

Figure B1 Feature of haemacytometer 

Source : http://www.odec.ca/projects/2013/beso13s/images/haemgrid_1_2_3[1].jpg 
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B2. Analysis of total ammonia nitrogen concentration 

 

The method that was used in this study was applied from salicylate-

hypochlorite method [60] that had procedure as follow. 

 

Reagent preparation 

1. Salicylate-catalyst solution 

Dissolved 440 g sodium salicylate and 0.28 g sodium nitroprusside 

dehydrate in ammonia-free water and diluted to 1 L with ammonia-free water. 

Stored this reagent in a light-resistant container at temperature below 5 oC. 

 

2. Alkaline citrate solution 

Dissolved 18.5 g sodium hydroxide and 100 g sodium citrate dehydrate 

in ammonia-free water and adjusted the volume of solution to 1 L with 

ammonia-free water. Stored this reagent in a light-resistant container at 

temperature below 5 oC. 

 

3. Sodium hypochlorite solution 

The commercial 1.5 N Sodium hypochlorite solution could be use as 

this reagent. 

 

4. Alkaline-hypochlorite solution 

Mixed the Alkaline citrate solution with Sodium hypochlorite solution 

at the ratio of 1:9. This reagent could be used within 1 hour after preparation. 

 

Analysis procedure 

The water samples with the volume at least 15 mL had to be filtrated with 

Whatman GF/C filter. After that, the samples should be instantly analyzed or store 

them at temperature below -20oC if the analysis can’t be performed right now. 

The analysis will begin when the 5 mL water sample was mixed with 0.6 mL 

Salicylate-catalyst solution and 1.0 mL Alkaline-hypochlorite solution in test tube, 
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respectively. This solution was completely mix with vortex mixer and was stored in 

the dark for 1-3 hours. The ammonia-free water was mixed with these reagents and 

was stored in the same condition for using as blank. The sample was measured the 

absorbance at 660 nm with spectrophotometer. The absorbance from sample was 

compared with absorbance from analysis of standard ammonia solutions which had 

total ammonia concentrations of 0.01, 0.05, 0.1, 0.5 and 1 mg N/L, respectively. 

These standard solutions could be prepared by diluting the 100 mg N/L stock 

ammonia solution with ammonia-free water. The relative graph between total 

ammonia nitrogen concentrations and absorbances was showed in Fig B2. 

 

 

Fig B2 Relative graph between total ammonia nitrogen concentrations and 

absorbances at 660 nm 
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B3. Analysis of nitrite concentration 

 

The method that was used in this study was applied from 4500-NO2
- B. 

Colorimetric method [59] that had procedure as follow. 

 

Reagent preparation 

1. Sulfanilamide solution 

Dissolved 5 g Sulfanilamide in 50 mL Concentrated hydrochloric acid 

and diluted to 1 L with deionized water. Stored this reagent in a light-resistant 

container at temperature below 5 oC. 

 

2. Naphthylethylenediamine solution (NED) 

Dissolved 0.5 g N-(1-Naphthyl)ethylenediamine in deionized water 

and adjusted the volume of solution to 500 mL with this water. Stored this 

reagent in a light-resistant container at temperature below 5 oC. 

 

Analysis procedure 

The water samples with the volume at least 15 mL had to be filtrated with 

Whatman GF/C filter. After that, the samples should be instantly analyzed or store 

them at temperature below -20oC if the analysis can’t be performed right now. 

The analysis will begin when the 5 mL water sample was mixed with 0.1 mL 

Sulfanilamide solution in test tube and was completely mixed with vortex mixer. The 

solution should be waited for 2-10 minutes after that mixer this solution with 0.1 mL 

Naphthylethylenediamine solution then completely mixed this solution and wait for  

30-120 minutes. The deionized water was mixed with these reagents and was stored in 

the same condition for using as blank. The sample was measured the absorbance at 

543 nm with spectrophotometer. The absorbance from sample was compared with 

absorbance from analysis of standard nitrite solutions which had total nitrite 

concentrations of 0.01, 0.05, 0.1, 0.5 and 1 mg N/L, respectively. These standard 

solutions could be prepared by diluting the 100 mg N/L stock nitrite solution with 

deionized water. The relative graph between nitrite concentrations and absorbances 

was showed in Fig B3. 
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Fig B3 Relative graph between nitrite concentrations and absorbances at 543 nm 
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B4. Analysis of nitrate concentration 

 

The method that was used in this study was applied from 4500-NO3
- B.  

UV-screening method [59] that had procedure as follow. 

 

Analysis procedure 

The water samples with the volume at least 15 mL had to be filtrated with 

Whatman GF/C filter. After that, the samples should be instantly analyzed or store 

them at temperature below -20oC if the analysis can’t be performed right now. 

The analysis will begin when the water sample was measured the absorbance 

at 220 nm and 275 nm with spectrophotometer. The deionized water was used as 

blank in this analysis. The different value between absorbance at 220 nm and 

absorbance at 275 nm from sample was compared with The different value between 

absorbance at 220 nm and absorbance at 275 nm from analysis of standard nitrate 

solutions which had total nitrate concentrations of 1, 3, 5 and 7 mg N/L, respectively. 

These standard solutions could be prepared by diluting the 100 mg N/L stock nitrate 

solution with deionized water. The relative graph between nitrate concentrations and 

absorbances was showed in Fig B3. 

 

Fig B4 Relative graph between nitrate concentrations and different values between 

absorbance at 220 nm and absorbance at 275 nm 
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The method that was used in this study was applied from 4500-P E. ascorbic 

acid method [59] that had procedure as follow. 

 

Reagent preparation 

1. Ammonium molybdate solution 

Dissolved 15 g sodium salicylate in deionized water and diluted to 500 

mL with deionized water. Stored this reagent in a light-resistant container at 

temperature below 5 oC. 

 

2. Sulfuric acid solution 

Dilute 140 mL of Concentrated sulfuric acid with 900 mL deionized 

water. Stored this reagent in a glass container at temperature below 5 oC. 

 

3. Ascorbic acid solution 

Dissolved 27 g ascorbic acid in deionized water and diluted to 500 mL 

with deionized water. Stored this reagent in a light-resistant container at 

temperature below 5 oC. 

 

4. Potassium antimony tartrate solution 

Dissolved 0.34 g potassium antimony tartrate in deionized water and 

diluted to 250 mL with deionized water. Stored this reagent in a light-resistant 

container at temperature below 5 oC. 

 

5. Mix reagent 

Mix the Ammonium molybdate solution, Sulfuric acid solution, 

Ascorbic acid solution and potassium antimony tartrate solution together with 

the ratio of 2 mL :5 mL :2 mL:1 mL for preparing 10 mL Mix reagent. This 

reagent could be used within 2 hours after preparation. 

 

 

Analysis procedure 
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The water samples with the volume at least 15 mL has to be filtrated with 

Whatman GF/C filter. After that, the samples should be instantly analyzed or store 

them at temperature below -20oC if the analysis can’t be performed right now. 

The analysis will begin when the 5 mL water sample was mixed with 0.5 mL Mix 

reagent. This solution was completely mix with vortex mixer and was stored in the 

dark for 30 minutes to 2 hours. The deionized water was mixed with this Mix reagent 

and was stored in the same condition for using as blank. The sample was measured 

the absorbance at 885 nm with spectrophotometer. The absorbance from sample was 

compared with absorbance from analysis of standard phosphate solutions which had 

phosphate concentration of 0.01, 0.05, 0.1, 0.5 and 1 mg P/L, respectively. These 

standard solutions could be prepared by diluting the 100 mg P/L stock ammonia 

solution with ammonia-free water. The relative graph between total ammonia nitrogen 

concentrations and absorbances was showed in Fig B5. 

 

Fig B5 Relative graph between phosphate concentrations and absorbances at 885 nm 
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B6. Analysis of Total suspended solids concentration 

 

Analysis procedure 

The method that was used in this study was applied from 2540 B. Total 

suspended solids method [59] that had procedure as follow.  

47 mm diameter GF/C filter was dried with hot air oven using the temperature of 103 

- 105 oC at least 1 hours. After that keep this dried GF/C filter in desiccator before 

weighing it with 4-digit Analytical Balance when the temperature of this filter was 

equal to ambient temperature. Collect the weight of this GF/C filter (B). Then, this 

GF/C filter was used to filtrate the suspended solids inside the known volume water 

sample by using the vacuum flask and vacuum pump. After the filtration, GF/C paper 

with suspended solid on it was dried with hot air oven using the temperature of 103 - 

105 oC at least 1 hours and keep this GF/C paper in desiccator after drying. Weigh 

this GF/C filter again with with 4-digit Analytical Balance and collect the weight of 

GF/C filter with suspended solids (A). Calculate the total suspended solids with the 

equation below. 

𝑇𝑆𝑆 (
𝑚𝑔

𝐿
) =

[(𝐴(𝑚𝑔) − 𝐵(𝑚𝑔)] × 1,000(
𝑚𝐿
𝐿 )

𝑉(𝑚𝐿)
 

 

 Where  TSS = Total suspended solids (mg/L) 

A  = Weight of GF/C filter with suspended solids (mg) 

   B = Weight of GF/C filter before filtration (mg) 

   V = Volume of sample (mL) 

 

B7. Analysis of total amount of suspended solid and percentage of solids 

retention 

  

The total amounts of suspended solid in each unit (i.e., fish tank and 

suspended solid separating unit) were calculated using their final total suspended 

solids concentration and their working volume as the following equations. 
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𝑇𝐴𝑆𝐹𝑇 (𝑚𝑔) = 𝑓𝑖𝑛𝑎𝑙𝑇𝑆𝑆𝐹𝑇 (
𝑚𝑔

𝐿
) × 54 𝐿 

 

𝑇𝐴𝑆𝑆𝑈1 (𝑚𝑔) = 𝑓𝑖𝑛𝑎𝑙𝑇𝑆𝑆𝑆𝑈1 (
𝑚𝑔

𝐿
) × 27 𝐿 

 

𝑇𝐴𝑆𝑆𝑈2 (𝑚𝑔) = 𝑓𝑖𝑛𝑎𝑙𝑇𝑆𝑆𝑆𝑈2 (
𝑚𝑔

𝐿
) × 27 𝐿 

 

𝑇𝐴𝑆𝑅𝐴𝑆 (𝑚𝑔) = 𝑇𝐴𝑆𝐹𝑇(𝑚𝑔) + 𝑇𝐴𝑆𝑆𝑈1(𝑚𝑔) + 𝑇𝐴𝑆𝑆𝑈2 (𝑚𝑔) 

 

 

Where   TASFT  = Total amounts of suspended solid in fish tank (mg) 

 TASSU1 = Total amounts of suspended solid in the 1st 

chamber of solid separating unit (mg) 

 TASSU2 = Total amounts of suspended solid in the 2nd 

chamber of solid separating unit (mg) 

 TASRAS = Total amounts of suspended solid in 

recirculating aquaculture system (mg) 

Final TSSFT = Total suspended solids concentration in fish 

tank at day 8 (mg/L) 

 Final TSSSU1 = Total amounts of suspended solid in the 1st 

chamber of solid separating unit at day 8 

(mg/L) 

 Final TSSSU2 = Total amounts of suspended solid in the 2nd 

chamber of solid separating unit at day 8 

(mg/L) 

The total amounts of suspended solid in solid separating unit was compared 

with total amounts of suspended solid in recirculating aquaculture system for finding 

the percentage of solids retention in solid separating unit as the following equation. 

 

𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑠𝑜𝑙𝑖𝑑𝑠 𝑟𝑒𝑡𝑒𝑛𝑡𝑖𝑜𝑛 =
𝑇𝐴𝑆𝑆𝑈1 + 𝑇𝐴𝑆𝑆𝑈2

𝑇𝐴𝑆𝑅𝐴𝑆
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B8. Analysis of total alkalinity  

 

The method that was used in this study was applied from 2320 B. titration 

method [59] that had procedure as follow. 

 

Reagent preparation 

1. Sodium carbonate solution, approximately 0.05N 

Dry 3 to 5 g primary standard Na2CO3 at 250°C for 4 h and cool in a 

desiccator. Weigh 2.5 ± 0.2 g (to the nearest mg), transfer to a 1-L volumetric 

flask, fill flask to the mark with distilled water, and dissolve and mix reagent. 

Do not keep longer than 1 week. 

 

2. Standard sulfuric acid solution 0.1000 N 

Prepare acid solution of approximate normality as indicated under 

Preparation of Desk Reagents. Standardize against 40.00 mL 0.05N Sodium 

carbonate solution, with about 60 mL water, in a beaker by titrating 

potentiometrically to pH of about 5. Lift out electrodes, rinse into the same 

beaker, and boil gently for 3 to 5 min under a watch glass cover. Cool to room 

temperature, rinse cover glass into beaker, and finish titrating to the pH 

inflection point. Calculate normality: 

𝑁 =
(𝑀 × 𝑉)

(53.00 × 𝐶)
 

 

where  M  = Na2CO3 weighed into 1-L flask (g) 

   V  = Na2CO3 solution taken for titration (mL) 

C  = Acid used (mL) 

 

3. Standard sulfuric acid, 0.02N 

Dilute 200.00 mL 0.1000 N standard acid to 1,000 mL with distilled or 

deionized water. Standardize by potentiometric titration of 15.00 mL 0.05N 

Na2CO3 according to the procedure of Standard sulfuric acid 0.1000 N 

preparation; 1 mL = 1.00 mg CaCO3. 
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4. Methyl orange indicator solution, pH 4.4 indicator 

Dissolve 500 mg methyl orange, in distilled water and adjust the 

solution’s volume to 100 mL with distilled water. 

 

5. Sodium thiosulfate solution, 0.1M 

Dissolve 25 g Na2S2O3⋅5H2O and dilute to 1,000 mL with distilled 

water. 

 

Analysis procedure 

The water samples with the volume at least 15 mL has to be filtrated with 

Whatman GF/C filter. After that, the samples should be instantly analyzed or store 

them at temperature below -20oC if the analysis can’t be performed right now. 

Adjust sample to room temperature, if necessary, and with a pipet discharge 

sample into an erlenmeyer flask, while keeping pipet tip near flask bottom. If free 

residual chlorine is present add 0.05 mL (1 drop) 0.1M Sodium thiosulfate solution or 

destroy with ultraviolet radiation. Add 0.2 mL(5 drops) methyl orange indicator 

solution and titrate over  to a persistent color change characteristic of the equivalence 

point.(pH = 4.4 Commercial indicator solutions or solids designated for the 

appropriate pH(4.4) may be used. Check color at end point by adding the same 

concentration of indicator used with sample to a buffer solution at the designated pH. 

The total alkalinity could calculate with the equation below. 

𝑇𝑜𝑡𝑎𝑙 𝑎𝑙𝑘𝑎𝑙𝑖𝑛𝑖𝑡𝑦(
𝑚𝑔 𝐶𝑎𝐶𝑂3

𝐿
) = (

𝐴 × 𝑁 × 50,000

𝑉
) 

Total alkalinity, mg CaCO3 / L = (A × N × 50,000) / mL sample 

 

Where   A  = Volume of standard acid used (mL) 

   N  = Normality of standard acid (N) 

   V = Volume of sample (mL) 
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B9. Calculation of dissolved carbon dioxide and dissolved inorganic carbon 

 

The dissolved carbon dioxide can compute from sample total alkalinity and 

pH base on 4500-CO2 D. Carbon Dioxide and Forms of Alkalinity by Calculation 

[59]. Total alkalinity that is allowed to use is due almost entirely to hydroxides, 

carbonates, or bicarbonates, and the total dissolved solids is not greater than500 mg/ 

L. The alkalinity forms and free CO2 can be calculated from the sample pH and total 

alkalinity with the following equation. 

a. Bicarbonate alkalinity: 

𝐻𝐶𝑂3
−𝑎𝑠 𝑚𝑔 𝐶𝑎𝐶𝑂3/𝐿 =

𝑇 − 5.0 × 10(𝑝𝐻−10)

1 + 0.94 × 10(𝑝𝐻−10)
 

where: 

T  =  total alkalinity, mg CaCO3/L 

 

b. Carbonate alkalinity: 

𝐶𝑂3
2−𝑎𝑠 𝑚𝑔 𝐶𝑎𝐶𝑂3/𝐿 = 0.94 × 𝐵 × 10(𝑝𝐻−10) 

where: 

B  = bicarbonate alkalinity, from a. 

 

c. Hydroxide alkalinity: 

𝑂𝐻−𝑎𝑠 𝑚𝑔 𝐶𝑎𝐶𝑂3/𝐿 = 5.0 × 10(𝑝𝐻−10) 

 

d. Free carbon dioxide: 

𝐷𝑖𝑠𝑠𝑜𝑙𝑣𝑒𝑑 𝐶𝑂2𝑎𝑠 𝑚𝑔 𝐶𝑂2/𝐿 = 2.0 × 𝐵 × 10(6−𝑝𝐻) 

where: 

B  =  bicarbonate alkalinity, from a. 

e. Dissolved inorganic carbon (DIC):  

𝐷𝐼𝐶 𝑎𝑠 𝑚𝑔 𝐶𝑂2/𝐿 = 𝐴 + 0.44(2𝐵 + 𝐶) 

where:  

A  =  mg free CO2/L 

B  =  bicarbonate alkalinity from a 

C  =  carbonate alkalinity from b. 
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B10. Chlorophyll-a and total carotenoids content analysis 

 

The method that was used in this study was applied from Spectrophotometric 

determination of Chlorophylls and Total Carotenoids [61] that had procedure as 

follow.  

 

Pigments extracted procedure 

5 mL of microalgal cells suspension was filled in 15 ml centrifuge tube and was 

separated the liquid out by centrifugation. Then, the microalgal cells was broken by 

homogenization in the dark and was extracted the pigments with 90% acetone. The 

extracted suspension was kept in refrigerator in completely darkness for 24 hours. After 

that the extracted suspension was centrifuged and separated the supernatant to analyze the 

pigments content. The remained microalgal cells was extracted again if there were some 

pigments left in microalgal cells and the supernatant from extraction was pooled together 

with the supernatant from the first extraction before analyzing the pigments content.  

 

Analysis procedure 

 The supernatant from extraction was measured the absorbance at 665,645, 630 

and 480 nm with spectrophotometer and using glass or quartz cuvette for 

measurement. Calculate the chlorophyll-a content and total carotenoid content by 

using the equation below. 

𝐶ℎ𝑙𝑜𝑟𝑜𝑝ℎ𝑦𝑙𝑙 − 𝑎 (
𝑚𝑔

𝑔
) =

(11.6𝐸665 − 1.31𝐸645 − 0.014𝐸630) × (
𝑉𝑎

𝑉𝑏
)

𝐷𝑊
 

𝑇𝑜𝑡𝑎𝑙 𝑐𝑎𝑟𝑜𝑡𝑒𝑛𝑜𝑖𝑑 (
𝑚𝑔

𝑔
) =

(4 × 𝐸480) × (
𝑉𝑎

𝑉𝑏
)

𝐷𝑊
 

 

Where E665, E645, E630 and E480 = Absorbance at 665,645, 630 and 480 nm 

  Va  = Volume of 90% acetone (mL) 

  Vb  = Volume of microalgal cells suspension (mL) 

  DW  = Cells dried weight of microalgal cells suspension (g/L) 
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B11. Carotenoids profile and lutein content analysis 

 

The method that was used in this study was applied from Spectrophotometric 

determination of Total Carotenoids [61] and pigment determination from the literature 

of Mantoura and Wrigh (1997) [82] that had procedure as follow.  

 

Pigments extracted procedure 

5 mL of microalgal cells suspension was filled in 15 ml centrifuge tube and 

was separated the liquid out by centrifugation. Then, the microalgal cells was broken 

by homogenization in the dark and was extracted the pigments with 90% acetone. The 

extracted suspension was kept in refrigerator in completely darkness for 24 hours. 

After that the extracted suspension was centrifuged and separated the supernatant then 

this supernatant was filtrate through 0.45 µm pore size Nylon membrane filter before 

analyzing the pigments profile and lutein content with High Performance Liquid 

Chromatography. The remained microalgal cells was extracted again if there were 

some pigments left in microalgal cells and the filtrated supernatant from extraction 

was pooled together with the supernatant from the first extraction before analyzing the 

pigments profile and lutein content. 

 

Mobile phase preparation 

The mobile phase that was used in High-Performance Liquid Chromatography 

(Shimadzu Model SPD-M20A ) was isocratic mobile phase that could prepare by 

filtrated the 1 mL deionized water, 100 mL HPLC grade methanol, 799 mL HPLC 

grade acetonitrile and 100 mL HPLC grade dichloromethane through 0.45 pore size 

membrane filter and mixed together in glass bottle. 

 

Analysis procedure 

 20 µL supernatant sample from extraction was fed in C18 column of High-

Performance Liquid Chromatography (Shimadzu Model SPD-M20A) with Diode 

Array Detector for detecting the chromatogram at 400 nm for 30 minutes. The type of 

carotenoids which were the peaks on chromatogram could determine by comparing the 

peak spectrum, e.g. lutein (Fig B.6) with data in literature of Mantoura and Wrigh (1997). 
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The area under lutein peak was compared with lutein standard curve (Fig B.7) for 

analyzing lutein concentration of supernatant and used this lutein concentration for 

calculating the lutein content with the equation below. 

𝐿𝑢𝑡𝑒𝑖𝑛 (
𝑚𝑔

𝑔
) =

𝐿𝑢𝑡𝑒𝑖𝑛 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛(
𝑚𝑔

𝐿 )

𝐷𝑊
 

Lutein (mg/g) = Lutein concentration (mg/L) / DW 

 

 Where  DW = Cells dried weight of microalgal cells suspension 

(g/L) 

 

 

 

 

Figure B6 (Left) Lutein spectrum from Mantoura and Wrigh (1997) and (Right) 

Lutein spectrum from High-Performance Liquid Chromatography (Shimadzu 

Model SPD-M20A) 
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Figure B7 Lutein standard curve from High-Performance Liquid Chromatography 

(Shimadzu Model SPD-M20A) 
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Appendix C 

 

C1. Carbon dioxide unit conversion 

 

To calculate the mass of carbon dioxide, every hour carbon dioxide 

concentrations had to change their units from ppm to mg/m3 as following equation. 

 

𝐶𝐶𝑂2(
𝑚𝑔

𝑚3
) =

𝐶𝐶𝑂2(𝑝𝑝𝑚) × 44

24.45
 

 

Where CCO2 (mg/m3)= Carbon dioxide concentration in mg/m3 unit 

CCO2 (ppm) = Carbon dioxide concentration in ppm unit 

44   = molecular weight of carbon dioxide (g/mol) 

24.45   = Volome of 1 mol air at 25℃ 1 atm 

  

Which 1 ppm carbon dioxide was equal to 1.80 mg/m3. 

 

C2. Hourly carbon dioxide mass calculation 

Each carbon dioxide concentrations in mg/m3 unit were calculation with 

volume of 1 hour flowed air to find the mass of carbon dioxide every hour by these 

following equations. 

𝑉𝐴𝑥(𝑚3) = 𝐹𝑥 (
𝐿

min
) ×

60(min)

1,000(
𝐿

𝑚3)
 

Where VAx  = Volume of 1 hour flowed air from x unit (m3) 

 Fx  = Flow rate of aeration from x unit (L/min) 

X unit = Carbon dioxide source; IF is Inlet Fish tank, 

IS is Inlet Solids-liquid separating unit, OF is 

Outlet Fish tank, OS is Outlet Solids-liquid 

separating unit, BR is Basic respiration and 

OM is Outlet microalgal cultivation 
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𝐻𝐶𝑂2𝑥𝑛(𝑚𝑔) = 𝐶𝐶𝑂2𝑥𝑛(
𝑚𝑔

𝑚3
) × 𝑉𝐴𝑥(𝑚3) 

Where HCO2xn = Hourly carbon dioxide mass from x unit at tn (mg) 

CCO2xn = Carbon dioxide concentration from x unit at tn    

   (mg/m3) 

 VAx  = Volume of 1 hour flowed air from x unit (m3) 

tn  = Cultivating time (hour) 

 

C3. Total carbon dioxide mass calculation 

 All values of hourly carbon dioxide mass from each unit were used for 

calculating total carbon dioxide mass of that unit as the following equations. 

C3.1 Total of Fish tank inlet carbon dioxide 

𝑇𝐶𝑂2𝐼𝐹 = [∑ 𝐻𝐶𝑂2𝐼𝐹𝑛

𝑡𝑐

𝑛=1

] ÷ 1,000 (
𝑔

𝑚𝑔
) 

  Where TCO2IF = Total of Fish tank inlet carbon dioxide (g) 

  tc  = Total cultivating time (hour) 

C3.2 Total of Solids-liquid separating unit inlet carbon dioxide 

𝑇𝐶𝑂2𝐼𝑆 = [∑ 𝐻𝐶𝑂2𝐼𝑆𝑛

𝑡𝑐

𝑛=1

] ÷ 1,000 (
𝑔

𝑚𝑔
) 

Where TCO2IS = Total of solid separating unit inlet carbon 

dioxide (g) 

C3.3 Total of Fish tank outlet carbon dioxide 

𝑇𝐶𝑂2𝑂𝐹 = [∑ 𝐻𝐶𝑂2𝑂𝐹𝑛

𝑡𝑐

𝑛=1

] ÷ 1,000 (
𝑔

𝑚𝑔
) 

Where TCO2OF = Total of fish tank Outlet carbon dioxide (g) 

C3.4 Total of Solid separating unit outlet carbon dioxide 

𝑇𝐶𝑂2𝑂𝑆 = [∑ 𝐻𝐶𝑂2𝑂𝑆𝑛

𝑡𝑐

𝑛=1

] ÷ 1,000 (
𝑔

𝑚𝑔
) 

Where TCO2OS = Total of solid separating unit outlet carbon 

dioxide (g) 
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C3.5 Total of carbon dioxide production from basic respiration 

𝑇𝐶𝑂2𝐵𝑅 = {[∑ 𝐻𝐶𝑂2𝐵𝑅𝑛

𝑡𝑐

𝑛=1

] ÷ 1,000} − 𝑇𝐶𝑂2𝐼𝑆 

Where TCO2BR = Total of carbon dioxide production from basic 

respiration (g) 

C3.6 Total of carbon dioxide production during feeding process 

𝑇𝐶𝑂2𝐹𝐸𝐸𝐷 = 𝑇𝐶𝑂2𝑂𝐹 − 𝑇𝐶𝑂2𝐵𝑅 

Where TCO2FEED = Total of carbon dioxide production from basic 

respiration (g) 

C3.7 Total of gained carbon dioxide from Fish Tank 

𝑇𝐶𝑂2𝐺𝐹 = 𝑇𝐶𝑂2𝐹𝐸𝐸𝐷 + 𝑇𝐶𝑂2𝐵𝑅 

Where TCO2GF = Total of gained carbon dioxide from Fish tank (g) 

 

C3.8 Total of gained carbon dioxide from Solid separating unit 

𝑇𝐶𝑂2𝐺𝑆 = 𝑇𝐶𝑂2𝑂𝑆 − 𝑇𝐶𝑂2𝐼𝑆 

Where TCO2GS = Total of gained carbon dioxide from Solid 

separating unit (g) 

C3.9 Total of Microalgal cultivation inlet air using Fish tank outlet air 

𝑇𝐶𝑂2𝐼𝑀 = 𝑇𝐶𝑂2𝑂𝐹 

Where TCO2IM = Total of microalgal cultivation inlet air (g) 

C3.10 Total of Microalgal cultivation outlet air 

𝑇𝐶𝑂2𝑂𝑀 = [∑ 𝐻𝐶𝑂2𝑂𝑀𝑛

𝑡𝑐

𝑛=1

] ÷ 1,000 (
𝑔

𝑚𝑔
) 

Where TCO2OM = Total of microalgal cultivation outlet air (g) 

 

C3.11 Total sequestrated carbon dioxide during microalgal cultivation 

𝑇𝐶𝑂2𝑆𝑄 = 𝑇𝐶𝑂2𝐼𝑀 − 𝑇𝐶𝑂2𝑂𝑀 

Where TCO2SQ = Total of sequestrated carbon dioxide during 

microalgal cultivation (g) 
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C4. Rate of carbon dioxide production calculation 

 The rate of carbon dioxide production could calculate from Total of carbon 

dioxide production from basic respiration, Total of carbon dioxide production during 

feeding process and Total feed input which were happen in Fish Tank by using the 

equation as follow. 

C4.1 Rate of carbon dioxide production from basic respiration 

𝑅𝐶𝑂2𝐵𝑅 =
𝑇𝐶𝑂2𝐵𝑅(𝑔) × 1,000(

𝑔
𝑘𝑔

) × 24(
ℎ𝑜𝑢𝑟
𝑑𝑎𝑦

)

𝐷𝐹𝐼(𝑔) × 𝑡𝑐(ℎ𝑜𝑢𝑟)
 

Where RCO2BR = Rate of carbon dioxide production from basic 

respiration (g CO2/kg feed ·day) 

 DFI = Daily feed input to fisk tank during nile tilapia 

cultivation (kg) 

C4.2 Rate of carbon dioxide production during feeding process 

𝑅𝐶𝑂2𝐹𝐸𝐸𝐷 =
𝑇𝐶𝑂2𝐹𝐸𝐸𝐷(𝑔) × 1,000(

𝑔
𝑘𝑔

) × 24(
ℎ𝑜𝑢𝑟
𝑑𝑎𝑦

)

𝐷𝐹𝐼(𝑔) × 𝑡𝑐(ℎ𝑜𝑢𝑟)
 

Where RCO2FEED = Rate of carbon dioxide production during 

feeding process (g CO2/kg feed ·day) 

C4.3 Rate of carbon dioxide production from fish tank 

𝑅𝐶𝑂2𝐹𝑇 = 𝑅𝐶𝑂2𝐵𝑅 + 𝑅𝐶𝑂2𝐹𝐸𝐸𝐷 

Where RCO2FT = Rate of carbon dioxide production from fish 

tank (g CO2/kg feed ·day) 
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Appendix D 

 

 

Table D1 Cell number density of Scenedesmus armatus during the cultivation in 1-L 

photobioreactor using BG-11 medium and using effluent from nitrifying biofilter. 

Cultivating 

time (days) 

Cell number density of BG-11 (104 cells / mL) 

1 2 3 Average S.D. 

0 19.93 19.03 19.23 19.40 0.47 

1 31.90 26.90 31.47 30.09 2.77 

2 96.83 75.00 88.67 86.83 11.03 

3 149.67 180.83 185.00 171.83 19.31 

4 195.83 182.50 325.00 234.44 78.71 

5 240.83 298.33 326.67 288.61 43.73 

6 239.17 483.33 362.50 361.67 122.09 

7 325.83 516.67 566.67 469.72 127.09 

8 446.67 568.33 644.17 553.06 99.63 

9 493.33 600.83 716.67 603.61 111.69 

Cultivating 

time (days) 

Cell number density of Effluent from nitrifying biofilter (104 cells / mL) 

1 2 3 Average S.D. 

0 13.57 10.70 12.40 12.22 1.44 

1 74.00 68.67 83.17 75.28 7.33 

2 245.00 256.67 190.83 230.83 35.13 

3 318.33 329.17 330.00 325.83 6.51 

4 386.67 417.50 490.83 431.67 53.51 

5 421.67 463.33 528.33 471.11 53.76 

6 464.17 626.67 708.33 599.72 124.29 

7 730.83 625.00 590.83 648.89 72.99 

8 416.67 591.67 612.50 540.28 107.56 

9 524.17 745.83 666.67 645.56 112.33 
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Figure D1 Maximum specific growth rate of Scenedesmus armatus during the 

cultivation in 1-L photobioreactor using BG-11 medium (left) and using effluent from 

nitrifying biofilter (Right). 

 

Table D2 Biomass of Scenedesmus armatus during the cultivation in 1-L 

photobioreactor using BG-11 medium and using effluent from nitrifying biofilter. 

Cultivating time 

(days) 

Biomass (mg/L) 

BG-11 (Control) Effluent from nitrifying biofilter 

0 32.67 32.67 

1 84.44 66.67 

2 75.56 122.22 

3 162.22 246.67 

4 291.11 273.33 

5 340.00 353.33 

6 431.11 371.11 

7 486.67 540.00 

8 571.11 604.44 

9 675.56 664.44 
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Table D3 Nitrate concentration of Scenedesmus armatus during the cultivation in  

1-L photobioreactor using BG-11 medium and using effluent from nitrifying biofilter. 

Cultivating time 

(days) 

Nitrate concentration (mg/L) 

BG-11 (Control) Effluent from nitrifying biofilter 

0 277.20 25.59 

1 257.70 23.51 

2 250.59 18.96 

3 243.37 14.64 

4 247.68 10.19 

5 251.13 6.59 

6 230.66 4.17 

7 236.37 3.92 

8 249.30 2.35 

9 229.58 3.01 

 

 

Table D4 Phosphate concentration of Scenedesmus armatus during the cultivation in  

1-L photobioreactor using BG-11 medium and using effluent from nitrifying biofilter. 

Cultivating time 

(days) 

Phosphate concentration (mg/L) 

BG-11 (Control) Effluent from nitrifying biofilter 

0 4.97 0.52 

1 4.10 0.11 

2 4.80 0.22 

3 4.29 0.22 

4 3.71 0.21 

5 3.55 0.16 

6 2.25 0.16 

7 2.21 0.21 

8 2.65 0.22 

9 2.28 0.290 
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Table D5 Pigments content in Scenedesmus armatus at the end of cultivation on day 

9. 

Pigment 

Pigment content (mg/g) 

BG-11 (Control) Effluent from nitrifying biofilter 

1 2 3 Average S.D. 1 2 3 Average S.D. 

Chlorophyll 

a 
22.48 19.43 8.34 16.72 7.40 14.37 13.64 3.54 10.52 6.06 

Total 

carotenoids 
5.10 3.48 3.29 3.96 1.00 4.78 3.61 0.89 3.09 2.00 

Lutein 2.30 1.23 1.22 1.59 0.62 1.64 1.40 0.31 1.12 0.71 
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Appendix E 

 

 

Table E1 the concentrations and mass of carbon dioxide in air that flow in/out Fish 

tank during nile tilapia cultivation including basic respiration (replication 1). 

Cultivating 

time (Hour) 

Fish tank inlet carbon dioxide Fish tank outlet carbon dioxide Basic respiration 

CCO2FI 

(ppm) 

CCO2FI 

(mg/m3) 

HCO2FI 

(mg) 

CCO2FO 

(ppm) 

CCO2FO 

(mg/m3) 

HCO2FO 

(mg) 

CCO2BR 

(ppm) 

CCO2BR 

(mg/m3) 

HCO2BR 

(mg) 

1 568.05 1,022.25 147.20 926.85 1,667.95 240.18 926.85 1,667.95 240.18 

2 568.05 1,022.25 147.20 982.08 1,767.34 254.50 937.59 1,687.27 242.97 

3 568.05 1,022.25 147.20 1,016.59 1,829.45 263.44 937.59 1,687.27 242.97 

4 568.05 1,022.25 147.20 1,036.98 1,866.13 268.72 937.59 1,687.27 242.97 

5 568.05 1,022.25 147.20 1,021.83 1,838.88 264.80 937.59 1,687.27 242.97 

6 568.05 1,022.25 147.20 1,000.01 1,799.61 259.14 937.59 1,687.27 242.97 

7 568.05 1,022.25 147.20 990.62 1,782.72 256.71 937.59 1,687.27 242.97 

8 568.05 1,022.25 147.20 973.20 1,751.36 252.20 937.59 1,687.27 242.97 

9 568.05 1,022.25 147.20 951.97 1,713.15 246.69 937.59 1,687.27 242.97 

10 568.05 1,022.25 147.20 937.59 1,687.28 242.97 937.59 1,687.27 242.97 

11 568.05 1,022.25 147.20 946.89 1,704.02 245.38 937.59 1,687.27 242.97 

12 568.05 1,022.25 147.20 959.07 1,725.94 248.54 937.59 1,687.27 242.97 

13 568.05 1,022.25 147.20 968.38 1,742.68 250.95 937.59 1,687.27 242.97 

14 568.05 1,022.25 147.20 969.05 1,743.90 251.12 937.59 1,687.27 242.97 

15 568.05 1,022.25 147.20 955.01 1,718.63 247.48 937.59 1,687.27 242.97 

16 568.05 1,022.25 147.20 948.33 1,706.61 245.75 937.59 1,687.27 242.97 

17 568.05 1,022.25 147.20 946.39 1,703.11 245.25 937.59 1,687.27 242.97 

18 568.05 1,022.25 147.20 959.16 1,726.09 248.56 937.59 1,687.27 242.97 

19 568.05 1,022.25 147.20 963.64 1,734.16 249.72 937.59 1,687.27 242.97 

20 568.05 1,022.25 147.20 957.13 1,722.44 248.03 937.59 1,687.27 242.97 

21 568.05 1,022.25 147.20 945.54 1,701.59 245.03 937.59 1,687.27 242.97 

22 558.15 1,004.44 144.64 949.26 1,708.28 245.99 949.26 1,708.28 245.99 

23 558.15 1,004.44 144.64 1,036.30 1,864.91 268.55 1,036.30 1,864.91 268.55 

24 558.15 1,004.44 144.64 1,116.31 2,008.91 289.28 1,036.72 1,865.67 268.66 

25 558.15 1,004.44 144.64 1,113.02 2,002.97 288.43 1,036.72 1,865.67 268.66 

26 558.15 1,004.44 144.64 1,113.78 2,004.34 288.63 1,036.72 1,865.67 268.66 

27 558.15 1,004.44 144.64 1,131.20 2,035.70 293.14 1,036.72 1,865.67 268.66 

28 558.15 1,004.44 144.64 1,157.68 2,083.34 300.00 1,036.72 1,865.67 268.66 

29 558.15 1,004.44 144.64 1,162.84 2,092.63 301.34 1,036.72 1,865.67 268.66 

30 558.15 1,004.44 144.64 1,152.60 2,074.21 298.69 1,036.72 1,865.67 268.66 

31 558.15 1,004.44 144.64 1,137.38 2,046.81 294.74 1,036.72 1,865.67 268.66 

32 558.15 1,004.44 144.64 1,122.24 2,019.56 290.82 1,036.72 1,865.67 268.66 

33 558.15 1,004.44 144.64 1,097.20 1,974.51 284.33 1,036.72 1,865.67 268.66 

34 558.15 1,004.44 144.64 1,069.29 1,924.28 277.10 1,036.72 1,865.67 268.66 

35 558.15 1,004.44 144.64 1,056.68 1,901.60 273.83 1,036.72 1,865.67 268.66 

36 558.15 1,004.44 144.64 1,055.25 1,899.01 273.46 1,036.72 1,865.67 268.66 

37 558.15 1,004.44 144.64 1,053.98 1,896.73 273.13 1,036.72 1,865.67 268.66 

38 558.15 1,004.44 144.64 1,052.45 1,893.99 272.73 1,036.72 1,865.67 268.66 

39 558.15 1,004.44 144.64 1,040.02 1,871.61 269.51 1,036.72 1,865.67 268.66 

40 558.15 1,004.44 144.64 1,036.72 1,865.67 268.66 1,036.72 1,865.67 268.66 

41 558.15 1,004.44 144.64 1,047.29 1,884.70 271.40 1,036.72 1,865.67 268.66 

42 558.15 1,004.44 144.64 1,040.78 1,872.98 269.71 1,036.72 1,865.67 268.66 

43 558.15 1,004.44 144.64 1,057.70 1,903.42 274.09 1,036.72 1,865.67 268.66 

44 558.15 1,004.44 144.64 1,074.02 1,932.80 278.32 1,036.72 1,865.67 268.66 

45 558.15 1,004.44 144.64 1,038.75 1,869.33 269.18 1,036.72 1,865.67 268.66 

46 558.15 1,004.44 144.64 1,008.30 1,814.53 261.29 818.83 1,473.57 212.19 

47 561.96 1,011.29 145.63 877.75 1,579.59 227.46 818.83 1,473.57 212.19 

48 561.96 1,011.29 145.63 875.34 1,575.25 226.84 818.83 1,473.57 212.19 

49 561.96 1,011.29 145.63 941.40 1,694.13 243.95 818.83 1,473.57 212.19 

50 561.96 1,011.29 145.63 924.14 1,663.08 239.48 818.83 1,473.57 212.19 
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Cultivating 

time (Hour) 

Fish tank inlet carbon dioxide Fish tank outlet carbon dioxide Basic respiration 

CCO2FI 

(ppm) 

CCO2FI 

(mg/m3) 

HCO2FI 

(mg) 

CCO2FO 

(ppm) 

CCO2FO 

(mg/m3) 

HCO2FO 

(mg) 

CCO2BR 

(ppm) 

CCO2BR 

(mg/m3) 

HCO2BR 

(mg) 

51 561.96 1,011.29 145.63 903.16 1,625.33 234.05 818.83 1,473.57 212.19 

52 561.96 1,011.29 145.63 892.25 1,605.69 231.22 818.83 1,473.57 212.19 

53 561.96 1,011.29 145.63 889.38 1,600.51 230.47 818.83 1,473.57 212.19 

54 561.96 1,011.29 145.63 894.03 1,608.89 231.68 818.83 1,473.57 212.19 

55 561.96 1,011.29 145.63 883.46 1,589.86 228.94 818.83 1,473.57 212.19 

56 561.96 1,011.29 145.63 873.22 1,571.44 226.29 818.83 1,473.57 212.19 

57 561.96 1,011.29 145.63 863.41 1,553.78 223.75 818.83 1,473.57 212.19 

58 561.96 1,011.29 145.63 852.58 1,534.30 220.94 818.83 1,473.57 212.19 

59 561.96 1,011.29 145.63 837.87 1,507.82 217.13 818.83 1,473.57 212.19 

60 561.96 1,011.29 145.63 831.27 1,495.94 215.42 818.83 1,473.57 212.19 

61 561.96 1,011.29 145.63 831.52 1,496.40 215.48 818.83 1,473.57 212.19 

62 561.96 1,011.29 145.63 826.19 1,486.81 214.10 818.83 1,473.57 212.19 

63 561.96 1,011.29 145.63 830.85 1,495.18 215.31 818.83 1,473.57 212.19 

64 561.96 1,011.29 145.63 818.83 1,473.57 212.19 818.83 1,473.57 212.19 

65 561.96 1,011.29 145.63 814.27 1,465.35 211.01 814.27 1,465.35 211.01 

66 561.96 1,011.29 145.63 825.35 1,485.29 213.88 818.83 1,473.57 212.19 

67 561.96 1,011.29 145.63 822.81 1,480.72 213.22 818.83 1,473.57 212.19 

68 561.96 1,011.29 145.63 820.10 1,475.85 212.52 818.83 1,473.57 212.19 

69 561.96 1,011.29 145.63 876.69 1,577.68 227.19 818.83 1,473.57 212.19 

70 564.49 1,015.86 146.28 927.69 1,669.47 240.40 847.25 1,524.71 219.56 

71 564.49 1,015.86 146.28 948.59 1,707.07 245.82 847.25 1,524.71 219.56 

72 564.49 1,015.86 146.28 948.08 1,706.15 245.69 847.25 1,524.71 219.56 

73 564.49 1,015.86 146.28 948.42 1,706.76 245.77 847.25 1,524.71 219.56 

74 564.49 1,015.86 146.28 946.81 1,703.87 245.36 847.25 1,524.71 219.56 

75 564.49 1,015.86 146.28 958.90 1,725.64 248.49 847.25 1,524.71 219.56 

76 564.49 1,015.86 146.28 1,002.97 1,804.94 259.91 847.25 1,524.71 219.56 

77 564.49 1,015.86 146.28 1,042.81 1,876.63 270.24 847.25 1,524.71 219.56 

78 564.49 1,015.86 146.28 1,061.59 1,910.43 275.10 847.25 1,524.71 219.56 

79 564.49 1,015.86 146.28 1,051.78 1,892.77 272.56 847.25 1,524.71 219.56 

80 564.49 1,015.86 146.28 1,037.48 1,867.04 268.85 847.25 1,524.71 219.56 

81 564.49 1,015.86 146.28 1,025.13 1,844.82 265.65 847.25 1,524.71 219.56 

82 564.49 1,015.86 146.28 1,017.86 1,831.73 263.77 847.25 1,524.71 219.56 

83 564.49 1,015.86 146.28 1,001.53 1,802.35 259.54 847.25 1,524.71 219.56 

84 564.49 1,015.86 146.28 985.38 1,773.28 255.35 847.25 1,524.71 219.56 

85 564.49 1,015.86 146.28 896.57 1,613.45 232.34 847.25 1,524.71 219.56 

86 564.49 1,015.86 146.28 871.36 1,568.09 225.81 847.25 1,524.71 219.56 

87 564.49 1,015.86 146.28 860.20 1,548.00 222.91 847.25 1,524.71 219.56 

88 564.49 1,015.86 146.28 855.04 1,538.72 221.58 847.25 1,524.71 219.56 

89 564.49 1,015.86 146.28 859.94 1,547.54 222.85 847.25 1,524.71 219.56 

90 564.49 1,015.86 146.28 853.26 1,535.52 221.11 847.25 1,524.71 219.56 

91 564.49 1,015.86 146.28 847.25 1,524.71 219.56 847.25 1,524.71 219.56 

92 564.49 1,015.86 146.28 895.13 1,610.87 231.96 847.25 1,524.71 219.56 

93 564.49 1,015.86 146.28 921.77 1,658.81 238.87 847.25 1,524.71 219.56 

94 596.72 1,073.85 154.63 874.32 1,573.42 226.57 847.25 1,524.71 219.56 

95 596.72 1,073.85 154.63 824.33 1,483.46 213.62 824.33 1,483.46 213.62 

96 596.72 1,073.85 154.63 903.68 1,626.26 234.18 885.67 1,593.84 229.51 

97 596.72 1,073.85 154.63 995.25 1,791.05 257.91 885.67 1,593.84 229.51 

98 596.72 1,073.85 154.63 1,001.15 1,801.67 259.44 885.67 1,593.84 229.51 

99 596.72 1,073.85 154.63 1,022.26 1,839.65 264.91 885.67 1,593.84 229.51 

100 596.72 1,073.85 154.63 1,014.79 1,826.21 262.97 885.67 1,593.84 229.51 

101 596.72 1,073.85 154.63 998.89 1,797.60 258.85 885.67 1,593.84 229.51 

102 596.72 1,073.85 154.63 1,020.88 1,837.17 264.55 885.67 1,593.84 229.51 

103 596.72 1,073.85 154.63 1,067.83 1,921.65 276.72 885.67 1,593.84 229.51 

104 596.72 1,073.85 154.63 1,094.11 1,968.95 283.53 885.67 1,593.84 229.51 

105 596.72 1,073.85 154.63 1,101.74 1,982.69 285.51 885.67 1,593.84 229.51 

106 596.72 1,073.85 154.63 1,098.78 1,977.36 284.74 885.67 1,593.84 229.51 

107 596.72 1,073.85 154.63 1,104.18 1,987.07 286.14 885.67 1,593.84 229.51 

108 596.72 1,073.85 154.63 1,103.29 1,985.47 285.91 885.67 1,593.84 229.51 

109 596.72 1,073.85 154.63 1,107.12 1,992.36 286.90 885.67 1,593.84 229.51 

110 596.72 1,073.85 154.63 1,078.53 1,940.91 279.49 885.67 1,593.84 229.51 
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Cultivating 

time (Hour) 

Fish tank inlet carbon dioxide Fish tank outlet carbon dioxide Basic respiration 

CCO2FI 

(ppm) 

CCO2FI 

(mg/m3) 

HCO2FI 

(mg) 

CCO2FO 

(ppm) 

CCO2FO 

(mg/m3) 

HCO2FO 

(mg) 

CCO2BR 

(ppm) 

CCO2BR 

(mg/m3) 

HCO2BR 

(mg) 

111 596.72 1,073.85 154.63 1,051.86 1,892.92 272.58 885.67 1,593.84 229.51 

112 596.72 1,073.85 154.63 1,047.19 1,884.51 271.37 885.67 1,593.84 229.51 

113 596.72 1,073.85 154.63 1,037.10 1,866.36 268.76 885.67 1,593.84 229.51 

114 596.72 1,073.85 154.63 1,024.71 1,844.06 265.54 885.67 1,593.84 229.51 

115 596.72 1,073.85 154.63 1,016.68 1,829.60 263.46 885.67 1,593.84 229.51 

116 596.72 1,073.85 154.63 1,011.07 1,819.51 262.01 885.67 1,593.84 229.51 

117 559.42 1,006.72 144.97 1,007.03 1,812.25 260.96 885.67 1,593.84 229.51 

118 559.42 1,006.72 144.97 974.05 1,752.88 252.42 885.67 1,593.84 229.51 

119 559.42 1,006.72 144.97 971.17 1,747.71 251.67 885.67 1,593.84 229.51 

120 559.42 1,006.72 144.97 958.90 1,725.64 248.49 885.67 1,593.84 229.51 

121 559.42 1,006.72 144.97 953.62 1,716.12 247.12 885.67 1,593.84 229.51 

122 559.42 1,006.72 144.97 949.83 1,709.31 246.14 885.67 1,593.84 229.51 

123 559.42 1,006.72 144.97 953.96 1,716.73 247.21 885.67 1,593.84 229.51 

124 559.42 1,006.72 144.97 943.81 1,698.47 244.58 885.67 1,593.84 229.51 

125 559.42 1,006.72 144.97 925.60 1,665.70 239.86 885.67 1,593.84 229.51 

126 559.42 1,006.72 144.97 914.18 1,645.15 236.90 885.67 1,593.84 229.51 

127 559.42 1,006.72 144.97 903.61 1,626.13 234.16 885.67 1,593.84 229.51 

128 559.42 1,006.72 144.97 898.26 1,616.50 232.78 885.67 1,593.84 229.51 

129 559.42 1,006.72 144.97 892.91 1,606.87 231.39 885.67 1,593.84 229.51 

130 559.42 1,006.72 144.97 880.05 1,583.73 228.06 880.05 1,583.73 228.06 

131 559.42 1,006.72 144.97 877.85 1,579.78 227.49 877.85 1,579.78 227.49 

132 559.42 1,006.72 144.97 879.63 1,582.97 227.95 879.63 1,582.97 227.95 

133 559.42 1,006.72 144.97 883.52 1,589.97 228.96 883.52 1,589.97 228.96 

134 559.42 1,006.72 144.97 882.48 1,588.11 228.69 882.48 1,588.11 228.69 

135 559.42 1,006.72 144.97 880.56 1,584.65 228.19 880.56 1,584.65 228.19 

136 559.42 1,006.72 144.97 880.45 1,584.46 228.16 880.45 1,584.46 228.16 

137 559.42 1,006.72 144.97 885.68 1,593.86 229.52 885.67 1,593.84 229.51 

138 559.42 1,006.72 144.97 879.76 1,583.20 227.98 879.76 1,583.20 227.98 

139 559.42 1,006.72 144.97 878.30 1,580.57 227.60 878.30 1,580.57 227.60 

140 563.73 1,014.49 146.09 865.17 1,556.94 224.20 845.22 1,521.06 219.03 

141 563.73 1,014.49 146.09 904.28 1,627.34 234.34 845.22 1,521.06 219.03 

142 563.73 1,014.49 146.09 931.33 1,676.01 241.35 845.22 1,521.06 219.03 

143 563.73 1,014.49 146.09 981.07 1,765.52 254.23 845.22 1,521.06 219.03 

144 563.73 1,014.49 146.09 992.82 1,786.67 257.28 845.22 1,521.06 219.03 

145 563.73 1,014.49 146.09 1,004.58 1,807.83 260.33 845.22 1,521.06 219.03 

146 563.73 1,014.49 146.09 1,001.45 1,802.20 259.52 845.22 1,521.06 219.03 

147 563.73 1,014.49 146.09 990.37 1,782.26 256.65 845.22 1,521.06 219.03 

148 563.73 1,014.49 146.09 982.33 1,767.80 254.56 845.22 1,521.06 219.03 

149 563.73 1,014.49 146.09 979.04 1,761.86 253.71 845.22 1,521.06 219.03 

150 563.73 1,014.49 146.09 971.59 1,748.47 251.78 845.22 1,521.06 219.03 

151 563.73 1,014.49 146.09 968.21 1,742.38 250.90 845.22 1,521.06 219.03 

152 563.73 1,014.49 146.09 959.92 1,727.46 248.75 845.22 1,521.06 219.03 

153 563.73 1,014.49 146.09 942.24 1,695.65 244.17 845.22 1,521.06 219.03 

154 563.73 1,014.49 146.09 940.72 1,692.91 243.78 845.22 1,521.06 219.03 

155 563.73 1,014.49 146.09 921.94 1,659.12 238.91 845.22 1,521.06 219.03 

156 563.73 1,014.49 146.09 898.85 1,617.56 232.93 845.22 1,521.06 219.03 

157 563.73 1,014.49 146.09 902.23 1,623.65 233.81 845.22 1,521.06 219.03 

158 563.73 1,014.49 146.09 896.48 1,613.30 232.32 845.22 1,521.06 219.03 

159 563.73 1,014.49 146.09 881.17 1,585.75 228.35 845.22 1,521.06 219.03 

160 563.73 1,014.49 146.09 867.98 1,562.00 224.93 845.22 1,521.06 219.03 

161 563.73 1,014.49 146.09 855.97 1,540.39 221.82 845.22 1,521.06 219.03 

162 563.73 1,014.49 146.09 847.00 1,524.26 219.49 845.22 1,521.06 219.03 

163 563.73 1,014.49 146.09 851.48 1,532.32 220.65 845.22 1,521.06 219.03 

164 563.73 1,014.49 146.09 887.52 1,597.17 229.99 845.22 1,521.06 219.03 

165 563.73 1,014.49 146.09 919.32 1,654.40 238.23 845.22 1,521.06 219.03 

166 564.24 1,015.40 146.22 917.37 1,650.90 237.73 821.12 1,477.68 212.79 

167 564.24 1,015.40 146.22 964.32 1,735.38 249.89 821.12 1,477.68 212.79 

168 564.24 1,015.40 146.22 963.30 1,733.55 249.63 821.12 1,477.68 212.79 

169 564.24 1,015.40 146.22 938.27 1,688.50 243.14 821.12 1,477.68 212.79 

170 564.24 1,015.40 146.22 928.96 1,671.75 240.73 821.12 1,477.68 212.79 
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Cultivating 

time (Hour) 

Fish tank inlet carbon dioxide Fish tank outlet carbon dioxide Basic respiration 

CCO2FI 

(ppm) 

CCO2FI 

(mg/m3) 

HCO2FI 

(mg) 

CCO2FO 

(ppm) 

CCO2FO 

(mg/m3) 

HCO2FO 

(mg) 

CCO2BR 

(ppm) 

CCO2BR 

(mg/m3) 

HCO2BR 

(mg) 

171 564.24 1,015.40 146.22 919.07 1,653.94 238.17 821.12 1,477.68 212.79 

172 564.24 1,015.40 146.22 927.95 1,669.93 240.47 821.12 1,477.68 212.79 

173 564.24 1,015.40 146.22 913.48 1,643.90 236.72 821.12 1,477.68 212.79 

174 564.24 1,015.40 146.22 900.80 1,621.06 233.43 821.12 1,477.68 212.79 

175 564.24 1,015.40 146.22 883.37 1,589.71 228.92 821.12 1,477.68 212.79 

176 564.24 1,015.40 146.22 865.61 1,557.74 224.31 821.12 1,477.68 212.79 

177 564.24 1,015.40 146.22 845.22 1,521.06 219.03 821.12 1,477.68 212.79 

178 564.24 1,015.40 146.22 833.81 1,500.51 216.07 821.12 1,477.68 212.79 

179 564.24 1,015.40 146.22 823.40 1,481.79 213.38 821.12 1,477.68 212.79 

180 564.24 1,015.40 146.22 821.12 1,477.68 212.79 821.12 1,477.68 212.79 

181 564.24 1,015.40 146.22 836.34 1,505.08 216.73 821.12 1,477.68 212.79 

182 564.24 1,015.40 146.22 860.28 1,548.15 222.93 821.12 1,477.68 212.79 

183 564.24 1,015.40 146.22 847.17 1,524.56 219.54 821.12 1,477.68 212.79 

184 564.24 1,015.40 146.22 836.01 1,504.47 216.64 821.12 1,477.68 212.79 

185 564.24 1,015.40 146.22 833.30 1,499.60 215.94 821.12 1,477.68 212.79 

186 564.24 1,015.40 146.22 824.84 1,484.37 213.75 821.12 1,477.68 212.79 

  Sum 27,327  Sum 45,901  Sum 42,568 

 

Table E2 the concentrations and mass of carbon dioxide in air that flow in/out Fish 

tank during nile tilapia cultivation including basic respiration (replication 2). 

Cultivating 

time (Hour) 

Fish tank inlet carbon dioxide Fish tank outlet carbon dioxide Basic respiration 

CCO2FI 

(ppm) 

CCO2FI 

(mg/m3) 

HCO2FI 

(mg) 

CCO2FO 

(ppm) 

CCO2FO 

(mg/m3) 

HCO2FO 

(mg) 

CCO2BR 

(ppm) 

CCO2BR 

(mg/m3) 

HCO2BR 

(mg) 

1 552.82 994.85 143.26 843.45 1,517.86 218.57 851.90 1,533.07 218.57 

2 552.82 994.85 143.26 925.16 1,664.90 239.75 851.90 1,533.07 220.76 

3 552.82 994.85 143.26 936.66 1,685.60 242.73 851.90 1,533.07 220.76 

4 552.82 994.85 143.26 965.76 1,737.97 250.27 851.90 1,533.07 220.76 

5 552.82 994.85 143.26 973.71 1,752.27 252.33 851.90 1,533.07 220.76 

6 552.82 994.85 143.26 944.44 1,699.61 244.74 851.90 1,533.07 220.76 

7 552.82 994.85 143.26 930.74 1,674.95 241.19 851.90 1,533.07 220.76 

8 552.82 994.85 143.26 919.40 1,654.55 238.26 851.90 1,533.07 220.76 

9 552.82 994.85 143.26 905.53 1,629.59 234.66 851.90 1,533.07 220.76 

10 552.82 994.85 143.26 883.37 1,589.71 228.92 851.90 1,533.07 220.76 

11 552.82 994.85 143.26 871.53 1,568.40 225.85 851.90 1,533.07 220.76 

12 552.82 994.85 143.26 867.47 1,561.09 224.80 851.90 1,533.07 220.76 

13 552.82 994.85 143.26 856.47 1,541.30 221.95 851.90 1,533.07 220.76 

14 552.82 994.85 143.26 865.27 1,557.13 224.23 851.90 1,533.07 220.76 

15 552.82 994.85 143.26 872.21 1,569.62 226.02 851.90 1,533.07 220.76 

16 552.82 994.85 143.26 860.37 1,548.31 222.96 851.90 1,533.07 220.76 

17 552.82 994.85 143.26 851.91 1,533.08 220.76 851.90 1,533.07 220.76 

18 552.82 994.85 143.26 859.52 1,546.78 222.74 851.90 1,533.07 220.76 

19 552.82 994.85 143.26 863.41 1,553.78 223.75 851.90 1,533.07 220.76 

20 552.82 994.85 143.26 867.98 1,562.00 224.93 851.90 1,533.07 220.76 

21 552.82 994.85 143.26 895.89 1,612.24 232.16 851.90 1,533.07 220.76 

22 555.87 1,000.33 144.05 903.16 1,625.33 234.05 851.90 1,533.07 220.76 

23 555.87 1,000.33 144.05 891.49 1,604.32 231.02 851.90 1,533.07 220.76 

24 555.87 1,000.33 144.05 1,019.89 1,835.38 264.30 844.00 1,518.85 218.72 

25 555.87 1,000.33 144.05 1,084.51 1,951.68 281.04 844.00 1,518.85 218.72 

26 555.87 1,000.33 144.05 1,045.60 1,881.66 270.96 844.00 1,518.85 218.72 

27 555.87 1,000.33 144.05 1,031.90 1,857.00 267.41 844.00 1,518.85 218.72 

28 555.87 1,000.33 144.05 1,041.54 1,874.35 269.91 844.00 1,518.85 218.72 

29 555.87 1,000.33 144.05 1,075.55 1,935.54 278.72 844.00 1,518.85 218.72 

30 555.87 1,000.33 144.05 1,104.13 1,986.99 286.13 844.00 1,518.85 218.72 

31 555.87 1,000.33 144.05 1,121.22 2,017.74 290.55 844.00 1,518.85 218.72 

32 555.87 1,000.33 144.05 1,120.88 2,017.13 290.47 844.00 1,518.85 218.72 

33 555.87 1,000.33 144.05 1,116.82 2,009.82 289.41 844.00 1,518.85 218.72 

34 555.87 1,000.33 144.05 1,094.15 1,969.03 283.54 844.00 1,518.85 218.72 
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Cultivating 

time (Hour) 

Fish tank inlet carbon dioxide Fish tank outlet carbon dioxide Basic respiration 

CCO2FI 

(ppm) 

CCO2FI 

(mg/m3) 

HCO2FI 

(mg) 

CCO2FO 

(ppm) 

CCO2FO 

(mg/m3) 

HCO2FO 

(mg) 

CCO2BR 

(ppm) 

CCO2BR 

(mg/m3) 

HCO2BR 

(mg) 

35 555.87 1,000.33 144.05 1,062.52 1,912.10 275.34 844.00 1,518.85 218.72 

36 555.87 1,000.33 144.05 1,054.23 1,897.18 273.19 844.00 1,518.85 218.72 

37 555.87 1,000.33 144.05 1,058.29 1,904.49 274.25 844.00 1,518.85 218.72 

38 555.87 1,000.33 144.05 1,051.19 1,891.70 272.41 844.00 1,518.85 218.72 

39 555.87 1,000.33 144.05 1,034.95 1,862.48 268.20 844.00 1,518.85 218.72 

40 555.87 1,000.33 144.05 1,015.66 1,827.77 263.20 844.00 1,518.85 218.72 

41 555.87 1,000.33 144.05 1,035.11 1,862.78 268.24 844.00 1,518.85 218.72 

42 555.87 1,000.33 144.05 1,064.89 1,916.36 275.96 844.00 1,518.85 218.72 

43 555.87 1,000.33 144.05 1,062.52 1,912.10 275.34 844.00 1,518.85 218.72 

44 555.87 1,000.33 144.05 1,076.56 1,937.37 278.98 844.00 1,518.85 218.72 

45 555.87 1,000.33 144.05 1,083.16 1,949.24 280.69 844.00 1,518.85 218.72 

46 555.87 1,000.33 144.05 1,000.27 1,800.07 259.21 844.00 1,518.85 218.72 

47 555.87 1,000.33 144.05 971.85 1,748.93 251.85 844.00 1,518.85 218.72 

48 555.87 1,000.33 144.05 918.05 1,652.12 237.90 844.00 1,518.85 218.72 

49 555.87 1,000.33 144.05 938.18 1,688.34 243.12 844.00 1,518.85 218.72 

50 555.87 1,000.33 144.05 957.81 1,723.66 248.21 844.00 1,518.85 218.72 

51 555.87 1,000.33 144.05 938.01 1,688.04 243.08 844.00 1,518.85 218.72 

52 555.87 1,000.33 144.05 927.19 1,668.56 240.27 844.00 1,518.85 218.72 

53 555.87 1,000.33 144.05 917.04 1,650.29 237.64 844.00 1,518.85 218.72 

54 555.87 1,000.33 144.05 885.91 1,594.27 229.58 844.00 1,518.85 218.72 

55 555.87 1,000.33 144.05 885.06 1,592.75 229.36 844.00 1,518.85 218.72 

56 555.87 1,000.33 144.05 882.19 1,587.58 228.61 844.00 1,518.85 218.72 

57 555.87 1,000.33 144.05 881.68 1,586.66 228.48 844.00 1,518.85 218.72 

58 555.87 1,000.33 144.05 881.51 1,586.36 228.44 844.00 1,518.85 218.72 

59 555.87 1,000.33 144.05 870.01 1,565.66 225.45 844.00 1,518.85 218.72 

60 555.87 1,000.33 144.05 851.57 1,532.47 220.68 844.00 1,518.85 218.72 

61 555.87 1,000.33 144.05 851.57 1,532.47 220.68 844.00 1,518.85 218.72 

62 555.87 1,000.33 144.05 863.92 1,554.70 223.88 844.00 1,518.85 218.72 

63 555.87 1,000.33 144.05 862.73 1,552.57 223.57 844.00 1,518.85 218.72 

64 555.87 1,000.33 144.05 857.49 1,543.13 222.21 844.00 1,518.85 218.72 

65 555.87 1,000.33 144.05 844.63 1,519.99 218.88 844.00 1,518.85 218.72 

66 555.87 1,000.33 144.05 844.46 1,519.69 218.84 844.00 1,518.85 218.72 

67 555.87 1,000.33 144.05 852.25 1,533.69 220.85 844.00 1,518.85 218.72 

68 555.87 1,000.33 144.05 869.67 1,565.05 225.37 844.00 1,518.85 218.72 

69 555.87 1,000.33 144.05 909.76 1,637.20 235.76 844.00 1,518.85 218.72 

70 566.02 1,018.60 146.68 997.05 1,794.29 258.38 763.09 1,373.25 197.75 

71 566.02 1,018.60 146.68 987.24 1,776.63 255.83 763.09 1,373.25 197.75 

72 566.02 1,018.60 146.68 963.39 1,733.70 249.65 763.09 1,373.25 197.75 

73 566.02 1,018.60 146.68 985.21 1,772.98 255.31 763.09 1,373.25 197.75 

74 566.02 1,018.60 146.68 1,001.62 1,802.50 259.56 763.09 1,373.25 197.75 

75 566.02 1,018.60 146.68 1,015.66 1,827.77 263.20 763.09 1,373.25 197.75 

76 566.02 1,018.60 146.68 1,029.36 1,852.43 266.75 763.09 1,373.25 197.75 

77 566.02 1,018.60 146.68 1,061.84 1,910.88 275.17 763.09 1,373.25 197.75 

78 566.02 1,018.60 146.68 1,079.94 1,943.46 279.86 763.09 1,373.25 197.75 

79 566.02 1,018.60 146.68 1,050.17 1,889.88 272.14 763.09 1,373.25 197.75 

80 566.02 1,018.60 146.68 1,032.58 1,858.22 267.58 763.09 1,373.25 197.75 

81 566.02 1,018.60 146.68 1,008.56 1,814.99 261.36 763.09 1,373.25 197.75 

82 566.02 1,018.60 146.68 992.82 1,786.67 257.28 763.09 1,373.25 197.75 

83 566.02 1,018.60 146.68 970.32 1,746.19 251.45 763.09 1,373.25 197.75 

84 566.02 1,018.60 146.68 943.60 1,698.09 244.52 763.09 1,373.25 197.75 

85 566.02 1,018.60 146.68 927.02 1,668.25 240.23 763.09 1,373.25 197.75 

86 566.02 1,018.60 146.68 914.33 1,645.42 236.94 763.09 1,373.25 197.75 

87 566.02 1,018.60 146.68 918.90 1,653.64 238.12 763.09 1,373.25 197.75 

88 566.02 1,018.60 146.68 914.50 1,645.72 236.98 763.09 1,373.25 197.75 

89 566.02 1,018.60 146.68 930.40 1,674.34 241.10 763.09 1,373.25 197.75 

90 566.02 1,018.60 146.68 948.33 1,706.61 245.75 763.09 1,373.25 197.75 

91 566.02 1,018.60 146.68 926.17 1,666.73 240.01 763.09 1,373.25 197.75 

92 566.02 1,018.60 146.68 921.43 1,658.20 238.78 763.09 1,373.25 197.75 

93 566.02 1,018.60 146.68 940.38 1,692.30 243.69 763.09 1,373.25 197.75 

94 606.62 1,091.66 157.20 896.74 1,613.76 232.38 763.09 1,373.25 197.75 
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Cultivating 

time (Hour) 

Fish tank inlet carbon dioxide Fish tank outlet carbon dioxide Basic respiration 

CCO2FI 

(ppm) 

CCO2FI 

(mg/m3) 

HCO2FI 

(mg) 

CCO2FO 

(ppm) 

CCO2FO 

(mg/m3) 

HCO2FO 

(mg) 

CCO2BR 

(ppm) 

CCO2BR 

(mg/m3) 

HCO2BR 

(mg) 

95 606.62 1,091.66 157.20 840.57 1,512.69 217.83 763.09 1,373.25 197.75 

96 606.62 1,091.66 157.20 806.91 1,452.10 209.10 763.09 1,373.25 197.75 

97 606.62 1,091.66 157.20 855.46 1,539.48 221.68 763.09 1,373.25 197.75 

98 606.62 1,091.66 157.20 872.55 1,570.22 226.11 763.09 1,373.25 197.75 

99 606.62 1,091.66 157.20 879.31 1,582.40 227.87 763.09 1,373.25 197.75 

100 606.62 1,091.66 157.20 903.33 1,625.63 234.09 763.09 1,373.25 197.75 

101 606.62 1,091.66 157.20 904.01 1,626.85 234.27 763.09 1,373.25 197.75 

102 606.62 1,091.66 157.20 891.15 1,603.71 230.93 763.09 1,373.25 197.75 

103 606.62 1,091.66 157.20 874.91 1,574.49 226.73 763.09 1,373.25 197.75 

104 606.62 1,091.66 157.20 866.29 1,558.96 224.49 763.09 1,373.25 197.75 

105 606.62 1,091.66 157.20 857.15 1,542.52 222.12 763.09 1,373.25 197.75 

106 606.62 1,091.66 157.20 847.51 1,525.17 219.62 763.09 1,373.25 197.75 

107 606.62 1,091.66 157.20 839.05 1,509.95 217.43 763.09 1,373.25 197.75 

108 606.62 1,091.66 157.20 833.81 1,500.51 216.07 763.09 1,373.25 197.75 

109 606.62 1,091.66 157.20 830.59 1,494.73 215.24 763.09 1,373.25 197.75 

110 606.62 1,091.66 157.20 826.53 1,487.42 214.19 763.09 1,373.25 197.75 

111 606.62 1,091.66 157.20 814.86 1,466.41 211.16 763.09 1,373.25 197.75 

112 606.62 1,091.66 157.20 797.94 1,435.97 206.78 763.09 1,373.25 197.75 

113 606.62 1,091.66 157.20 792.36 1,425.92 205.33 763.09 1,373.25 197.75 

114 606.62 1,091.66 157.20 775.11 1,394.87 200.86 763.09 1,373.25 197.75 

115 606.62 1,091.66 157.20 766.65 1,379.65 198.67 763.09 1,373.25 197.75 

116 606.62 1,091.66 157.20 763.09 1,373.26 197.75 763.09 1,373.25 197.75 

117 563.99 1,014.94 146.15 760.56 1,368.69 197.09 763.09 1,373.25 197.09 

118 563.99 1,014.94 146.15 765.12 1,376.91 198.28 754.77 1,358.28 195.59 

119 563.99 1,014.94 146.15 776.63 1,397.61 201.26 754.77 1,358.28 195.59 

120 563.99 1,014.94 146.15 776.80 1,397.92 201.30 754.77 1,358.28 195.59 

121 563.99 1,014.94 146.15 783.73 1,410.40 203.10 754.77 1,358.28 195.59 

122 563.99 1,014.94 146.15 780.01 1,403.70 202.13 754.77 1,358.28 195.59 

123 563.99 1,014.94 146.15 775.11 1,394.87 200.86 754.77 1,358.28 195.59 

124 563.99 1,014.94 146.15 787.79 1,417.70 204.15 754.77 1,358.28 195.59 

125 563.99 1,014.94 146.15 787.12 1,416.49 203.97 754.77 1,358.28 195.59 

126 563.99 1,014.94 146.15 780.69 1,404.92 202.31 754.77 1,358.28 195.59 

127 563.99 1,014.94 146.15 776.12 1,396.70 201.12 754.77 1,358.28 195.59 

128 563.99 1,014.94 146.15 773.75 1,392.44 200.51 754.77 1,358.28 195.59 

129 563.99 1,014.94 146.15 774.09 1,393.05 200.60 754.77 1,358.28 195.59 

130 563.99 1,014.94 146.15 773.58 1,392.13 200.47 754.77 1,358.28 195.59 

131 563.99 1,014.94 146.15 771.21 1,387.87 199.85 754.77 1,358.28 195.59 

132 563.99 1,014.94 146.15 775.61 1,395.79 200.99 754.77 1,358.28 195.59 

133 563.99 1,014.94 146.15 782.72 1,408.57 202.83 754.77 1,358.28 195.59 

134 563.99 1,014.94 146.15 784.07 1,411.01 203.18 754.77 1,358.28 195.59 

135 563.99 1,014.94 146.15 782.55 1,408.27 202.79 754.77 1,358.28 195.59 

136 563.99 1,014.94 146.15 772.91 1,390.91 200.29 754.77 1,358.28 195.59 

137 563.99 1,014.94 146.15 770.88 1,387.26 199.77 754.77 1,358.28 195.59 

138 563.99 1,014.94 146.15 762.76 1,372.65 197.66 754.77 1,358.28 195.59 

139 563.99 1,014.94 146.15 760.73 1,369.00 197.14 754.77 1,358.28 195.59 

140 562.97 1,013.12 145.89 754.13 1,357.12 195.43 754.77 1,358.28 195.43 

141 562.97 1,013.12 145.89 767.15 1,380.56 198.80 754.77 1,358.28 195.59 

142 562.97 1,013.12 145.89 841.93 1,515.12 218.18 880.00 1,583.64 218.18 

143 562.97 1,013.12 145.89 903.67 1,626.24 234.18 880.00 1,583.64 228.04 

144 562.97 1,013.12 145.89 1,008.05 1,814.07 261.23 880.00 1,583.64 228.04 

145 562.97 1,013.12 145.89 1,038.33 1,868.57 269.07 880.00 1,583.64 228.04 

146 562.97 1,013.12 145.89 1,056.26 1,900.84 273.72 880.00 1,583.64 228.04 

147 562.97 1,013.12 145.89 1,065.06 1,916.67 276.00 880.00 1,583.64 228.04 

148 562.97 1,013.12 145.89 1,076.73 1,937.67 279.02 880.00 1,583.64 228.04 

149 562.97 1,013.12 145.89 1,077.91 1,939.80 279.33 880.00 1,583.64 228.04 

150 562.97 1,013.12 145.89 1,081.80 1,946.81 280.34 880.00 1,583.64 228.04 

151 562.97 1,013.12 145.89 1,074.36 1,933.41 278.41 880.00 1,583.64 228.04 

152 562.97 1,013.12 145.89 1,064.89 1,916.36 275.96 880.00 1,583.64 228.04 

153 562.97 1,013.12 145.89 1,053.55 1,895.97 273.02 880.00 1,583.64 228.04 

154 562.97 1,013.12 145.89 1,048.14 1,886.22 271.62 880.00 1,583.64 228.04 
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Cultivating 

time (Hour) 

Fish tank inlet carbon dioxide Fish tank outlet carbon dioxide Basic respiration 

CCO2FI 

(ppm) 

CCO2FI 

(mg/m3) 

HCO2FI 

(mg) 

CCO2FO 

(ppm) 

CCO2FO 

(mg/m3) 

HCO2FO 

(mg) 

CCO2BR 

(ppm) 

CCO2BR 

(mg/m3) 

HCO2BR 

(mg) 

155 562.97 1,013.12 145.89 1,043.23 1,877.39 270.34 880.00 1,583.64 228.04 

156 562.97 1,013.12 145.89 996.54 1,793.37 258.25 880.00 1,583.64 228.04 

157 562.97 1,013.12 145.89 978.95 1,761.71 253.69 880.00 1,583.64 228.04 

158 562.97 1,013.12 145.89 983.18 1,769.32 254.78 880.00 1,583.64 228.04 

159 562.97 1,013.12 145.89 960.51 1,728.53 248.91 880.00 1,583.64 228.04 

160 562.97 1,013.12 145.89 949.01 1,707.83 245.93 880.00 1,583.64 228.04 

161 562.97 1,013.12 145.89 923.63 1,662.16 239.35 880.00 1,583.64 228.04 

162 562.97 1,013.12 145.89 898.26 1,616.50 232.78 880.00 1,583.64 228.04 

163 562.97 1,013.12 145.89 882.86 1,588.79 228.79 880.00 1,583.64 228.04 

164 562.97 1,013.12 145.89 880.83 1,585.14 228.26 880.00 1,583.64 228.04 

165 562.97 1,013.12 145.89 890.65 1,602.80 230.80 880.00 1,583.64 228.04 

166 561.96 1,011.29 145.63 912.81 1,642.68 236.55 830.00 1,493.66 215.09 

167 561.96 1,011.29 145.63 916.19 1,648.77 237.42 830.00 1,493.66 215.09 

168 561.96 1,011.29 145.63 1,016.17 1,828.69 263.33 830.00 1,493.66 215.09 

169 561.96 1,011.29 145.63 990.29 1,782.11 256.62 830.00 1,493.66 215.09 

170 561.96 1,011.29 145.63 975.06 1,754.71 252.68 830.00 1,493.66 215.09 

171 561.96 1,011.29 145.63 956.11 1,720.61 247.77 830.00 1,493.66 215.09 

172 561.96 1,011.29 145.63 975.57 1,755.62 252.81 830.00 1,493.66 215.09 

173 561.96 1,011.29 145.63 989.78 1,781.19 256.49 830.00 1,493.66 215.09 

174 561.96 1,011.29 145.63 965.93 1,738.27 250.31 830.00 1,493.66 215.09 

175 561.96 1,011.29 145.63 951.55 1,712.39 246.58 830.00 1,493.66 215.09 

176 561.96 1,011.29 145.63 923.46 1,661.86 239.31 830.00 1,493.66 215.09 

177 561.96 1,011.29 145.63 892.51 1,606.15 231.29 830.00 1,493.66 215.09 

178 561.96 1,011.29 145.63 873.90 1,572.66 226.46 830.00 1,493.66 215.09 

179 561.96 1,011.29 145.63 859.52 1,546.78 222.74 830.00 1,493.66 215.09 

180 561.96 1,011.29 145.63 844.29 1,519.38 218.79 830.00 1,493.66 215.09 

181 561.96 1,011.29 145.63 838.37 1,508.73 217.26 830.00 1,493.66 215.09 

182 561.96 1,011.29 145.63 882.86 1,588.79 228.79 830.00 1,493.66 215.09 

183 561.96 1,011.29 145.63 913.82 1,644.51 236.81 830.00 1,493.66 215.09 

184 561.96 1,011.29 145.63 884.56 1,591.84 229.22 830.00 1,493.66 215.09 

185 561.96 1,011.29 145.63 869.33 1,564.44 225.28 830.00 1,493.66 215.09 

186 561.96 1,011.29 145.63 854.11 1,537.04 221.33 830.00 1,493.66 215.09 

  Sum 27,271  Sum 44,233  Sum 39,302 

 

Table E3 the amount of carbon dioxide from Fish cultivating unit during nile tilapia 

cultivation 

CO2 parameter Replication 1 Replication 2 

Amount of inlet CO2 (g) 27.33 27.27 

Amount of outlet CO2 (g) 45.90 44.23 

Amount of gained CO2 (g) 18.58 16.96 

Basic respiration (g) 15.24 12.03 

Feed utilization (g) 3.33 4.93 
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Table E4 Cell number density of Scenedesmus armatus during the cultivation in 1-L 

photobioreactor with 4 conditions (C: Ambient air + Original BG-11, T1: Outlet air 

from aquaculture unit + Original BG-11, T2: Ambient air + Modified BG-11 and T3: 

Outlet air from aquaculture unit + Modified BG-11). 

Cultivating 

time (days) 

Cell number density of C (104 cells / mL) 

1 2 3 Average S.D. 

0 27.06 22.00 15.83 21.63 5.62 

1 46.67 51.33 36.83 44.94 7.40 

2 176.67 117.08 112.08 135.28 35.93 

3 207.50 235.42 202.92 215.28 17.59 

4 241.67 372.50 454.17 356.11 107.19 

5 379.17 468.75 529.17 459.03 75.47 

6 376.39 904.17 920.83 733.80 309.64 

7 454.17 1,054.17 841.67 783.33 304.22 

8 404.17 1,195.83 658.33 752.78 404.20 

Cultivating 

time (days) 

Cell number density of T1 (104 cells / mL) 

1 2 3 Average S.D. 

0 20.28 26.17 18.10 21.51 4.17 

1 50.33 45.17 43.67 46.39 3.50 

2 123.33 123.33 152.50 133.06 16.84 

3 233.33 161.67 271.67 222.22 55.84 

4 393.75 210.83 395.83 333.47 106.21 

5 829.17 602.08 666.67 699.31 117.01 

6 925.00 887.50 933.33 915.28 24.41 

7 1,133.33 912.50 1,050.00 1,031.94 111.52 

8 1,500.00 1,000.00 1,104.17 1,201.39 263.80 

Cultivating 

time (days) 

Cell number density of T2 (104 cells / mL) 

1 2 3 Average S.D. 

0 21.06 22.72 19.17 20.98 1.78 

1 47.00 36.00 26.50 36.50 10.26 

2 159.17 49.67 48.33 85.72 63.61 

3 183.33 142.50 75.42 133.75 54.49 

4 268.06 148.33 203.33 206.57 59.93 

5 402.08 151.67 202.50 252.08 132.37 

6 379.17 154.17 207.50 246.94 117.57 

7 418.75 270.83 283.33 324.31 82.03 

8 454.17 425.00 363.89 414.35 46.07 
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Cultivating 

time (days) 

Cell number density of T3 (104 cells / mL) 

1 2 3 Average S.D. 

0 17.17 20.39 20.94 19.50 2.04 

1 35.33 44.17 34.33 37.94 5.41 

2 73.75 97.92 111.67 94.44 19.20 

3 88.75 165.83 81.83 112.14 46.63 

4 239.17 413.89 297.22 316.76 88.98 

5 406.94 566.67 322.22 431.94 124.13 

6 566.67 729.17 416.67 570.83 156.29 

7 750.00 945.83 556.25 750.69 194.79 

8 1,266.67 1,158.33 693.75 1,039.58 304.36 

 

Table E5 Biomass of Scenedesmus armatus during the cultivation in 1-L 

photobioreactor with 4 conditions (C: Ambient air + Original BG-11, T1: Outlet air 

from aquaculture unit + Original BG-11, T2: Ambient air + Modified BG-11 and T3: 

Outlet air from aquaculture unit + Modified BG-11). 

Cultivating 

time (days) 

Biomass of C (mg / L) 

1 2 3 Average S.D. 

0 41.33 34.67 48.00 41.33 6.67 

2 113.33 143.59 146.67 134.53 18.42 

4 255.56 333.33 393.33 327.41 69.08 

6 421.43 511.11 700.00 605.56 142.20 

8 550.00 901.67 798.33 750.00 180.75 

Cultivating 

time (days) 

Biomass of T1 (mg / L) 

1 2 3 Average S.D. 

0 40.00 53.33 61.33 51.56 10.78 

2 108.89 124.44 144.44 125.93 17.82 

4 324.44 282.22 368.89 325.19 43.34 

6 664.44 491.11 640.00 598.52 93.82 

8 1,003.33 841.67 901.67 915.56 81.72 

Cultivating 

time (days) 

Biomass of T2 (mg / L) 

1 2 3 Average S.D. 

0 27.78 58.67 29.33 43.22 17.40 

2 88.89 91.11 66.67 90.00 13.52 

4 271.11 246.67 206.67 258.89 32.53 

6 633.33 262.22 215.56 447.78 228.92 
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8 836.67 561.67 491.67 699.17 182.37 

Cultivating 

time (days) 

Biomass of T3 (mg / L) 

1 2 3 Average S.D. 

0 32.00 40.00 33.33 35.11 4.29 

2 35.56 64.44 64.44 54.81 16.68 

4 202.22 364.44 217.78 261.48 89.51 

6 524.44 597.78 544.44 555.56 37.91 

8 820.00 1,011.67 803.33 878.33 115.77 

 

 

  

  

Figure E1 Maximum specific growth rate of Scenedesmus armatus during the 

cultivation in 1-L photobioreactor with 4 conditions (C: Ambient air + Original BG-11, 

T1: Outlet air from aquaculture unit + Original BG-11, T2: Ambient air + Modified 

BG-11 and T3: Outlet air from aquaculture unit + Modified BG-11). 
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Table E6 Nitrate concentrations of Scenedesmus armatus during the cultivation in  

1-L photobioreactor with 4 conditions (C: Ambient air + Original BG-11, T1: Outlet 

air from aquaculture unit + Original BG-11, T2: Ambient air + Modified BG-11 and 

T3: Outlet air from aquaculture unit + Modified BG-11). 

Cultivating 

time (days) 

Nitrate concentrations of C (mg N/ L) 

1 2 3 Average S.D. 

0 255.06 251.91 251.15 252.71 2.08 

2 253.82 237.77 249.52 247.04 8.31 

4 244.74 255.93 242.74 247.80 7.11 

6 229.65 224.92 223.44 226.00 3.24 

8 186.38 214.86 227.58 209.61 21.10 

Cultivating 

time (days) 

Nitrate concentrations of T1 (mg N/ L) 

1 2 3 Average S.D. 

0 271.98 259.84 265.58 265.80 6.07 

2 259.17 223.24 257.74 246.72 20.34 

4 247.80 260.23 250.10 252.71 6.61 

6 246.21 178.59 257.64 227.48 42.72 

8 183.32 196.63 206.58 195.51 11.67 

Cultivating 

time (days) 

Nitrate concentrations of T2 (mg N/ L) 

1 2 3 Average S.D. 

0 237.00 220.76 206.80 221.52 15.11 

2 233.56 221.71 227.64 227.64 5.93 

4 266.63 190.46 225.25 227.45 38.13 

6 229.65 208.95 217.52 218.71 10.40 

8 207.18 182.34 189.63 193.05 12.77 

Cultivating 

time (days) 

Nitrate concentrations of T3 (mg N/ L) 

1 2 3 Average S.D. 

0 239.58 230.03 236.91 235.51 4.93 

2 222.38 231.94 228.12 227.48 4.81 

4 215.60 201.64 223.34 213.53 10.99 

6 179.38 142.42 182.34 168.05 22.24 

8 172.38 199.88 193.48 188.58 14.39 
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Table E7 Phosphate concentrations of Scenedesmus armatus during the cultivation in  

1-L photobioreactor with 4 conditions (C: Ambient air + Original BG-11, T1: Outlet 

air from aquaculture unit + Original BG-11, T2: Ambient air + Modified BG-11 and 

T3: Outlet air from aquaculture unit + Modified BG-11). 

Cultivating 

time (days) 

Phosphate concentrations of C (mg P/ L) 

1 2 3 Average S.D. 

0 9.00 8.93 7.75 8.56 0.05 

2 6.70 8.46 7.68 7.61 0.88 

4 1.73 3.34 1.82 2.30 0.91 

6 1.06 3.67 7.70 4.14 3.35 

8 1.99 2.18 1.08 1.75 0.59 

Cultivating 

time (days) 

Phosphate concentrations of T1 (mg P/ L) 

1 2 3 Average S.D. 

0 9.42 8.78 8.30 8.83 0.45 

2 8.04 6.41 5.95 6.80 1.10 

4 3.27 2.84 2.17 2.76 0.55 

6 3.55 2.74 4.22 3.50 0.74 

8 2.39 2.34 2.85 2.53 0.28 

Cultivating 

time (days) 

Phosphate concentrations of T2 (mg P/ L) 

1 2 3 Average S.D. 

0 6.28 6.91 7.47 6.89 0.59 

2 5.93 6.35 6.93 6.40 0.50 

4 1.92 0.52 1.34 1.26 0.71 

6 1.34 0.32 0.40 0.69 0.56 

8 0.00 0.35 0.40 0.25 0.22 

Cultivating 

time (days) 

Phosphate concentrations of T3 (mg P/ L) 

1 2 3 Average S.D. 

0 8.25 5.48 7.76 7.16 1.48 

2 6.61 6.86 7.39 6.95 0.40 

4 5.20 2.12 4.67 4.00 1.65 

6 0.26 0.10 0.33 0.23 0.12 

8 0.21 0.26 0.25 0.24 0.03 
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Table E8 pH of Scenedesmus armatus during the cultivation in 1-L photobioreactor 

with 4 conditions (C: Ambient air + Original BG-11, T1: Outlet air from aquaculture 

unit + Original BG-11, T2: Ambient air + Modified BG-11 and T3: Outlet air from 

aquaculture unit + Modified BG-11). 

Cultivating time 

(days) 

pH 

C T1 T2 T3 

0 7.9 ± 0.2 8.0 ± 0 8.1 ± 0.6 7.8 ± 0 

2 8.8 ± 0.4 8.9 ± 0.7 8.7 ± 0.1 8.3 ± 0.2 

4 10.7 ± 0 10.9 ± 0.3 10.6 ± 0.2 9.8 ± 0.8 

6 10.8 ± 0.5 10.3 ± 0.2 10.4 ± 0.2 10.4 ± 0.4 

8 11.0 ± 0.4 10.6 ± 0.3 10.5 ± 0.2 10.3 ± 0.4 

 

Table E9 Total alkalinity of Scenedesmus armatus during the cultivation in 1-L 

photobioreactor with 4 conditions (C: Ambient air + Original BG-11, T1: Outlet air 

from aquaculture unit + Original BG-11, T2: Ambient air + Modified BG-11 and T3: 

Outlet air from aquaculture unit + Modified BG-11) 

Cultivating time 

(days) 

Total alkalinity (mg CaCO3 / L) 

C T1 T2 T3 

0 60.00 ± 0.00 60.00 ± 0.00 50.00 ± 14.14 40.00 ± 0.00 

2 100.00 ± 0.00 100.00 ± 0.00 70.00 ± 14.14 86.67 ± 11.55 

4 133.33 ± 11.55 133.33 ± 11.55 100.00 ± 28.28 120.00 ± 20.00 

6 146.67 ± 23.09 173.33 ± 46.19 130.00 ± 42.43 140.00 ± 34.64 

8 220.00 ± 52.92 286.67 ± 23.09 210.00 ± 70.71 266.67 ± 30.55 

 

Table E10 Dissolved inorganic nitrogen concentrations of Fish tank (FT) and Solid 

separating (SU) 

Cultivating 

time (days) 

Total ammonia nitrogen 

concentrations (mg N / L) 

Nitrite concentrations 

(mg N / L) 

Nitrate concentrations  

(mg N / L) 

FT SU FT SU FT SU 

0 0.10 ± 0.01 0.16 ± 0.03 0.03 ± 0.02 0.06 ± 0.02 47.93 ± 1.74 50.32 ± 1.37 

2 0.12 ± 0.02 0.21 ± 0.02 0.22 ± 0.11 0.06 ± 0.03 49.50 ± 0.73 52.42 ± 3.48 

4 0.10 ± 0.01 0.19 ± 0.03 0.06 ± 0.02 0.03 ± 0.01 49.07 ± 2.78 55.39 ± 2.20 

6 0.05 ± 0.00 0.08 ± 0.05 0.04 ± 0.01 0.02 ± 0.01 47.69 ± 0.88 46.69 ± 4.79 

8 0.06 ± 0.01 0.09 ± 0.04 0.03 ± 0.00 0.03 ± 0.00 54.94 ± 0.95 55.19 ± 1.40 
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Table E11 Dissolved oxygen, pH, temperature and total alkalinity of Fish tank (FT) 

and Solid separating unit (SU). 

Cultivating 

time (days) 

Dissolved oxygen (mg / L) pH Temperature (oC) 

FT SU FT SU FT SU 

0 7.1 7.6 8.2 8.3 29.3 29.3 

2 6.5 6.8 8.2 8.4 30.3 30.6 

4 6.4 6.7 8.1 8.2 30.7 31.2 

6 5.3 5.9 8.1 8.2 31.4 31.6 

8 7.0 6.7 8.1 8.1 31.3 31.2 

 

Table E12 Pigments content in Scenedesmus armatus at the end of cultivation on day 9. 

Pigment 

Pigment content (mg/g) 

C T1 

1 2 3 Average S.D. 1 2 3 Average S.D. 

Chlorophyll a 3.66 6.27 2.83 4.25 1.80 3.55 3.59 3.57 3.57 0.02 

Total 

carotenoids 
1.32 2.19 1.21 1.58 0.54 1.45 1.20 2.05 1.57 0.44 

Lutein 0.64 1.04 0.76 0.81 0.21 0.73 0.61 0.65 0.67 0.06 

Pigment 

Pigment content (mg/g) 

T2 T3 

1 2 3 Average S.D. 1 2 3 Average S.D. 

Chlorophyll a 4.16 3.27 10.71 6.05 4.07 9.06 6.79 5.82 7.23 1.66 

Total 

carotenoids 
1.54 1.05 1.62 1.41 0.31 2.46 2.35 1.69 2.17 0.41 

Lutein 0.71 0.66 0.64 0.67 0.03 1.10 0.85 0.87 0.94 0.14 
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Appendix F 

 

Table F1 Dissolved oxygen, pH, temperature and alkalinity of RAS during nile 

tilapias cultivations with 3 kg/m3 fish density (FT: Fish tank, SU: Solid separating 

unit) 

Cultivating 

time (days) 

Dissolved oxygen 

(mg / L) 
pH Temperature (oC) 

Total alkalinity 

(mg CaCO3/ L) 

FT SU FT SU FT SU FT SU 

0 6.8 6.6 7.5 7.7 30.60 30.85 160.0 150.0 

2 6.8 7.1 8.0 8.1 31.10 31.25 160.0 170.0 

4 6.9 7.2 7.9 8.0 30.20 30.30 140.0 160.0 

6 6.0 7.3 7.6 7.9 30.80 30.90 160.0 160.0 

8 6.7 7.3 7.9 8.1 29.70 30.25 140.0 150.0 

 

Table F2 Dissolved oxygen, pH, temperature and alkalinity of RAS during nile 

tilapias cultivations with 5 kg/m3 fish density (FT: Fish tank, SU: Solid separating 

unit) 

Cultivating 

time (days) 

Dissolved oxygen 

(mg / L) 
pH Temperature 

Total alkalinity 

(mg CaCO3/ L) 

FT SU FT SU FT SU FT SU 

0 6.1 7.5 8.3 8.3 29.30 29.25 180.0 200.0 

2 6.4 6.7 7.9 7.9 29.20 30.10 180.0 193.3 

4 7.1 6.9 8.2 8.1 30.00 30.00 200.0 200.0 

6 7.0 7.5 8.2 8.2 29.40 28.00 200.0 173.3 

8 6.6 7.5 8.2 8.3 30.30 29.30 180.0 153.3 

 

Table F3 Dissolved oxygen, pH, temperature and alkalinity of RAS during nile tilapias 

cultivations with 10 kg/m3 fish density (FT: Fish tank, SU: Solid separating unit) 

Cultivating 

time (days) 

Dissolved oxygen 

(mg / L) 
pH Temperature 

Total alkalinity 

(mg CaCO3/ L) 

FT SU FT SU FT SU FT SU 

0 6.6 8.2 8.0 8.3 29.60 29.65 160.0 140.0 

2 6.4 7.7 8.0 8.0 30.30 30.30 160.0 160.0 

4 6.1 7.6 8.1 8.0 30.40 30.40 180.0 180.0 

6 6.9 8.2 8.0 8.0 30.50 30.45 180.0 180.0 
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Cultivating 

time (days) 

Dissolved oxygen 

(mg / L) 
pH Temperature 

Total alkalinity 

(mg CaCO3/ L) 

FT SU FT SU FT SU FT SU 

8 5.6 6.8 8.1 8.2 30.80 31.05 200.0 200.0 

 

Table F4 Dissolved inorganic nitrogen concentrations of RAS during nile tilapias 

cultivations with 3 kg/m3 fish density (FT: Fish tank, SU: Solid separating unit) 

Cultivating 

time (days) 

Total ammonia nitrogen 

concentrations (mg N/L) 

Nitrite concentrations 

(mg N / L) 

Nitrate concentrations 

(mg N / L) 

FT SU FT SU FT SU 

0 0.11 0.13 0.01 0.02 39.53 39.85 

2 0.06 0.26 0.01 0.07 39.37 43.23 

4 0.08 0.13 0.03 0.04 37.18 37.86 

6 0.12 0.12 0.07 0.02 36.72 41.32 

8 0.10 0.27 0.07 0.05 35.53 38.00 

 

Table F5 Dissolved inorganic nitrogen concentrations of RAS during nile tilapias 

cultivations with 5 kg/m3 fish density (FT: Fish tank, SU: Solid separating unit) 

Cultivating 

time (days) 

Total ammonia nitrogen 

concentrations (mg N/L) 

Nitrite concentrations 

(mg N / L) 

Nitrate concentrations 

(mg N / L) 

FT SU FT SU FT SU 

0 0.16 0.17 0.03 0.04 31.82 32.34 

2 0.20 0.33 0.05 0.07 32.07 36.72 

4 0.21 0.37 0.07 0.09 34.10 39.03 

6 0.59 0.79 0.30 0.11 36.81 39.64 

8 0.23 0.29 0.08 0.09 31.08 30.85 

 

Table F6 Dissolved inorganic nitrogen concentrations of RAS during nile tilapias 

cultivations with 10 kg/m3 fish density (FT: Fish tank, SU: Solid separating unit) 

Cultivating 

time (days) 

Total ammonia nitrogen 

concentrations (mg N / L) 

Nitrite concentrations 

(mg N / L) 

Nitrate concentrations 

(mg N / L) 

FT SU FT SU FT SU 

0 0.49 0.51 0.04 0.04 43.04 46.88 

2 0.57 0.51 0.56 0.79 43.75 47.84 

4 0.41 0.56 0.20 0.33 39.72 46.43 

6 0.32 0.38 0.10 0.29 42.74 44.15 
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Cultivating 

time (days) 

Total ammonia nitrogen 

concentrations (mg N / L) 

Nitrite concentrations 

(mg N / L) 

Nitrate concentrations 

(mg N / L) 

FT SU FT SU FT SU 

8 0.35 0.55 0.23 0.57 41.32 41.34 

 

 

Table F7 Total suspended solids concentration of RAS during nile tilapias 

cultivations with 3, 5 and 10 kg/m3 fish density (FT: The concentration of Fish tank, 

SU1: The concentration of the 1st chamber of Solid separating unit and SU2: The 

concentration of the 2nd chamber of Solid separating unit). 

Cultivating 

time (days) 

Total suspended solids concentration (mg / L) 

Fish density 3 kg / m3 Fish density 5 kg / m3 Fish density 10 kg / m3 

FT SU1 SU2 FT SU1 SU2 FT SU SU2 

0 60.00 388.00 221.33 50.00 332.22 110.00 103.33 166.67 106.67 

2 36.00 385.33 260.00 67.78 273.33 122.22 82.22 158.89 296.67 

4 57.33 624.00 129.33 66.67 466.67 120.00 78.89 238.89 207.78 

6 88.00 618.67 99.56 105.56 508.15 176.30 40.00 391.11 328.15 

8 77.33 643.56 201.78 54.44 562.96 99.26 91.11 454.81 173.33 

 

Table F8 Total suspended solids and the ratio of suspended solids in each part of 

RAS during nile tilapias cultivations with 3, 5 and 10 kg/m3 fish density (FU: The 

concentration of Fish cultivating unit, SU1: The concentration of the 1st chamber of 

Solid separating unit and SU2: The concentration of the 2nd chamber of Solid  

separating unit). 

Cultivating 

time (days) 

Total suspended solids (g) 

Ratio of suspended solids in each part (%) 

Fish density 3 kg / m3 Fish density 5 kg / m3 Fish density 10 kg / m3 

FU SU1 SU2 FU SU1 SU2 FU SU SU2 

0 
3.24 

16.45% 

10.48 

53.20% 

5.98 

30.35% 

2.70 

18.44% 

8.97 

61.27% 

2.97 

20.29% 

5.58 

43.06% 

4.50 

34.72% 

2.88 

22.22% 

2 
1.94 

10.04% 

10.40 

53.72% 

7.02 

36.25% 

3.66 

25.52% 

7.38 

51.46% 

3.30 

23.01% 

4.44 

26.52% 

4.29 

25.63% 

8.01 

47.85% 

4 
3.10 

13.21% 

16.85 

71.89% 

3.49 

14.90% 

3.60 

18.52% 

12.60 

64.81% 

3.24 

16.67% 

4.26 

26.10% 

6.45 

39.52% 

5.61 

34.38% 

6 
4.75 

19.68% 

16.70 

69.18% 

2.69 

11.13% 

5.70 

23.57% 

13.72 

56.74% 

4.76 

19.69% 

2.16 

10.01% 

10.56 

48.93% 

8.86 

41.06% 
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Cultivating 

time (days) 

Total suspended solids (g) 

Ratio of suspended solids in each part (%) 

Fish density 3 kg / m3 Fish density 5 kg / m3 Fish density 10 kg / m3 

8 
4.18 

15.47% 

17.38 

64.36% 

5.45 

20.18% 

2.94 

14.12% 

15.20 

73.01% 

2.68 

12.87% 

4.92 

22.49% 

12.28 

56.12% 

4.68 

21.39% 
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Table F9 the concentrations and mass of carbon dioxide in air that flow in/out Fish tank 

during nile tilapia cultivation with 3 kg/m3 fish density including basic respiration. 

Cultivating 

time (Hour) 

Fish tank inlet carbon dioxide Fish tank outlet carbon dioxide Basic respiration 

CCO2FI 

(ppm) 

CCO2FI 

(mg/m3) 

HCO2FI 

(mg) 

CCO2FO 

(ppm) 

CCO2FO 

(mg/m3) 

HCO2FO 

(mg) 

CCO2BR 

(ppm) 

CCO2BR 

(mg/m3) 

HCO2BR 

(mg) 

1 535.57 963.80 138.79 767.15 1,380.56 198.80 767.15 1,380.56 198.80 

2 535.57 963.80 138.79 868.49 1,562.92 225.06 804.54 1,447.84 208.49 

3 535.57 963.80 138.79 862.23 1,551.65 223.44 804.54 1,447.84 208.49 

4 535.57 963.80 138.79 835.67 1,503.86 216.56 804.54 1,447.84 208.49 

5 535.57 963.80 138.79 827.89 1,489.85 214.54 804.54 1,447.84 208.49 

6 535.57 963.80 138.79 855.97 1,540.39 221.82 804.54 1,447.84 208.49 

7 535.57 963.80 138.79 888.28 1,598.54 230.19 804.54 1,447.84 208.49 

8 535.57 963.80 138.79 910.95 1,639.33 236.06 804.54 1,447.84 208.49 

9 535.57 963.80 138.79 919.24 1,654.25 238.21 804.54 1,447.84 208.49 

10 535.57 963.80 138.79 917.37 1,650.90 237.73 804.54 1,447.84 208.49 

11 535.57 963.80 138.79 905.70 1,629.89 234.70 804.54 1,447.84 208.49 

12 535.57 963.80 138.79 873.90 1,572.66 226.46 804.54 1,447.84 208.49 

13 535.57 963.80 138.79 851.91 1,533.08 220.76 804.54 1,447.84 208.49 

14 535.57 963.80 138.79 853.94 1,536.74 221.29 804.54 1,447.84 208.49 

15 535.57 963.80 138.79 851.91 1,533.08 220.76 804.54 1,447.84 208.49 

16 535.57 963.80 138.79 842.10 1,515.43 218.22 804.54 1,447.84 208.49 

17 535.57 963.80 138.79 822.81 1,480.72 213.22 804.54 1,447.84 208.49 

18 535.57 963.80 138.79 814.18 1,465.20 210.99 804.54 1,447.84 208.49 

19 535.57 963.80 138.79 850.89 1,531.26 220.50 804.54 1,447.84 208.49 

20 566.02 1,018.60 146.68 861.72 1,550.74 223.31 848.19 1,526.39 219.80 

21 566.02 1,018.60 146.68 865.27 1,557.13 224.23 848.19 1,526.39 219.80 

22 566.02 1,018.60 146.68 877.96 1,579.97 227.52 848.19 1,526.39 219.80 

23 566.02 1,018.60 146.68 843.28 1,517.56 218.53 843.28 1,517.56 218.53 

24 566.02 1,018.60 146.68 862.23 1,551.65 223.44 848.19 1,526.39 219.80 

25 566.02 1,018.60 146.68 885.91 1,594.27 229.58 848.19 1,526.39 219.80 

26 566.02 1,018.60 146.68 870.68 1,566.88 225.63 848.19 1,526.39 219.80 

27 566.02 1,018.60 146.68 929.05 1,671.90 240.75 848.19 1,526.39 219.80 

28 566.02 1,018.60 146.68 939.03 1,689.87 243.34 848.19 1,526.39 219.80 

29 566.02 1,018.60 146.68 970.15 1,745.88 251.41 848.19 1,526.39 219.80 

30 566.02 1,018.60 146.68 970.83 1,747.10 251.58 848.19 1,526.39 219.80 

31 566.02 1,018.60 146.68 940.89 1,693.21 243.82 848.19 1,526.39 219.80 

32 566.02 1,018.60 146.68 929.39 1,672.51 240.84 848.19 1,526.39 219.80 

33 566.02 1,018.60 146.68 916.87 1,649.99 237.60 848.19 1,526.39 219.80 

34 566.02 1,018.60 146.68 902.83 1,624.72 233.96 848.19 1,526.39 219.80 

35 566.02 1,018.60 146.68 880.16 1,583.92 228.08 848.19 1,526.39 219.80 

36 566.02 1,018.60 146.68 870.01 1,565.66 225.45 848.19 1,526.39 219.80 

37 566.02 1,018.60 146.68 866.12 1,558.66 224.45 848.19 1,526.39 219.80 

38 566.02 1,018.60 146.68 856.81 1,541.91 222.04 848.19 1,526.39 219.80 

39 566.02 1,018.60 146.68 867.64 1,561.40 224.84 848.19 1,526.39 219.80 

40 566.02 1,018.60 146.68 870.52 1,566.57 225.59 848.19 1,526.39 219.80 

41 566.02 1,018.60 146.68 858.84 1,545.57 222.56 848.19 1,526.39 219.80 

42 566.02 1,018.60 146.68 850.89 1,531.26 220.50 848.19 1,526.39 219.80 

43 566.02 1,018.60 146.68 862.56 1,552.26 223.53 848.19 1,526.39 219.80 

44 566.02 1,018.60 146.68 862.23 1,551.65 223.44 848.19 1,526.39 219.80 

45 566.02 1,018.60 146.68 704.39 1,267.62 182.54 704.39 1,267.62 182.54 

46 566.02 1,018.60 146.68 792.53 1,426.23 205.38 792.53 1,426.23 205.38 

47 549.27 988.46 142.34 947.32 1,704.78 245.49 780.18 1,404.00 202.18 

48 549.27 988.46 142.34 965.25 1,737.05 250.14 780.18 1,404.00 202.18 

49 549.27 988.46 142.34 928.03 1,670.08 240.49 780.18 1,404.00 202.18 

50 549.27 988.46 142.34 908.92 1,635.68 235.54 780.18 1,404.00 202.18 

51 549.27 988.46 142.34 881.68 1,586.66 228.48 780.18 1,404.00 202.18 

52 549.27 988.46 142.34 861.89 1,551.04 223.35 780.18 1,404.00 202.18 

53 549.27 988.46 142.34 879.31 1,582.40 227.87 780.18 1,404.00 202.18 

54 549.27 988.46 142.34 903.50 1,625.93 234.13 780.18 1,404.00 202.18 

55 549.27 988.46 142.34 888.28 1,598.54 230.19 780.18 1,404.00 202.18 

56 549.27 988.46 142.34 867.81 1,561.70 224.88 780.18 1,404.00 202.18 
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Cultivating 

time (Hour) 

Fish tank inlet carbon dioxide Fish tank outlet carbon dioxide Basic respiration 

CCO2FI 

(ppm) 

CCO2FI 

(mg/m3) 

HCO2FI 

(mg) 

CCO2FO 

(ppm) 

CCO2FO 

(mg/m3) 

HCO2FO 

(mg) 

CCO2BR 

(ppm) 

CCO2BR 

(mg/m3) 

HCO2BR 

(mg) 

57 549.27 988.46 142.34 846.49 1,523.34 219.36 780.18 1,404.00 202.18 

58 549.27 988.46 142.34 832.11 1,497.47 215.63 780.18 1,404.00 202.18 

59 549.27 988.46 142.34 819.77 1,475.24 212.43 780.18 1,404.00 202.18 

60 549.27 988.46 142.34 815.87 1,468.24 211.43 780.18 1,404.00 202.18 

61 549.27 988.46 142.34 804.03 1,446.93 208.36 780.18 1,404.00 202.18 

62 549.27 988.46 142.34 789.48 1,420.75 204.59 780.18 1,404.00 202.18 

63 549.27 988.46 142.34 800.31 1,440.23 207.39 780.18 1,404.00 202.18 

64 549.27 988.46 142.34 792.02 1,425.32 205.25 780.18 1,404.00 202.18 

65 549.27 988.46 142.34 783.56 1,410.09 203.05 780.18 1,404.00 202.18 

66 549.27 988.46 142.34 801.66 1,442.67 207.74 780.18 1,404.00 202.18 

67 549.27 988.46 142.34 783.39 1,409.79 203.01 780.18 1,404.00 202.18 

68 569.06 1,024.08 147.47 760.56 1,368.69 197.09 760.56 1,368.69 197.09 

69 569.06 1,024.08 147.47 849.20 1,528.21 220.06 771.05 1,387.57 199.81 

70 569.06 1,024.08 147.47 895.89 1,612.24 232.16 771.05 1,387.57 199.81 

71 569.06 1,024.08 147.47 927.02 1,668.25 240.23 771.05 1,387.57 199.81 

72 569.06 1,024.08 147.47 925.83 1,666.12 239.92 771.05 1,387.57 199.81 

73 569.06 1,024.08 147.47 901.81 1,622.89 233.70 771.05 1,387.57 199.81 

74 569.06 1,024.08 147.47 884.22 1,591.23 229.14 771.05 1,387.57 199.81 

75 569.06 1,024.08 147.47 887.77 1,597.62 230.06 771.05 1,387.57 199.81 

76 569.06 1,024.08 147.47 948.33 1,706.61 245.75 771.05 1,387.57 199.81 

77 569.06 1,024.08 147.47 998.41 1,796.72 258.73 771.05 1,387.57 199.81 

78 569.06 1,024.08 147.47 1,051.69 1,892.62 272.54 771.05 1,387.57 199.81 

79 569.06 1,024.08 147.47 1,068.44 1,922.76 276.88 771.05 1,387.57 199.81 

80 569.06 1,024.08 147.47 1,058.97 1,905.71 274.42 771.05 1,387.57 199.81 

81 569.06 1,024.08 147.47 1,053.72 1,896.27 273.06 771.05 1,387.57 199.81 

82 569.06 1,024.08 147.47 1,055.08 1,898.70 273.41 771.05 1,387.57 199.81 

83 569.06 1,024.08 147.47 1,052.71 1,894.44 272.80 771.05 1,387.57 199.81 

84 569.06 1,024.08 147.47 1,049.83 1,889.27 272.05 771.05 1,387.57 199.81 

85 569.06 1,024.08 147.47 900.29 1,620.15 233.30 771.05 1,387.57 199.81 

86 569.06 1,024.08 147.47 828.73 1,491.38 214.76 771.05 1,387.57 199.81 

87 569.06 1,024.08 147.47 807.42 1,453.02 209.23 771.05 1,387.57 199.81 

88 569.06 1,024.08 147.47 791.68 1,424.71 205.16 771.05 1,387.57 199.81 

89 569.06 1,024.08 147.47 775.44 1,395.48 200.95 771.05 1,387.57 199.81 

90 569.06 1,024.08 147.47 769.35 1,384.52 199.37 769.35 1,384.52 199.37 

91 569.06 1,024.08 147.47 709.98 1,277.67 183.98 709.98 1,277.67 183.98 

92 569.06 1,024.08 147.47 807.75 1,453.63 209.32 771.05 1,387.57 199.81 

93 569.06 1,024.08 147.47 920.59 1,656.68 238.56 771.05 1,387.57 199.81 

94 569.06 1,024.08 147.47 906.38 1,631.11 234.88 771.05 1,387.57 199.81 

95 569.06 1,024.08 147.47 854.11 1,537.04 221.33 771.05 1,387.57 199.81 

96 580.23 1,044.17 150.36 836.01 1,504.47 216.64 780.18 1,404.00 202.18 

97 580.23 1,044.17 150.36 842.43 1,516.04 218.31 780.18 1,404.00 202.18 

98 580.23 1,044.17 150.36 858.34 1,544.65 222.43 780.18 1,404.00 202.18 

99 580.23 1,044.17 150.36 858.50 1,544.96 222.47 780.18 1,404.00 202.18 

100 580.23 1,044.17 150.36 863.07 1,553.18 223.66 780.18 1,404.00 202.18 

101 580.23 1,044.17 150.36 873.05 1,571.14 226.24 780.18 1,404.00 202.18 

102 580.23 1,044.17 150.36 880.83 1,585.14 228.26 780.18 1,404.00 202.18 

103 580.23 1,044.17 150.36 882.36 1,587.88 228.65 780.18 1,404.00 202.18 

104 580.23 1,044.17 150.36 884.05 1,590.93 229.09 780.18 1,404.00 202.18 

105 580.23 1,044.17 150.36 880.33 1,584.23 228.13 780.18 1,404.00 202.18 

106 580.23 1,044.17 150.36 866.12 1,558.66 224.45 780.18 1,404.00 202.18 

107 580.23 1,044.17 150.36 855.97 1,540.39 221.82 780.18 1,404.00 202.18 

108 580.23 1,044.17 150.36 847.68 1,525.47 219.67 780.18 1,404.00 202.18 

109 580.23 1,044.17 150.36 833.81 1,500.51 216.07 780.18 1,404.00 202.18 

110 580.23 1,044.17 150.36 812.15 1,461.54 210.46 780.18 1,404.00 202.18 

111 580.23 1,044.17 150.36 799.63 1,439.01 207.22 780.18 1,404.00 202.18 

112 580.23 1,044.17 150.36 792.19 1,425.62 205.29 780.18 1,404.00 202.18 

113 580.23 1,044.17 150.36 782.55 1,408.27 202.79 780.18 1,404.00 202.18 

114 580.23 1,044.17 150.36 780.69 1,404.92 202.31 780.18 1,404.00 202.18 

115 580.23 1,044.17 150.36 788.13 1,418.31 204.24 780.18 1,404.00 202.18 

116 580.23 1,044.17 150.36 722.16 1,299.59 187.14 722.16 1,299.59 187.14 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

148 

Cultivating 

time (Hour) 

Fish tank inlet carbon dioxide Fish tank outlet carbon dioxide Basic respiration 

CCO2FI 

(ppm) 

CCO2FI 

(mg/m3) 

HCO2FI 

(mg) 

CCO2FO 

(ppm) 

CCO2FO 

(mg/m3) 

HCO2FO 

(mg) 

CCO2BR 

(ppm) 

CCO2BR 

(mg/m3) 

HCO2BR 

(mg) 

117 560.94 1,009.46 145.36 676.31 1,217.08 175.26 651.28 1,172.03 168.77 

118 560.94 1,009.46 145.36 684.43 1,231.70 177.36 651.28 1,172.03 168.77 

119 560.94 1,009.46 145.36 695.77 1,252.09 180.30 651.28 1,172.03 168.77 

120 560.94 1,009.46 145.36 702.87 1,264.88 182.14 651.28 1,172.03 168.77 

121 560.94 1,009.46 145.36 694.41 1,249.66 179.95 651.28 1,172.03 168.77 

122 560.94 1,009.46 145.36 692.55 1,246.31 179.47 651.28 1,172.03 168.77 

123 560.94 1,009.46 145.36 692.21 1,245.70 179.38 651.28 1,172.03 168.77 

124 560.94 1,009.46 145.36 683.42 1,229.87 177.10 651.28 1,172.03 168.77 

125 560.94 1,009.46 145.36 669.21 1,204.30 173.42 651.28 1,172.03 168.77 

126 560.94 1,009.46 145.36 663.12 1,193.34 171.84 651.28 1,172.03 168.77 

127 560.94 1,009.46 145.36 662.10 1,191.51 171.58 651.28 1,172.03 168.77 

128 560.94 1,009.46 145.36 662.95 1,193.03 171.80 651.28 1,172.03 168.77 

129 560.94 1,009.46 145.36 666.33 1,199.12 172.67 651.28 1,172.03 168.77 

130 560.94 1,009.46 145.36 670.56 1,206.73 173.77 651.28 1,172.03 168.77 

131 560.94 1,009.46 145.36 674.11 1,213.13 174.69 651.28 1,172.03 168.77 

132 560.94 1,009.46 145.36 662.78 1,192.73 171.75 651.28 1,172.03 168.77 

133 560.94 1,009.46 145.36 662.95 1,193.03 171.80 651.28 1,172.03 168.77 

134 560.94 1,009.46 145.36 660.24 1,188.16 171.10 651.28 1,172.03 168.77 

135 560.94 1,009.46 145.36 656.18 1,180.86 170.04 651.28 1,172.03 168.77 

136 560.94 1,009.46 145.36 651.44 1,172.33 168.82 651.28 1,172.03 168.77 

137 560.94 1,009.46 145.36 647.72 1,165.64 167.85 647.72 1,165.64 167.85 

138 560.94 1,009.46 145.36 645.69 1,161.98 167.33 645.69 1,161.98 167.33 

139 560.94 1,009.46 145.36 866.46 1,559.26 224.53 651.28 1,172.03 168.77 

140 566.90 1,020.19 146.91 753.45 1,355.90 195.25 753.45 1,355.90 195.25 

141 566.90 1,020.19 146.91 975.74 1,755.93 252.85 920.25 1,656.07 238.47 

142 566.90 1,020.19 146.91 1,038.67 1,869.18 269.16 920.25 1,656.07 238.47 

143 566.90 1,020.19 146.91 1,075.21 1,934.93 278.63 920.25 1,656.07 238.47 

144 566.90 1,020.19 146.91 1,099.91 1,979.38 285.03 920.25 1,656.07 238.47 

145 566.90 1,020.19 146.91 1,105.32 1,989.12 286.43 920.25 1,656.07 238.47 

146 566.90 1,020.19 146.91 1,116.15 2,008.60 289.24 920.25 1,656.07 238.47 

147 566.90 1,020.19 146.91 1,115.30 2,007.08 289.02 920.25 1,656.07 238.47 

148 566.90 1,020.19 146.91 1,107.69 1,993.38 287.05 920.25 1,656.07 238.47 

149 566.90 1,020.19 146.91 1,100.58 1,980.60 285.21 920.25 1,656.07 238.47 

150 566.90 1,020.19 146.91 1,079.61 1,942.85 279.77 920.25 1,656.07 238.47 

151 566.90 1,020.19 146.91 1,054.91 1,898.40 273.37 920.25 1,656.07 238.47 

152 566.90 1,020.19 146.91 1,025.98 1,846.34 265.87 920.25 1,656.07 238.47 

153 566.90 1,020.19 146.91 1,009.23 1,816.20 261.53 920.25 1,656.07 238.47 

154 566.90 1,020.19 146.91 971.85 1,748.93 251.85 920.25 1,656.07 238.47 

155 566.90 1,020.19 146.91 942.24 1,695.65 244.17 920.25 1,656.07 238.47 

156 566.90 1,020.19 146.91 947.49 1,705.09 245.53 920.25 1,656.07 238.47 

157 566.90 1,020.19 146.91 948.33 1,706.61 245.75 920.25 1,656.07 238.47 

158 566.90 1,020.19 146.91 937.84 1,687.73 243.03 920.25 1,656.07 238.47 

159 566.90 1,020.19 146.91 924.14 1,663.08 239.48 920.25 1,656.07 238.47 

160 566.90 1,020.19 146.91 912.64 1,642.37 236.50 912.64 1,642.37 236.50 

161 566.90 1,020.19 146.91 914.67 1,646.03 237.03 914.67 1,646.03 237.03 

162 566.90 1,020.19 146.91 923.46 1,661.86 239.31 920.25 1,656.07 238.47 

163 566.90 1,020.19 146.91 931.42 1,676.17 241.37 920.25 1,656.07 238.47 

164 592.41 1,066.09 153.52 1,061.17 1,909.66 274.99 877.62 1,579.36 227.43 

165 592.41 1,066.09 153.52 1,119.70 2,015.00 290.16 877.62 1,579.36 227.43 

166 592.41 1,066.09 153.52 1,132.89 2,038.74 293.58 877.62 1,579.36 227.43 

167 592.41 1,066.09 153.52 1,152.52 2,074.06 298.66 877.62 1,579.36 227.43 

168 592.41 1,066.09 153.52 1,149.81 2,069.19 297.96 877.62 1,579.36 227.43 

169 592.41 1,066.09 153.52 1,153.36 2,075.58 298.88 877.62 1,579.36 227.43 

170 592.41 1,066.09 153.52 1,149.13 2,067.97 297.79 877.62 1,579.36 227.43 

171 592.41 1,066.09 153.52 1,132.05 2,037.22 293.36 877.62 1,579.36 227.43 

172 592.41 1,066.09 153.52 1,107.01 1,992.17 286.87 877.62 1,579.36 227.43 

173 592.41 1,066.09 153.52 1,083.50 1,949.85 280.78 877.62 1,579.36 227.43 

174 592.41 1,066.09 153.52 1,068.27 1,922.45 276.83 877.62 1,579.36 227.43 

175 592.41 1,066.09 153.52 1,041.71 1,874.65 269.95 877.62 1,579.36 227.43 

176 592.41 1,066.09 153.52 1,006.86 1,811.94 260.92 877.62 1,579.36 227.43 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

149 

Cultivating 

time (Hour) 

Fish tank inlet carbon dioxide Fish tank outlet carbon dioxide Basic respiration 

CCO2FI 

(ppm) 

CCO2FI 

(mg/m3) 

HCO2FI 

(mg) 

CCO2FO 

(ppm) 

CCO2FO 

(mg/m3) 

HCO2FO 

(mg) 

CCO2BR 

(ppm) 

CCO2BR 

(mg/m3) 

HCO2BR 

(mg) 

177 592.41 1,066.09 153.52 978.27 1,760.49 253.51 877.62 1,579.36 227.43 

178 592.41 1,066.09 153.52 954.08 1,716.96 247.24 877.62 1,579.36 227.43 

179 592.41 1,066.09 153.52 932.43 1,677.99 241.63 877.62 1,579.36 227.43 

180 592.41 1,066.09 153.52 906.38 1,631.11 234.88 877.62 1,579.36 227.43 

181 592.41 1,066.09 153.52 892.34 1,605.84 231.24 877.62 1,579.36 227.43 

182 592.41 1,066.09 153.52 882.70 1,588.49 228.74 877.62 1,579.36 227.43 

183 592.41 1,066.09 153.52 890.48 1,602.49 230.76 877.62 1,579.36 227.43 

184 592.41 1,066.09 153.52 883.03 1,589.10 228.83 877.62 1,579.36 227.43 

185 592.41 1,066.09 153.52 876.77 1,577.83 227.21 876.77 1,577.83 227.21 

186 592.41 1,066.09 153.52 876.27 1,576.92 227.08 876.27 1,576.92 227.08 

187 592.41 1,066.09 153.52 877.62 1,579.36 227.43 877.62 1,579.36 227.43 

  Sum 27,427  Sum 42,726  Sum 38,899 

 

Table F10 the concentrations and mass of carbon dioxide in air that flow in/out Solid 

separating unit during nile tilapia cultivation with 3 kg/m3 fish density. 

Cultivating time 

(Hour) 

Solid separating unit inlet carbon dioxide Solid separating unit outlet carbon dioxide 

CCO2SI 

(ppm) 

CCO2SI 

(mg/m3) 

HCO2SI 

(g) 

CCO2SO 

(ppm) 

CCO2SO 

(mg/m3) 

HCO2SO 

(g) 

1-19 535.57 963.80 10,987 745.67 1,341.90 15,298 

20-46 566.02 1,018.60 16,501 680.71 1,225.00 19,845 

47-67 549.27 988.46 12,454 692.89 1,246.92 15,711 

68-95 569.06 1,024.08 17,205 746.69 1,343.73 22,575 

96-116 580.23 1,044.17 13,157 754.81 1,358.34 17,115 

117-139 560.94 1,009.46 13,931 646.20 1,162.90 16,048 

140-163 566.90 1,020.19 14,691 705.70 1,269.98 18,288 

164-187 592.41 1,066.09 15,352 708.12 1,274.32 18,350 

  Sum 114,277  Sum 42,726 

 

Table F11 the concentrations and mass of carbon dioxide in air that flow in/out Fish tank 

during nile tilapia cultivation with 5 kg/m3 fish density including basic respiration. 

Cultivating 

time (Hour) 

Fish tank inlet carbon dioxide Fish tank outlet carbon dioxide Basic respiration 

CCO2FI 

(ppm) 

CCO2FI 

(mg/m3) 

HCO2FI 

(mg) 

CCO2FO 

(ppm) 

CCO2FO 

(mg/m3) 

HCO2FO 

(mg) 

CCO2BR 

(ppm) 

CCO2BR 

(mg/m3) 

HCO2BR 

(mg) 

1 537.09 966.54 139.18 866.62 1,559.57 224.58 808.60 1,455.15 209.54 

2 537.09 966.54 139.18 884.56 1,591.84 229.22 808.60 1,455.15 209.54 

3 537.09 966.54 139.18 872.71 1,570.53 226.16 808.60 1,455.15 209.54 

4 537.09 966.54 139.18 864.76 1,556.22 224.10 808.60 1,455.15 209.54 

5 537.09 966.54 139.18 867.30 1,560.79 224.75 808.60 1,455.15 209.54 

6 537.09 966.54 139.18 867.98 1,562.00 224.93 808.60 1,455.15 209.54 

7 537.09 966.54 139.18 870.18 1,565.96 225.50 808.60 1,455.15 209.54 

8 537.09 966.54 139.18 873.73 1,572.36 226.42 808.60 1,455.15 209.54 

9 537.09 966.54 139.18 873.39 1,571.75 226.33 808.60 1,455.15 209.54 

10 537.09 966.54 139.18 869.67 1,565.05 225.37 808.60 1,455.15 209.54 

11 537.09 966.54 139.18 863.41 1,553.78 223.75 808.60 1,455.15 209.54 

12 537.09 966.54 139.18 853.26 1,535.52 221.11 808.60 1,455.15 209.54 

13 537.09 966.54 139.18 844.46 1,519.69 218.84 808.60 1,455.15 209.54 

14 537.09 966.54 139.18 834.31 1,501.42 216.20 808.60 1,455.15 209.54 

15 537.09 966.54 139.18 823.66 1,482.24 213.44 808.60 1,455.15 209.54 

16 537.09 966.54 139.18 818.41 1,472.81 212.08 808.60 1,455.15 209.54 

17 537.09 966.54 139.18 817.90 1,471.89 211.95 808.60 1,455.15 209.54 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

150 

Cultivating 

time (Hour) 

Fish tank inlet carbon dioxide Fish tank outlet carbon dioxide Basic respiration 

CCO2FI 

(ppm) 

CCO2FI 

(mg/m3) 

HCO2FI 

(mg) 

CCO2FO 

(ppm) 

CCO2FO 

(mg/m3) 

HCO2FO 

(mg) 

CCO2BR 

(ppm) 

CCO2BR 

(mg/m3) 

HCO2BR 

(mg) 

18 537.09 966.54 139.18 812.32 1,461.85 210.51 808.60 1,455.15 209.54 

19 537.09 966.54 139.18 781.53 1,406.44 202.53 781.53 1,406.44 139.18 

20 531.51 956.49 137.73 850.72 1,530.95 220.46 848.19 1,526.39 219.80 

21 531.51 956.49 137.73 968.80 1,743.45 251.06 848.19 1,526.39 219.80 

22 531.51 956.49 137.73 955.94 1,720.31 247.72 848.19 1,526.39 219.80 

23 531.51 956.49 137.73 942.41 1,695.95 244.22 848.19 1,526.39 219.80 

24 531.51 956.49 137.73 935.14 1,682.86 242.33 848.19 1,526.39 219.80 

25 531.51 956.49 137.73 930.91 1,675.25 241.24 848.19 1,526.39 219.80 

26 531.51 956.49 137.73 933.78 1,680.43 241.98 848.19 1,526.39 219.80 

27 531.51 956.49 137.73 936.49 1,685.30 242.68 848.19 1,526.39 219.80 

28 531.51 956.49 137.73 935.81 1,684.08 242.51 848.19 1,526.39 219.80 

29 531.51 956.49 137.73 930.40 1,674.34 241.10 848.19 1,526.39 219.80 

30 531.51 956.49 137.73 912.30 1,641.77 236.41 848.19 1,526.39 219.80 

31 531.51 956.49 137.73 906.38 1,631.11 234.88 848.19 1,526.39 219.80 

32 531.51 956.49 137.73 892.68 1,606.45 231.33 848.19 1,526.39 219.80 

33 531.51 956.49 137.73 877.28 1,578.75 227.34 848.19 1,526.39 219.80 

34 531.51 956.49 137.73 878.13 1,580.27 227.56 848.19 1,526.39 219.80 

35 531.51 956.49 137.73 882.70 1,588.49 228.74 848.19 1,526.39 219.80 

36 531.51 956.49 137.73 877.96 1,579.97 227.52 848.19 1,526.39 219.80 

37 531.51 956.49 137.73 863.24 1,553.48 223.70 848.19 1,526.39 219.80 

38 531.51 956.49 137.73 852.08 1,533.39 220.81 848.19 1,526.39 219.80 

39 531.51 956.49 137.73 848.02 1,526.08 219.76 848.02 1,526.08 219.76 

40 531.51 956.49 137.73 840.40 1,512.38 217.78 840.40 1,512.38 217.78 

41 531.51 956.49 137.73 852.25 1,533.69 220.85 848.19 1,526.39 219.80 

42 531.51 956.49 137.73 848.52 1,526.99 219.89 848.19 1,526.39 219.80 

43 531.51 956.49 137.73 712.01 1,281.32 184.51 712.01 1,281.32 184.51 

44 531.51 956.49 137.73 798.62 1,437.19 206.96 798.62 1,437.19 206.96 

45 490.91 883.43 127.21 1,028.52 1,850.91 266.53 840.07 1,511.77 217.70 

46 490.91 883.43 127.21 1,048.82 1,887.44 271.79 840.07 1,511.77 217.70 

47 490.91 883.43 127.21 1,027.67 1,849.39 266.31 840.07 1,511.77 217.70 

48 490.91 883.43 127.21 1,021.24 1,837.82 264.65 840.07 1,511.77 217.70 

49 490.91 883.43 127.21 1,006.53 1,811.33 260.83 840.07 1,511.77 217.70 

50 490.91 883.43 127.21 994.85 1,790.33 257.81 840.07 1,511.77 217.70 

51 490.91 883.43 127.21 996.38 1,793.07 258.20 840.07 1,511.77 217.70 

52 490.91 883.43 127.21 987.24 1,776.63 255.83 840.07 1,511.77 217.70 

53 490.91 883.43 127.21 978.44 1,760.80 253.55 840.07 1,511.77 217.70 

54 490.91 883.43 127.21 968.12 1,742.23 250.88 840.07 1,511.77 217.70 

55 490.91 883.43 127.21 957.64 1,723.35 248.16 840.07 1,511.77 217.70 

56 490.91 883.43 127.21 933.45 1,679.82 241.89 840.07 1,511.77 217.70 

57 490.91 883.43 127.21 922.45 1,660.03 239.04 840.07 1,511.77 217.70 

58 490.91 883.43 127.21 912.64 1,642.37 236.50 840.07 1,511.77 217.70 

59 490.91 883.43 127.21 906.89 1,632.02 235.01 840.07 1,511.77 217.70 

60 490.91 883.43 127.21 898.43 1,616.80 232.82 840.07 1,511.77 217.70 

61 490.91 883.43 127.21 879.31 1,582.40 227.87 840.07 1,511.77 217.70 

62 490.91 883.43 127.21 863.24 1,553.48 223.70 840.07 1,511.77 217.70 

63 490.91 883.43 127.21 851.06 1,531.56 220.54 840.07 1,511.77 217.70 

64 490.91 883.43 127.21 846.83 1,523.95 219.45 840.07 1,511.77 217.70 

65 490.91 883.43 127.21 845.31 1,521.21 219.05 840.07 1,511.77 217.70 

66 490.91 883.43 127.21 854.95 1,538.56 221.55 840.07 1,511.77 217.70 

67 490.91 883.43 127.21 861.38 1,550.13 223.22 840.07 1,511.77 217.70 

68 490.91 883.43 127.21 858.67 1,545.26 222.52 840.07 1,511.77 217.70 

69 490.91 883.43 127.21 842.10 1,515.43 218.22 840.07 1,511.77 217.70 

70 490.91 883.43 127.21 744.66 1,340.07 192.97 744.66 1,340.07 192.97 

71 538.61 969.28 139.58 948.50 1,706.91 245.80 882.70 1,588.49 228.74 

72 538.61 969.28 139.58 971.34 1,748.01 251.71 882.70 1,588.49 228.74 

73 538.61 969.28 139.58 972.52 1,750.14 252.02 882.70 1,588.49 228.74 

74 538.61 969.28 139.58 954.08 1,716.96 247.24 882.70 1,588.49 228.74 

75 538.61 969.28 139.58 945.29 1,701.13 244.96 882.70 1,588.49 228.74 

76 538.61 969.28 139.58 936.83 1,685.91 242.77 882.70 1,588.49 228.74 

77 538.61 969.28 139.58 925.66 1,665.82 239.88 882.70 1,588.49 228.74 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

151 

Cultivating 

time (Hour) 

Fish tank inlet carbon dioxide Fish tank outlet carbon dioxide Basic respiration 

CCO2FI 

(ppm) 

CCO2FI 

(mg/m3) 

HCO2FI 

(mg) 

CCO2FO 

(ppm) 

CCO2FO 

(mg/m3) 

HCO2FO 

(mg) 

CCO2BR 

(ppm) 

CCO2BR 

(mg/m3) 

HCO2BR 

(mg) 

78 538.61 969.28 139.58 928.88 1,671.60 240.71 882.70 1,588.49 228.74 

79 538.61 969.28 139.58 927.19 1,668.56 240.27 882.70 1,588.49 228.74 

80 538.61 969.28 139.58 935.48 1,683.47 242.42 882.70 1,588.49 228.74 

81 538.61 969.28 139.58 932.43 1,677.99 241.63 882.70 1,588.49 228.74 

82 538.61 969.28 139.58 932.60 1,678.30 241.67 882.70 1,588.49 228.74 

83 538.61 969.28 139.58 913.15 1,643.29 236.63 882.70 1,588.49 228.74 

84 538.61 969.28 139.58 911.62 1,640.55 236.24 882.70 1,588.49 228.74 

85 538.61 969.28 139.58 894.88 1,610.41 231.90 882.70 1,588.49 228.74 

86 538.61 969.28 139.58 886.92 1,596.10 229.84 882.70 1,588.49 228.74 

87 538.61 969.28 139.58 859.52 1,546.78 222.74 859.52 1,546.78 222.74 

88 538.61 969.28 139.58 845.31 1,521.21 219.05 845.31 1,521.21 219.05 

89 545.72 982.06 141.42 763.94 1,374.78 197.97 763.94 1,374.78 197.97 

90 545.72 982.06 141.42 940.38 1,692.30 243.69 940.38 1,692.30 243.69 

91 545.72 982.06 141.42 1,195.99 2,152.30 309.93 948.67 1,707.22 245.84 

92 545.72 982.06 141.42 1,159.45 2,086.54 300.46 948.67 1,707.22 245.84 

93 545.72 982.06 141.42 1,137.80 2,047.57 294.85 948.67 1,707.22 245.84 

94 545.72 982.06 141.42 1,128.33 2,030.52 292.40 948.67 1,707.22 245.84 

95 545.72 982.06 141.42 1,130.02 2,033.57 292.83 948.67 1,707.22 245.84 

96 545.72 982.06 141.42 1,117.67 2,011.34 289.63 948.67 1,707.22 245.84 

97 545.72 982.06 141.42 1,115.64 2,007.69 289.11 948.67 1,707.22 245.84 

98 545.72 982.06 141.42 1,132.72 2,038.44 293.54 948.67 1,707.22 245.84 

99 545.72 982.06 141.42 1,120.88 2,017.13 290.47 948.67 1,707.22 245.84 

100 545.72 982.06 141.42 1,102.10 1,983.34 285.60 948.67 1,707.22 245.84 

101 545.72 982.06 141.42 1,093.14 1,967.20 283.28 948.67 1,707.22 245.84 

102 545.72 982.06 141.42 1,068.27 1,922.45 276.83 948.67 1,707.22 245.84 

103 545.72 982.06 141.42 1,059.81 1,907.23 274.64 948.67 1,707.22 245.84 

104 545.72 982.06 141.42 1,052.03 1,893.23 272.62 948.67 1,707.22 245.84 

105 545.72 982.06 141.42 1,030.38 1,854.26 267.01 948.67 1,707.22 245.84 

106 545.72 982.06 141.42 1,022.77 1,840.56 265.04 948.67 1,707.22 245.84 

107 545.72 982.06 141.42 1,013.12 1,823.21 262.54 948.67 1,707.22 245.84 

108 545.72 982.06 141.42 1,006.53 1,811.33 260.83 948.67 1,707.22 245.84 

109 545.72 982.06 141.42 1,000.27 1,800.07 259.21 948.67 1,707.22 245.84 

110 545.72 982.06 141.42 993.67 1,788.20 257.50 948.67 1,707.22 245.84 

111 545.72 982.06 141.42 996.88 1,793.98 258.33 948.67 1,707.22 245.84 

112 545.72 982.06 141.42 982.33 1,767.80 254.56 948.67 1,707.22 245.84 

113 545.72 982.06 141.42 964.57 1,735.83 249.96 948.67 1,707.22 245.84 

114 545.72 982.06 141.42 957.13 1,722.44 248.03 948.67 1,707.22 245.84 

115 566.02 1,018.60 146.68 781.20 1,405.83 202.44 781.20 1,405.83 202.44 

116 566.02 1,018.60 146.68 1,063.20 1,913.32 275.52 948.67 1,707.22 245.84 

117 566.02 1,018.60 146.68 1,411.00 2,539.23 365.65 911.12 1,639.63 236.11 

118 566.02 1,018.60 146.68 1,496.60 2,693.27 387.83 911.12 1,639.63 236.11 

119 566.02 1,018.60 146.68 1,458.03 2,623.86 377.84 911.12 1,639.63 236.11 

120 566.02 1,018.60 146.68 1,419.80 2,555.06 367.93 911.12 1,639.63 236.11 

121 566.02 1,018.60 146.68 1,395.10 2,510.61 361.53 911.12 1,639.63 236.11 

122 566.02 1,018.60 146.68 1,425.21 2,564.80 369.33 911.12 1,639.63 236.11 

123 566.02 1,018.60 146.68 1,444.16 2,598.90 374.24 911.12 1,639.63 236.11 

124 566.02 1,018.60 146.68 1,416.92 2,549.88 367.18 911.12 1,639.63 236.11 

125 566.02 1,018.60 146.68 1,418.28 2,552.32 367.53 911.12 1,639.63 236.11 

126 566.02 1,018.60 146.68 1,433.16 2,579.11 371.39 911.12 1,639.63 236.11 

127 566.02 1,018.60 146.68 1,421.66 2,558.41 368.41 911.12 1,639.63 236.11 

128 566.02 1,018.60 146.68 1,385.63 2,493.56 359.07 911.12 1,639.63 236.11 

129 566.02 1,018.60 146.68 1,378.69 2,481.08 357.28 911.12 1,639.63 236.11 

130 566.02 1,018.60 146.68 1,364.82 2,456.12 353.68 911.12 1,639.63 236.11 

131 566.02 1,018.60 146.68 1,372.09 2,469.21 355.57 911.12 1,639.63 236.11 

132 566.02 1,018.60 146.68 1,337.92 2,407.71 346.71 911.12 1,639.63 236.11 

133 566.02 1,018.60 146.68 1,313.06 2,362.96 340.27 911.12 1,639.63 236.11 

134 566.02 1,018.60 146.68 1,290.22 2,321.86 334.35 911.12 1,639.63 236.11 

135 566.02 1,018.60 146.68 1,270.26 2,285.94 329.18 911.12 1,639.63 236.11 

136 566.02 1,018.60 146.68 924.48 1,663.68 239.57 911.12 1,639.63 236.11 

137 572.11 1,029.56 148.26 1,120.04 2,015.61 290.25 911.12 1,639.63 236.11 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

152 

Cultivating 

time (Hour) 

Fish tank inlet carbon dioxide Fish tank outlet carbon dioxide Basic respiration 

CCO2FI 

(ppm) 

CCO2FI 

(mg/m3) 

HCO2FI 

(mg) 

CCO2FO 

(ppm) 

CCO2FO 

(mg/m3) 

HCO2FO 

(mg) 

CCO2BR 

(ppm) 

CCO2BR 

(mg/m3) 

HCO2BR 

(mg) 

138 572.11 1,029.56 148.26 1,153.70 2,076.19 298.97 911.12 1,639.63 236.11 

139 572.11 1,029.56 148.26 1,127.31 2,028.70 292.13 911.12 1,639.63 236.11 

140 572.11 1,029.56 148.26 1,101.09 1,981.51 285.34 911.12 1,639.63 236.11 

141 572.11 1,029.56 148.26 1,088.40 1,958.68 282.05 911.12 1,639.63 236.11 

142 572.11 1,029.56 148.26 1,062.01 1,911.19 275.21 911.12 1,639.63 236.11 

143 572.11 1,029.56 148.26 1,042.05 1,875.26 270.04 911.12 1,639.63 236.11 

144 572.11 1,029.56 148.26 1,031.56 1,856.39 267.32 911.12 1,639.63 236.11 

145 572.11 1,029.56 148.26 1,019.72 1,835.08 264.25 911.12 1,639.63 236.11 

146 572.11 1,029.56 148.26 1,000.27 1,800.07 259.21 911.12 1,639.63 236.11 

147 572.11 1,029.56 148.26 999.59 1,798.85 259.03 911.12 1,639.63 236.11 

148 572.11 1,029.56 148.26 984.70 1,772.06 255.18 911.12 1,639.63 236.11 

149 572.11 1,029.56 148.26 966.43 1,739.18 250.44 911.12 1,639.63 236.11 

150 572.11 1,029.56 148.26 956.62 1,721.53 247.90 911.12 1,639.63 236.11 

151 572.11 1,029.56 148.26 943.43 1,697.78 244.48 911.12 1,639.63 236.11 

152 572.11 1,029.56 148.26 940.04 1,691.69 243.60 911.12 1,639.63 236.11 

153 572.11 1,029.56 148.26 941.57 1,694.43 244.00 911.12 1,639.63 236.11 

154 572.11 1,029.56 148.26 932.43 1,677.99 241.63 911.12 1,639.63 236.11 

155 572.11 1,029.56 148.26 927.02 1,668.25 240.23 911.12 1,639.63 236.11 

156 572.11 1,029.56 148.26 924.14 1,663.08 239.48 911.12 1,639.63 236.11 

157 572.11 1,029.56 148.26 919.57 1,654.86 238.30 911.12 1,639.63 236.11 

158 572.11 1,029.56 148.26 913.48 1,643.90 236.72 911.12 1,639.63 236.11 

159 572.11 1,029.56 148.26 908.24 1,634.46 235.36 908.24 1,634.46 235.36 

160 572.11 1,029.56 148.26 911.79 1,640.85 236.28 911.12 1,639.63 236.11 

161 572.11 1,029.56 148.26 917.37 1,650.90 237.73 911.12 1,639.63 236.11 

162 572.11 1,029.56 148.26 830.25 1,494.12 215.15 830.25 1,494.12 215.15 

163 588.35 1,058.78 152.46 888.95 1,599.75 230.36 888.95 1,599.75 230.36 

164 588.35 1,058.78 152.46 1,028.69 1,851.21 266.57 897.92 1,615.89 232.69 

165 588.35 1,058.78 152.46 1,043.07 1,877.09 270.30 897.92 1,615.89 232.69 

166 588.35 1,058.78 152.46 1,032.75 1,858.52 267.63 897.92 1,615.89 232.69 

167 588.35 1,058.78 152.46 1,024.46 1,843.60 265.48 897.92 1,615.89 232.69 

168 588.35 1,058.78 152.46 1,008.72 1,815.29 261.40 897.92 1,615.89 232.69 

169 588.35 1,058.78 152.46 996.71 1,793.68 258.29 897.92 1,615.89 232.69 

170 588.35 1,058.78 152.46 989.78 1,781.19 256.49 897.92 1,615.89 232.69 

171 588.35 1,058.78 152.46 1,001.96 1,803.11 259.65 897.92 1,615.89 232.69 

172 588.35 1,058.78 152.46 991.13 1,783.63 256.84 897.92 1,615.89 232.69 

173 588.35 1,058.78 152.46 970.32 1,746.19 251.45 897.92 1,615.89 232.69 

174 588.35 1,058.78 152.46 952.22 1,713.61 246.76 897.92 1,615.89 232.69 

175 588.35 1,058.78 152.46 936.15 1,684.69 242.60 897.92 1,615.89 232.69 

176 588.35 1,058.78 152.46 929.72 1,673.12 240.93 897.92 1,615.89 232.69 

177 588.35 1,058.78 152.46 923.97 1,662.77 239.44 897.92 1,615.89 232.69 

178 588.35 1,058.78 152.46 911.62 1,640.55 236.24 897.92 1,615.89 232.69 

179 588.35 1,058.78 152.46 904.18 1,627.15 234.31 897.92 1,615.89 232.69 

180 588.35 1,058.78 152.46 904.86 1,628.37 234.49 897.92 1,615.89 232.69 

181 588.35 1,058.78 152.46 900.12 1,619.85 233.26 897.92 1,615.89 232.69 

182 588.35 1,058.78 152.46 895.38 1,611.32 232.03 895.38 1,611.32 232.03 

183 588.35 1,058.78 152.46 890.48 1,602.49 230.76 890.48 1,602.49 230.76 

184 588.35 1,058.78 152.46 883.03 1,589.10 228.83 883.03 1,589.10 228.83 

  Sum 26,020  Sum 47,205  Sum 41,832 

 

Table F12 the concentrations and mass of carbon dioxide in air that flow in/out Solid 

separating unit during nile tilapia cultivation with 5 kg/m3 fish density. 

Cultivating time 

(Hour) 

Solid separating unit inlet carbon dioxide Solid separating unit outlet carbon dioxide 

CCO2SI 

(ppm) 

CCO2SI 

(mg/m3) 

HCO2SI 

(mg) 

CCO2SO 

(ppm) 

CCO2SO 

(mg/m3) 

HCO2SO 

(mg) 

1-19 537.09 966.54 11,018 793.88 1,428.66 16,287 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

153 

Cultivating time 

(Hour) 

Solid separating unit inlet carbon dioxide Solid separating unit outlet carbon dioxide 

CCO2SI 

(ppm) 

CCO2SI 

(mg/m3) 

HCO2SI 

(mg) 

CCO2SO 

(ppm) 

CCO2SO 

(mg/m3) 

HCO2SO 

(mg) 

20-44 531.51 956.49 14,347 815.20 1,467.02 22,005 

45-70 490.91 883.43 13,782 786.27 1,414.96 22,073 

71-88 538.61 969.28 10,468 790.84 1,423.18 15,370 

89-114 545.72 982.06 15,320 825.86 1,486.20 23,185 

115-136 566.02 1,018.60 13,446 827.89 1,489.85 19,666 

137-162 572.11 1,029.56 16,061 764.96 1,376.61 21,475 

163-184 588.35 1,058.78 13,976 887.77 1,597.62 21,089 

  Sum 108,418  Sum 161,150 

 

Table F13 the concentrations and mass of carbon dioxide in air that flow in/out Fish tank 

during nile tilapia cultivation with 10 kg/m3 fish density including basic respiration. 

Cultivating 

time (Hour) 

Fish tank inlet carbon dioxide Fish tank outlet carbon dioxide Basic respiration 

CCO2FI 

(ppm) 

CCO2FI 

(mg/m3) 

HCO2FI 

(mg) 

CCO2FO 

(ppm) 

CCO2FO 

(mg/m3) 

HCO2FO 

(mg) 

CCO2BR 

(ppm) 

CCO2BR 

(mg/m3) 

HCO2BR 

(mg) 

1 583.27 1,049.65 151.15 1,253.68 2,256.11 324.88 1,253.68 2,256.11 324.88 

2 583.27 1,049.65 151.15 1,355.85 2,439.98 351.36 1,288.70 2,319.12 333.95 

3 583.27 1,049.65 151.15 1,361.94 2,450.94 352.94 1,288.70 2,319.12 333.95 

4 583.27 1,049.65 151.15 1,341.64 2,414.41 347.68 1,288.70 2,319.12 333.95 

5 583.27 1,049.65 151.15 1,316.95 2,369.96 341.27 1,288.70 2,319.12 333.95 

6 583.27 1,049.65 151.15 1,334.71 2,401.93 345.88 1,288.70 2,319.12 333.95 

7 583.27 1,049.65 151.15 1,383.43 2,489.61 358.50 1,288.70 2,319.12 333.95 

8 583.27 1,049.65 151.15 1,330.31 2,394.01 344.74 1,288.70 2,319.12 333.95 

9 583.27 1,049.65 151.15 1,318.47 2,372.70 341.67 1,288.70 2,319.12 333.95 

10 583.27 1,049.65 151.15 1,289.03 2,319.73 334.04 1,288.70 2,319.12 333.95 

11 583.27 1,049.65 151.15 1,322.19 2,379.40 342.63 1,288.70 2,319.12 333.95 

12 583.27 1,049.65 151.15 1,414.22 2,545.01 366.48 1,288.70 2,319.12 333.95 

13 583.27 1,049.65 151.15 1,440.95 2,593.11 373.41 1,288.70 2,319.12 333.95 

14 583.27 1,049.65 151.15 1,441.96 2,594.94 373.67 1,288.70 2,319.12 333.95 

15 583.27 1,049.65 151.15 1,443.14 2,597.07 373.98 1,288.70 2,319.12 333.95 

16 583.27 1,049.65 151.15 1,484.25 2,671.05 384.63 1,288.70 2,319.12 333.95 

17 583.27 1,049.65 151.15 1,542.95 2,776.68 399.84 1,288.70 2,319.12 333.95 

18 583.27 1,049.65 151.15 1,564.94 2,816.26 405.54 1,288.70 2,319.12 333.95 

19 583.27 1,049.65 151.15 1,585.92 2,854.01 410.98 1,288.70 2,319.12 333.95 

20 590.38 1,062.43 152.99 582.26 1,047.82 150.89 582.26 1,047.82 150.89 

21 590.38 1,062.43 152.99 1,468.86 2,643.34 380.64 1,468.86 2,643.34 380.64 

22 590.38 1,062.43 152.99 1,968.91 3,543.24 510.23 1,486.62 2,675.31 385.24 

23 590.38 1,062.43 152.99 2,137.91 3,847.37 554.02 1,486.62 2,675.31 385.24 

24 590.38 1,062.43 152.99 2,113.89 3,804.14 547.80 1,486.62 2,675.31 385.24 

25 590.38 1,062.43 152.99 2,088.68 3,758.78 541.26 1,486.62 2,675.31 385.24 

26 590.38 1,062.43 152.99 2,068.05 3,721.64 535.92 1,486.62 2,675.31 385.24 

27 590.38 1,062.43 152.99 2,003.09 3,604.74 519.08 1,486.62 2,675.31 385.24 

28 590.38 1,062.43 152.99 1,991.58 3,584.03 516.10 1,486.62 2,675.31 385.24 

29 590.38 1,062.43 152.99 1,937.79 3,487.22 502.16 1,486.62 2,675.31 385.24 

30 590.38 1,062.43 152.99 1,873.50 3,371.54 485.50 1,486.62 2,675.31 385.24 

31 590.38 1,062.43 152.99 1,808.04 3,253.73 468.54 1,486.62 2,675.31 385.24 

32 590.38 1,062.43 152.99 1,760.84 3,168.79 456.31 1,486.62 2,675.31 385.24 

33 590.38 1,062.43 152.99 1,686.24 3,034.54 436.97 1,486.62 2,675.31 385.24 

34 590.38 1,062.43 152.99 1,623.14 2,920.98 420.62 1,486.62 2,675.31 385.24 

35 590.38 1,062.43 152.99 1,563.59 2,813.82 405.19 1,486.62 2,675.31 385.24 

36 590.38 1,062.43 152.99 1,543.80 2,778.21 400.06 1,486.62 2,675.31 385.24 

37 590.38 1,062.43 152.99 1,536.02 2,764.20 398.05 1,486.62 2,675.31 385.24 

38 590.38 1,062.43 152.99 1,528.57 2,750.81 396.12 1,486.62 2,675.31 385.24 

39 590.38 1,062.43 152.99 1,506.75 2,711.54 390.46 1,486.62 2,675.31 385.24 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

154 

Cultivating 

time (Hour) 

Fish tank inlet carbon dioxide Fish tank outlet carbon dioxide Basic respiration 

CCO2FI 

(ppm) 

CCO2FI 

(mg/m3) 

HCO2FI 

(mg) 

CCO2FO 

(ppm) 

CCO2FO 

(mg/m3) 

HCO2FO 

(mg) 

CCO2BR 

(ppm) 

CCO2BR 

(mg/m3) 

HCO2BR 

(mg) 

40 590.38 1,062.43 152.99 1,517.24 2,730.41 393.18 1,486.62 2,675.31 385.24 

41 590.38 1,062.43 152.99 1,522.15 2,739.24 394.45 1,486.62 2,675.31 385.24 

42 590.38 1,062.43 152.99 1,497.79 2,695.40 388.14 1,486.62 2,675.31 385.24 

43 586.32 1,055.13 151.94 856.47 1,541.30 221.95 856.47 1,541.30 221.95 

44 586.32 1,055.13 151.94 1,337.92 2,407.71 346.71 1,301.89 2,342.87 337.37 

45 586.32 1,055.13 151.94 1,929.16 3,471.70 499.92 1,301.89 2,342.87 337.37 

46 586.32 1,055.13 151.94 1,880.78 3,384.63 487.39 1,301.89 2,342.87 337.37 

47 586.32 1,055.13 151.94 1,819.03 3,273.51 471.39 1,301.89 2,342.87 337.37 

48 586.32 1,055.13 151.94 1,780.80 3,204.71 461.48 1,301.89 2,342.87 337.37 

49 586.32 1,055.13 151.94 1,765.91 3,177.92 457.62 1,301.89 2,342.87 337.37 

50 586.32 1,055.13 151.94 1,752.38 3,153.57 454.11 1,301.89 2,342.87 337.37 

51 586.32 1,055.13 151.94 1,700.28 3,059.80 440.61 1,301.89 2,342.87 337.37 

52 586.32 1,055.13 151.94 1,638.36 2,948.38 424.57 1,301.89 2,342.87 337.37 

53 586.32 1,055.13 151.94 1,575.26 2,834.83 408.22 1,301.89 2,342.87 337.37 

54 586.32 1,055.13 151.94 1,529.93 2,753.24 396.47 1,301.89 2,342.87 337.37 

55 586.32 1,055.13 151.94 1,496.77 2,693.57 387.87 1,301.89 2,342.87 337.37 

56 586.32 1,055.13 151.94 1,447.71 2,605.29 375.16 1,301.89 2,342.87 337.37 

57 586.32 1,055.13 151.94 1,414.89 2,546.23 366.66 1,301.89 2,342.87 337.37 

58 586.32 1,055.13 151.94 1,393.24 2,507.26 361.05 1,301.89 2,342.87 337.37 

59 586.32 1,055.13 151.94 1,359.41 2,446.38 352.28 1,301.89 2,342.87 337.37 

60 586.32 1,055.13 151.94 1,331.49 2,396.14 345.04 1,301.89 2,342.87 337.37 

61 586.32 1,055.13 151.94 1,343.51 2,417.76 348.16 1,301.89 2,342.87 337.37 

62 586.32 1,055.13 151.94 1,329.97 2,393.41 344.65 1,301.89 2,342.87 337.37 

63 586.32 1,055.13 151.94 1,311.53 2,360.22 339.87 1,301.89 2,342.87 337.37 

64 586.32 1,055.13 151.94 1,300.54 2,340.43 337.02 1,300.54 2,340.43 337.02 

65 586.32 1,055.13 151.94 1,290.05 2,321.56 334.30 1,290.05 2,321.56 334.30 

66 583.27 1,049.65 151.15 924.48 1,663.68 239.57 924.48 1,663.68 239.57 

67 583.27 1,049.65 151.15 878.80 1,581.49 227.73 878.80 1,581.49 227.73 

68 583.27 1,049.65 151.15 1,799.58 3,238.50 466.34 1,280.58 2,304.51 331.85 

69 583.27 1,049.65 151.15 1,766.59 3,179.14 457.80 1,280.58 2,304.51 331.85 

70 583.27 1,049.65 151.15 1,738.17 3,128.00 450.43 1,280.58 2,304.51 331.85 

71 583.27 1,049.65 151.15 1,746.29 3,142.61 452.54 1,280.58 2,304.51 331.85 

72 583.27 1,049.65 151.15 1,761.52 3,170.01 456.48 1,280.58 2,304.51 331.85 

73 583.27 1,049.65 151.15 1,762.87 3,172.44 456.83 1,280.58 2,304.51 331.85 

74 583.27 1,049.65 151.15 1,737.83 3,127.39 450.34 1,280.58 2,304.51 331.85 

75 583.27 1,049.65 151.15 1,688.77 3,039.10 437.63 1,280.58 2,304.51 331.85 

76 583.27 1,049.65 151.15 1,621.62 2,918.24 420.23 1,280.58 2,304.51 331.85 

77 583.27 1,049.65 151.15 1,572.56 2,829.96 407.51 1,280.58 2,304.51 331.85 

78 583.27 1,049.65 151.15 1,515.04 2,726.45 392.61 1,280.58 2,304.51 331.85 

79 583.27 1,049.65 151.15 1,460.06 2,627.51 378.36 1,280.58 2,304.51 331.85 

80 583.27 1,049.65 151.15 1,424.71 2,563.89 369.20 1,280.58 2,304.51 331.85 

81 583.27 1,049.65 151.15 1,404.74 2,527.96 364.03 1,280.58 2,304.51 331.85 

82 583.27 1,049.65 151.15 1,360.59 2,448.51 352.59 1,280.58 2,304.51 331.85 

83 583.27 1,049.65 151.15 1,333.36 2,399.49 345.53 1,280.58 2,304.51 331.85 

84 583.27 1,049.65 151.15 1,321.34 2,377.88 342.41 1,280.58 2,304.51 331.85 

85 583.27 1,049.65 151.15 1,318.13 2,372.09 341.58 1,280.58 2,304.51 331.85 

86 583.27 1,049.65 151.15 1,304.43 2,347.44 338.03 1,280.58 2,304.51 331.85 

87 583.27 1,049.65 151.15 1,293.26 2,327.34 335.14 1,280.58 2,304.51 331.85 

88 583.27 1,049.65 151.15 1,312.72 2,362.35 340.18 1,280.58 2,304.51 331.85 

89 583.27 1,049.65 151.15 1,307.64 2,353.22 338.86 1,280.58 2,304.51 331.85 

90 583.27 1,049.65 151.15 1,265.18 2,276.81 327.86 1,265.18 2,276.81 327.86 

91 602.56 1,084.35 156.15 875.59 1,575.70 226.90 875.59 1,575.70 226.90 

92 602.56 1,084.35 156.15 790.84 1,423.18 204.94 790.84 1,423.18 204.94 

93 602.56 1,084.35 156.15 1,573.57 2,831.79 407.78 1,293.77 2,328.26 335.27 

94 602.56 1,084.35 156.15 1,693.34 3,047.32 438.81 1,293.77 2,328.26 335.27 

95 602.56 1,084.35 156.15 1,637.69 2,947.16 424.39 1,293.77 2,328.26 335.27 

96 602.56 1,084.35 156.15 1,621.62 2,918.24 420.23 1,293.77 2,328.26 335.27 

97 602.56 1,084.35 156.15 1,603.68 2,885.97 415.58 1,293.77 2,328.26 335.27 

98 602.56 1,084.35 156.15 1,585.08 2,852.49 410.76 1,293.77 2,328.26 335.27 

99 602.56 1,084.35 156.15 1,565.11 2,816.56 405.59 1,293.77 2,328.26 335.27 
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Cultivating 

time (Hour) 

Fish tank inlet carbon dioxide Fish tank outlet carbon dioxide Basic respiration 

CCO2FI 

(ppm) 

CCO2FI 

(mg/m3) 

HCO2FI 

(mg) 

CCO2FO 

(ppm) 

CCO2FO 

(mg/m3) 

HCO2FO 

(mg) 

CCO2BR 

(ppm) 

CCO2BR 

(mg/m3) 

HCO2BR 

(mg) 

100 602.56 1,084.35 156.15 1,580.00 2,843.35 409.44 1,293.77 2,328.26 335.27 

101 602.56 1,084.35 156.15 1,622.12 2,919.16 420.36 1,293.77 2,328.26 335.27 

102 602.56 1,084.35 156.15 1,601.32 2,881.71 414.97 1,293.77 2,328.26 335.27 

103 602.56 1,084.35 156.15 1,542.61 2,776.07 399.75 1,293.77 2,328.26 335.27 

104 602.56 1,084.35 156.15 1,485.10 2,672.57 384.85 1,293.77 2,328.26 335.27 

105 602.56 1,084.35 156.15 1,425.38 2,565.10 369.37 1,293.77 2,328.26 335.27 

106 602.56 1,084.35 156.15 1,375.65 2,475.60 356.49 1,293.77 2,328.26 335.27 

107 602.56 1,084.35 156.15 1,339.95 2,411.37 347.24 1,293.77 2,328.26 335.27 

108 602.56 1,084.35 156.15 1,323.21 2,381.23 342.90 1,293.77 2,328.26 335.27 

109 602.56 1,084.35 156.15 1,327.94 2,389.75 344.12 1,293.77 2,328.26 335.27 

110 602.56 1,084.35 156.15 1,308.15 2,354.13 339.00 1,293.77 2,328.26 335.27 

111 602.56 1,084.35 156.15 1,292.76 2,326.43 335.01 1,292.76 2,326.43 335.01 

112 602.56 1,084.35 156.15 1,274.15 2,292.94 330.18 1,274.15 2,292.94 330.18 

113 602.56 1,084.35 156.15 1,275.50 2,295.38 330.53 1,275.50 2,295.38 330.53 

114 602.56 1,084.35 156.15 1,274.15 2,292.94 330.18 1,274.15 2,292.94 330.18 

115 602.56 1,084.35 156.15 1,001.28 1,801.90 259.47 1,001.28 1,801.90 259.47 

116 622.86 1,120.88 161.41 705.07 1,268.84 182.71 705.07 1,268.84 182.71 

117 622.86 1,120.88 161.41 1,481.04 2,665.26 383.80 1,334.37 2,401.32 345.79 

118 622.86 1,120.88 161.41 1,689.45 3,040.32 437.81 1,334.37 2,401.32 345.79 

119 622.86 1,120.88 161.41 1,712.80 3,082.33 443.86 1,334.37 2,401.32 345.79 

120 622.86 1,120.88 161.41 1,720.41 3,096.03 445.83 1,334.37 2,401.32 345.79 

121 622.86 1,120.88 161.41 1,709.58 3,076.55 443.02 1,334.37 2,401.32 345.79 

122 622.86 1,120.88 161.41 1,713.81 3,084.16 444.12 1,334.37 2,401.32 345.79 

123 622.86 1,120.88 161.41 1,727.18 3,108.21 447.58 1,334.37 2,401.32 345.79 

124 622.86 1,120.88 161.41 1,701.80 3,062.54 441.01 1,334.37 2,401.32 345.79 

125 622.86 1,120.88 161.41 1,641.07 2,953.25 425.27 1,334.37 2,401.32 345.79 

126 622.86 1,120.88 161.41 1,578.14 2,840.01 408.96 1,334.37 2,401.32 345.79 

127 622.86 1,120.88 161.41 1,530.94 2,755.07 396.73 1,334.37 2,401.32 345.79 

128 622.86 1,120.88 161.41 1,489.33 2,680.18 385.95 1,334.37 2,401.32 345.79 

129 622.86 1,120.88 161.41 1,464.97 2,636.34 379.63 1,334.37 2,401.32 345.79 

130 622.86 1,120.88 161.41 1,444.16 2,598.90 374.24 1,334.37 2,401.32 345.79 

131 622.86 1,120.88 161.41 1,419.80 2,555.06 367.93 1,334.37 2,401.32 345.79 

132 622.86 1,120.88 161.41 1,394.26 2,509.09 361.31 1,334.37 2,401.32 345.79 

133 622.86 1,120.88 161.41 1,388.33 2,498.43 359.77 1,334.37 2,401.32 345.79 

134 622.86 1,120.88 161.41 1,372.60 2,470.12 355.70 1,334.37 2,401.32 345.79 

135 622.86 1,120.88 161.41 1,351.46 2,432.07 350.22 1,334.37 2,401.32 345.79 

136 622.86 1,120.88 161.41 1,345.20 2,420.80 348.60 1,334.37 2,401.32 345.79 

137 622.86 1,120.88 161.41 1,369.05 2,463.73 354.78 1,334.37 2,401.32 345.79 

138 622.86 1,120.88 161.41 1,347.40 2,424.76 349.17 1,334.37 2,401.32 345.79 

139 622.86 1,120.88 161.41 1,338.26 2,408.32 346.80 1,334.37 2,401.32 345.79 

140 622.86 1,120.88 161.41 1,074.02 1,932.80 278.32 1,074.02 1,932.80 278.32 

141 654.32 1,177.51 169.56 893.86 1,608.58 231.64 893.86 1,608.58 231.64 

142 654.32 1,177.51 169.56 1,801.27 3,241.55 466.78 1,740.37 3,131.95 451.00 

143 654.32 1,177.51 169.56 1,790.27 3,221.76 463.93 1,740.37 3,131.95 451.00 

144 654.32 1,177.51 169.56 1,773.87 3,192.23 459.68 1,740.37 3,131.95 451.00 

145 654.32 1,177.51 169.56 1,806.01 3,250.07 468.01 1,740.37 3,131.95 451.00 

146 654.32 1,177.51 169.56 1,860.82 3,348.71 482.21 1,740.37 3,131.95 451.00 

147 654.32 1,177.51 169.56 1,981.77 3,566.38 513.56 1,740.37 3,131.95 451.00 

148 654.32 1,177.51 169.56 2,054.68 3,697.59 532.45 1,740.37 3,131.95 451.00 

149 654.32 1,177.51 169.56 2,068.55 3,722.55 536.05 1,740.37 3,131.95 451.00 

150 654.32 1,177.51 169.56 2,138.42 3,848.28 554.15 1,740.37 3,131.95 451.00 

151 654.32 1,177.51 169.56 2,171.75 3,908.25 562.79 1,740.37 3,131.95 451.00 

152 654.32 1,177.51 169.56 2,129.79 3,832.75 551.92 1,740.37 3,131.95 451.00 

153 654.32 1,177.51 169.56 2,061.79 3,710.37 534.29 1,740.37 3,131.95 451.00 

154 654.32 1,177.51 169.56 2,001.56 3,602.00 518.69 1,740.37 3,131.95 451.00 

155 654.32 1,177.51 169.56 1,980.59 3,564.25 513.25 1,740.37 3,131.95 451.00 

156 654.32 1,177.51 169.56 1,931.36 3,475.66 500.49 1,740.37 3,131.95 451.00 

157 654.32 1,177.51 169.56 1,925.44 3,465.00 498.96 1,740.37 3,131.95 451.00 

158 654.32 1,177.51 169.56 1,916.47 3,448.87 496.64 1,740.37 3,131.95 451.00 

159 654.32 1,177.51 169.56 1,890.25 3,401.68 489.84 1,740.37 3,131.95 451.00 
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Cultivating 

time (Hour) 

Fish tank inlet carbon dioxide Fish tank outlet carbon dioxide Basic respiration 

CCO2FI 

(ppm) 

CCO2FI 

(mg/m3) 

HCO2FI 

(mg) 

CCO2FO 

(ppm) 

CCO2FO 

(mg/m3) 

HCO2FO 

(mg) 

CCO2BR 

(ppm) 

CCO2BR 

(mg/m3) 

HCO2BR 

(mg) 

160 654.32 1,177.51 169.56 1,913.94 3,444.30 495.98 1,740.37 3,131.95 451.00 

161 654.32 1,177.51 169.56 1,906.83 3,431.51 494.14 1,740.37 3,131.95 451.00 

162 654.32 1,177.51 169.56 1,903.95 3,426.34 493.39 1,740.37 3,131.95 451.00 

163 654.32 1,177.51 169.56 1,725.15 3,104.56 447.06 1,725.15 3,104.56 447.06 

164 654.32 1,177.51 169.56 1,518.09 2,731.93 393.40 1,518.09 2,731.93 393.40 

165 490.91 883.43 127.21 821.63 1,478.59 212.92 821.63 1,478.59 212.92 

166 490.91 883.43 127.21 635.88 1,144.33 164.78 635.88 1,144.33 164.78 

167 490.91 883.43 127.21 894.54 1,609.80 231.81 894.54 1,609.80 231.81 

168 490.91 883.43 127.21 2,525.81 4,545.43 654.54 2,093.59 3,767.61 542.54 

169 490.91 883.43 127.21 2,693.29 4,846.81 697.94 2,093.59 3,767.61 542.54 

170 490.91 883.43 127.21 2,688.38 4,837.98 696.67 2,093.59 3,767.61 542.54 

171 490.91 883.43 127.21 2,640.68 4,752.13 684.31 2,093.59 3,767.61 542.54 

172 490.91 883.43 127.21 2,632.56 4,737.52 682.20 2,093.59 3,767.61 542.54 

173 490.91 883.43 127.21 2,609.72 4,696.42 676.29 2,093.59 3,767.61 542.54 

174 490.91 883.43 127.21 2,587.73 4,656.85 670.59 2,093.59 3,767.61 542.54 

175 490.91 883.43 127.21 2,516.17 4,528.07 652.04 2,093.59 3,767.61 542.54 

176 490.91 883.43 127.21 2,463.05 4,432.48 638.28 2,093.59 3,767.61 542.54 

177 490.91 883.43 127.21 2,389.46 4,300.06 619.21 2,093.59 3,767.61 542.54 

178 490.91 883.43 127.21 2,295.91 4,131.70 594.97 2,093.59 3,767.61 542.54 

179 490.91 883.43 127.21 2,240.93 4,032.76 580.72 2,093.59 3,767.61 542.54 

180 490.91 883.43 127.21 2,205.07 3,968.23 571.42 2,093.59 3,767.61 542.54 

181 490.91 883.43 127.21 2,187.65 3,936.87 566.91 2,093.59 3,767.61 542.54 

182 490.91 883.43 127.21 2,140.45 3,851.93 554.68 2,093.59 3,767.61 542.54 

183 490.91 883.43 127.21 2,113.38 3,803.22 547.66 2,093.59 3,767.61 542.54 

184 490.91 883.43 127.21 2,091.22 3,763.34 541.92 2,091.22 3,763.34 541.92 

185 490.91 883.43 127.21 2,091.05 3,763.04 541.88 2,091.05 3,763.04 541.88 

  Sum 28,344  Sum 77,581  Sum 68,078 

 

Table F14 the concentrations and mass of carbon dioxide in air that flow in/out Solid 

separating unit during nile tilapia cultivation with 10 kg/m3 fish density. 

Cultivating time 

(Hour) 

Solid separating unit inlet carbon dioxide Solid separating unit outlet carbon dioxide 

CCO2SI 

(ppm) 

CCO2SI 

(mg/m3) 

HCO2SI 

(mg) 

CCO2SO 

(ppm) 

CCO2SO 

(mg/m3) 

HCO2SO 

(mg) 

1-19 583.27 1,049.65 11,966 752.78 1,354.69 15,443 

20-42 590.38 1,062.43 14,662 908.07 1,634.15 22,551 

43-65 586.32 1,055.13 14,561 829.92 1,493.51 20,610 

66-90 583.27 1,049.65 15,745 991.30 1,783.93 26,759 

91-115 602.56 1,084.35 16,265 887.77 1,597.62 23,964 

116-140 622.86 1,120.88 16,813 1062.35 1,911.80 28,677 

141-164 654.32 1,177.51 16,956 950.70 1,710.87 24,636 

165-185 490.91 883.43 11,131 885.74 1,593.97 20,084 

  Sum 118,099  Sum 182,726 
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Table F15 the amount of carbon dioxide from RAS during the cultivations with fish 

density of 3, 5 and 10 kg/m3 (FT: Fish tank, SU: Solid separating unit). 

Fish 

density 

(kg / m3) 

Inlet 

CO2 

from FT 

(g) 

Outlet 

CO2 

from FT 

(g) 

Gained 

CO2 

from 

FT(g) 

Basic 

respiration 

CO2 (g) 

Feed 

utilization 

CO2 (g) 

Inlet 

CO2 

from SU 

(g) 

Outlet 

CO2 

from SU 

(g) 

Gained 

CO2 

from SU 

(g) 

Gained 

CO2 

from 

RAS (g) 

3 27.43 42.73 
15.30 

100% 

11.47 

74.99% 

3.83 

25.01% 
114.28 143.23 28.95 44.25 

5 26.02 47.21 
21.18 

100% 

15.81 

74.64% 

5.37 

25.36% 
108.42 161.15 52.73 73.92 

10 28.34 77.58 
49.24 

100% 

39.73 

80.70% 

9.50 

19.30% 
118.10 182.73 64.63 113.86 

 

Table F16 the average oxygen of inlet air (Ambient air), outlet air from Fish tank 

(Outlet FT), outlet air from Solid separating unit (Outlet SU) and outlet air from 

microalgal cultivation during the cultivations with fish density of 3, 5 and 10 kg/m3. 

Replication 

Oxygen concentration (%) 

Fish density 3 kg / m3 Fish density 5 kg / m3 Fish density 10 kg / m3 

Ambient 

air 

Outlet 

FT 

Outlet 

SU 

Outlet 

MC 

Ambient 

air 

Outlet 

FT 

Outlet 

SU 

Outlet 

MC 

Ambient 

air 

Outlet 

FT 

Outlet 

SU 

Outlet 

MC 

1 20.90 20.90 20.90 20.90 20.60 20.60 20.60 20.60 20.86 20.67 20.97 20.73 

2 20.80 20.53 20.70 20.80 20.40 20.60 20.45 20.45 20.26 20.40 20.33 20.23 

3 20.80 20.50 20.67 20.80 20.65 20.60 20.60 20.75 20.80 20.70 20.80 20.70 

4 20.80 20.50 20.70 20.57 20.20 20.50 20.50 20.50 20.90 20.73 20.90 20.90 

5 19.93 19.57 19.83 19.80 20.45 20.50 20.35 20.50 20.57 20.53 20.53 20.53 

6 20.40 20.30 20.90 20.00 20.40 20.30 20.50 20.30 20.60 20.60 20.57 20.70 

7 20.30 20.30 20.90 20.10 20.30 20.10 20.30 20.20 20.60 20.60 20.60 20.50 

8 20.40 20.30 20.30 20.20 20.50 20.00 20.30 20.30 20.90 20.90 20.90 20.80 

9 20.60 20.50 20.60 20.50 20.30 20.10 20.30 20.30 21.30 21.30 21.30 21.20 

Average 20.55 20.38 20.61 20.41 20.42 20.37 20.43 20.43 20.75 20.71 20.77 20.70 

S.D. 0.32 0.36 0.35 0.40 0.15 0.24 0.13 0.18 0.29 0.26 0.29 0.27 

 

Table F17 the cells number density of Scenedesmus armatus when was cultivated 

with effluent from Solids separating unit. Control-3 was the cultivation was aerated 

with ambient air and CO2-3 was the cultivation that was aerated outlet air from Fish 

cultivating unit during the nile tilapias cultivations with fish density of 3 kg/m3. 

Cultivating 

time (days) 

Cell number density (104 cells / mL) 

Control-3 CO2-3 

1 2 3 Average S.D. 1 2 3 Average S.D. 

0 19.44 12.11 32.44 21.33 10.30 28.33 23.61 31.53 25.97 3.34 

1 61.17 44.17 50.17 51.83 8.62 64.83 48.67 76.17 56.75 11.43 

2 201.67 153.33 204.17 186.39 28.65 194.17 151.67 140.00 172.92 30.05 
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Cultivating 

time (days) 

Cell number density (104 cells / mL) 

Control-3 CO2-3 

1 2 3 Average S.D. 1 2 3 Average S.D. 

3 201.67 197.50 227.50 208.89 16.25 195.00 118.33 157.50 156.67 54.21 

4 185.83 178.33 197.50 187.22 9.66 332.50 170.00 187.50 251.25 114.90 

5 134.17 278.33 200.00 204.17 72.17 320.00 170.00 170.83 245.00 106.07 

6 207.50 271.67 216.67 231.94 34.70 304.17 180.00 185.00 242.08 87.80 

7 210.00 262.50 211.67 228.06 29.84 327.50 168.33 192.50 247.92 112.55 

8 212.50 254.17 206.67 224.44 25.90 350.83 155.83 200.00 253.33 137.89 

 

 

Table F18 the cells number density of Scenedesmus armatus when was cultivated 

with effluent from Solid separating unit. Control-5 was the cultivation was aerated 

with ambient air and CO2-5 was the cultivation that was aerated outlet air from Fish 

cultivating unit during the nile tilapias cultivations with fish density of 5 kg/m3. 

Cultivating 

time (days) 

Cell number density (104 cells / mL) 

Control-5 CO2-5 

1 2 3 Average S.D. 1 2 3 Average S.D. 

0 15.94 19.78 17.72 17.81 1.92 15.67 16.33 19.94 16.00 0.47 

1 55.00 68.00 58.50 60.50 6.73 67.67 91.33 54.50 79.50 16.73 

2 186.67 293.33 216.67 232.22 55.01 186.67 269.17 193.33 227.92 58.34 

3 261.67 204.17 215.83 227.22 30.39 222.50 272.50 231.67 247.50 35.36 

4 265.00 252.50 205.83 241.11 31.18 200.00 318.33 280.83 259.17 83.67 

5 270.83 288.89 284.72 281.48 9.45 287.50 291.67 287.50 289.58 2.95 

6 350.00 306.94 233.33 296.76 59.00 311.11 475.00 281.94 393.06 115.89 

7 406.94 365.28 207.50 326.57 105.20 420.83 520.83 326.39 470.83 70.71 

8 458.33 415.28 241.67 371.76 114.70 529.17 484.72 311.11 506.94 31.43 

 

 

Table F19 the cells number density of Scenedesmus armatus when was cultivated 

with effluent from Solid separating unit. Control-10 was the cultivation was aerated 

with ambient air and CO2-10 was the cultivation that was aerated outlet air from Fish 

cultivating unit during the nile tilapias cultivations with fish density of 10 kg/m3. 

Cultivating 

time (days) 

Cell number density (104 cells / mL) 

Control-10 CO2-10 

1 2 3 Average S.D. 1 2 3 Average S.D. 

0 13.10 15.97 11.63 13.57 2.20 13.90 12.70 17.47 13.30 0.85 

1 48.33 55.83 60.33 54.83 6.06 97.83 101.67 96.83 99.75 2.71 

2 250.83 250.00 307.50 269.44 32.96 342.50 447.50 416.67 395.00 74.25 

3 272.50 260.00 275.83 269.44 8.35 501.39 540.28 475.00 520.83 27.50 

4 298.33 230.83 244.17 257.78 35.75 461.11 515.28 552.78 488.19 38.30 
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Cultivating 

time (days) 

Cell number density (104 cells / mL) 

Control-10 CO2-10 

1 2 3 Average S.D. 1 2 3 Average S.D. 

5 222.50 245.83 322.22 263.52 52.16 558.33 477.08 483.33 517.71 57.45 

6 266.67 270.00 265.28 267.31 2.43 470.83 512.50 450.00 491.67 29.46 

7 315.83 221.67 279.17 272.22 47.47 450.00 522.92 368.75 486.46 51.56 

8 266.67 185.00 295.83 249.17 57.45 537.50 568.75 414.58 553.13 22.10 

 

 

Table F20 the biomass of Scenedesmus armatus when was cultivated with effluent 

from Solids separating unit. Control was the cultivation was aerated with ambient air 

and CO2 was the cultivation that was aerated outlet air from Fish cultivating unit 

during the nile tilapias cultivations with fish density of 3, 5 and 10 kg/m3. 

Cultivating 

time (days) 

Biomass during FISH-3 (mg / L) 

Control-3 CO2-3 

1 2 3 Average S.D. 1 2 3 Average S.D. 

0 73.33 53.33 64.00 63.56 10.01 61.33 54.67 50.67 55.56 5.39 

2 102.22 162.22 180.00 148.15 40.75 184.44 146.67 140.00 157.04 23.97 

4 202.22 251.11 204.44 219.26 27.61 273.33 211.11 208.89 231.11 36.58 

6 86.67 262.22 180.00 176.30 87.84 215.56 195.56 197.78 202.96 10.96 

8 216.67 245.33 188.00 216.67 28.67 224.00 250.67 238.67 237.78 13.36 

Cultivating 

time (days) 

Biomass during FISH-5 (mg / L) 

Control-5 CO2-5 

1 2 3 Average S.D. 1 2 3 Average S.D. 

0 15.56 42.67 42.67 33.63 15.65 28.00 49.33 50.67 42.67 12.72 

2 275.56 253.33 304.44 277.78 25.63 226.67 171.11 237.78 211.85 35.72 

4 282.22 224.44 282.22 262.96 33.36 193.33 371.11 322.22 295.56 91.84 

6 364.44 304.44 237.78 302.22 63.36 328.89 386.67 297.78 337.78 45.11 

8 390.00 351.67 306.67 349.44 41.71 375.00 425.00 261.67 353.89 83.69 

Cultivating 

time (days) 

Biomass during FISH-10 (mg / L) 

Control-10 CO2-10 

1 2 3 Average S.D. 1 2 3 Average S.D. 

0 68.00 65.33 40.00 57.78 15.45 58.67 48.00 34.67 47.11 12.02 

2 175.56 137.78 182.22 165.19 23.97 228.89 253.33 215.56 232.59 19.16 

4 262.22 171.11 268.89 234.07 54.63 386.67 431.11 411.11 409.63 22.26 

6 235.56 151.11 208.89 198.52 43.17 422.22 426.67 362.22 403.70 35.99 

8 211.67 108.33 146.67 155.56 52.24 391.67 445.00 365.00 400.56 40.73 
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Control 

Fish density 3 kg / m3 Fish density 5 kg / m3 Fish density 10 kg / m3 

   

CO2 

   

Figure E3 the specific growth rate of Scenedesmus armatus when was cultivated with 

effluent from Solid separating unit. Control was the cultivation was aerated with ambient 

air, CO2 was the cultivation that was aerated outlet air from Fish cultivating unit during the 

nile tilapias cultivations with fish density of 3, 5 and 10 kg/m3. 

 

 

Table F21 Dissolved inorganic nitrogen concentration the biomass of Scenedesmus 

armatus when was cultivated with effluent from Solid separating unit. Control-3, 5 

and 10 was the cultivation was aerated with ambient air and CO2-3, 5 and 10 was the 

cultivation that was aerated outlet air from Fish cultivating unit during the nile tilapias 

cultivations with fish density of 3, 5 and 10 kg/m3. 

Cultivating 

time (days) 

Dissolved inorganic nitrogen concentration of control-3 (mg N / L) 

Total ammonia nitrogen Nitrite Nitrate 

1 2 3 Average S.D. 1 2 3 Average S.D. 1 2 3 Average S.D. 

0 0.00 0.00 0.00 0.00 0.00 0.66 0.43 0.45 0.51 0.13 39.01 42.55 43.25 41.61 2.78 

2 0.03 0.03 0.03 0.03 0.00 0.33 0.69 0.43 0.48 0.19 24.69 34.98 36.62 32.10 6.46 

4 0.05 0.07 0.04 0.05 0.02 0.46 0.39 0.60 0.49 0.11 31.17 28.44 31.67 30.43 1.74 

6 0.05 0.10 0.03 0.06 0.03 0.43 0.33 0.38 0.38 0.05 30.06 26.87 29.55 28.83 1.71 

8 0.06 0.08 0.05 0.06 0.02 0.37 0.34 0.35 0.35 0.01 30.85 24.90 28.78 28.18 3.02 

Cultivating 

time (days) 

Dissolved inorganic nitrogen concentration of CO2-3 (mg N / L) 

Total ammonia nitrogen Nitrite Nitrate 

1 2 3 Average S.D. 1 2 3 Average S.D. 1 2 3 Average S.D. 

0 0.00 0.01 0.00 0.00 0.01 0.48 0.31 0.24 0.34 0.12 46.50 39.77 45.11 41.61 2.78 

2 0.01 0.06 0.01 0.03 0.03 0.39 0.16 0.22 0.26 0.12 33.10 27.75 29.80 30.22 3.55 

4 0.11 0.12 0.20 0.14 0.05 0.33 0.16 0.21 0.23 0.09 29.85 24.31 28.10 27.42 2.70 

6 0.12 0.10 0.08 0.10 0.02 0.28 0.17 0.16 0.20 0.07 25.65 23.18 22.06 23.63 1.84 

8 0.09 0.11 0.09 0.10 0.01 0.27 0.13 0.14 0.18 0.08 30.67 20.76 22.91 24.78 5.22 

Cultivating 

time (days) 

Dissolved inorganic nitrogen concentration of control-5 (mg N / L) 

Total ammonia nitrogen Nitrite Nitrate 

1 2 3 Average S.D. 1 2 3 Average S.D. 1 2 3 Average S.D. 

0 0.00 0.04 0.02 0.02 0.02 0.09 0.10 0.08 0.09 0.01 37.69 35.80 35.80 36.43 1.09 

2 0.47 0.40 0.72 0.53 0.17 0.06 0.11 0.13 0.10 0.04 11.54 13.40 7.00 10.65 3.29 

4 0.50 0.41 0.51 0.47 0.06 0.09 0.07 0.03 0.07 0.03 11.66 11.24 6.25 9.72 3.01 

6 0.38 0.42 1.54 0.78 0.66 0.08 0.11 0.06 0.08 0.03 11.67 10.92 5.83 9.47 3.17 

8 0.23 0.27 0.31 0.27 0.04 0.08 0.13 0.09 0.10 0.03 7.10 6.78 5.13 6.33 1.06 
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Cultivating 

time (days) 

Dissolved inorganic nitrogen concentration of CO2-5 (mg N / L) 

Total ammonia nitrogen Nitrite Nitrate 

1 2 3 Average S.D. 1 2 3 Average S.D. 1 2 3 Average S.D. 

0 0.05 0.09 0.06 0.06 0.02 0.10 0.13 0.11 0.11 0.02 33.91 33.91 32.59 33.47 0.76 

2 0.66 1.15 0.53 0.78 0.33 0.04 0.03 0.05 0.04 0.01 13.05 15.33 9.52 12.63 2.93 

4 0.61 0.77 0.72 0.70 0.08 0.02 0.03 0.04 0.03 0.01 9.94 13.95 8.64 10.84 2.77 

6 0.46 0.38 1.16 0.67 0.43 0.02 0.02 0.06 0.03 0.02 12.67 10.41 8.02 10.37 2.33 

8 0.18 0.29 0.24 0.24 0.06 0.02 0.01 0.05 0.03 0.03 7.21 3.17 5.93 5.44 2.07 

Cultivating 

time (days) 

Dissolved inorganic nitrogen concentration of control-10 (mg N / L) 

Total ammonia nitrogen Nitrite Nitrate 

1 2 3 Average S.D. 1 2 3 Average S.D. 1 2 3 Average S.D. 

0 0.00 0.04 0.02 0.02 0.02 0.09 0.10 0.08 0.09 0.01 37.69 35.80 35.80 36.43 1.09 

2 0.47 0.40 0.72 0.53 0.17 0.06 0.11 0.13 0.10 0.04 11.54 13.40 7.00 10.65 3.29 

4 0.50 0.41 0.51 0.47 0.06 0.09 0.07 0.03 0.07 0.03 11.66 11.24 6.25 9.72 3.01 

6 0.38 0.42 1.54 0.78 0.66 0.08 0.11 0.06 0.08 0.03 11.67 10.92 5.83 9.47 3.17 

8 0.23 0.27 0.31 0.27 0.04 0.08 0.13 0.09 0.10 0.03 7.10 6.78 5.13 6.33 1.06 

Cultivating 

time (days) 

Dissolved inorganic nitrogen concentration of CO2-10 (mg N / L) 

Total ammonia nitrogen Nitrite Nitrate 

1 2 3 Average S.D. 1 2 3 Average S.D. 1 2 3 Average S.D. 

0 0.05 0.09 0.06 0.06 0.02 0.10 0.13 0.11 0.11 0.02 33.91 33.91 32.59 33.47 0.76 

2 0.66 1.15 0.53 0.78 0.33 0.04 0.03 0.05 0.04 0.01 13.05 15.33 9.52 12.63 2.93 

4 0.61 0.77 0.72 0.70 0.08 0.02 0.03 0.04 0.03 0.01 9.94 13.95 8.64 10.84 2.77 

6 0.46 0.38 1.16 0.67 0.43 0.02 0.02 0.06 0.03 0.02 12.67 10.41 8.02 10.37 2.33 

8 0.18 0.29 0.24 0.24 0.06 0.02 0.01 0.05 0.03 0.03 7.21 3.17 5.93 5.44 2.07 

 

 

Table F22 Phosphate concentration of Scenedesmus armatus when was cultivated with 

effluent from Solid separating unit. Control-3, 5 and 10 was the cultivation was aerated with 

ambient air and CO2-3, 5 and 10 was the cultivation that was aerated outlet air from Fish 

cultivating unit during the nile tilapias cultivations with fish density of 3, 5 and 10 kg/m3. 

Cultivating 

time (days) 

Phosphate concentration (mg P / L) 

Control-3 CO2-3 

1 2 3 Average S.D. 1 2 3 Average S.D. 

0 4.15 7.83 5.64 5.99 2.60 6.10 4.84 6.85 5.47 0.89 

2 2.29 4.21 3.11 3.20 0.97 3.46 4.32 5.46 4.41 1.00 

4 3.44 3.17 3.83 3.48 0.33 5.41 4.42 6.80 5.55 1.20 

6 2.68 3.59 2.91 3.06 0.48 4.41 3.80 4.13 4.11 0.31 

8 2.84 3.42 3.17 3.14 0.29 3.87 3.95 5.10 4.31 0.69 

Cultivating 

time (days) 

Phosphate concentration (mg P / L) 

Control-5 CO2-5 

1 2 3 Average S.D. 1 2 3 Average S.D. 

0 8.33 7.91 0.00 5.41 4.69 8.26 7.79 0.00 5.35 4.64 

2 5.06 5.69 5.05 5.26 0.37 5.05 5.64 5.01 5.23 0.35 

4 5.86 6.26 6.10 6.07 0.20 5.81 6.19 6.04 6.01 0.19 

6 4.43 4.61 4.38 4.47 0.12 4.41 4.60 4.36 4.46 0.12 

8 3.17 3.29 3.33 3.26 0.08 3.15 3.26 3.32 3.24 0.09 
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Cultivating 

time (days) 

Phosphate concentration (mg P / L) 

Control-10 CO2-10 

1 2 3 Average S.D. 1 2 3 Average S.D. 

0 4.61 5.88 6.40 5.63 0.92 6.59 7.77 7.82 7.39 0.70 

2 2.29 5.35 1.17 2.93 2.16 5.27 5.65 5.98 5.64 0.35 

4 3.00 5.29 1.65 3.31 1.84 4.81 4.39 5.20 4.80 0.41 

6 1.78 2.80 2.32 2.30 0.51 2.69 2.58 3.31 2.86 0.40 

8 1.60 3.86 2.32 2.59 1.16 2.68 2.92 2.94 2.85 0.14 

 

Table F23 the concentrations and mass of carbon dioxide in air that flow in/out microalgal 

cultivation during nile tilapia cultivation with 3 kg/m3 fish density. 

Cultivating time (Hour) 

Microalgal cultivation inlet carbon dioxide Microalgal cultivation outlet carbon dioxide 

CCO2FI 

(ppm) 

CCO2FI 

(mg/m3) 

HCO2FI 

(mg) 

CCO2FO 

(ppm) 

CCO2FO 

(mg/m3) 

HCO2FO 

(mg) 

1 767.15 1,380.56 198.80 581.24 1,045.99 150.62 

2 868.49 1,562.92 225.06 581.24 1,045.99 150.62 

3 862.23 1,551.65 223.44 581.24 1,045.99 150.62 

4 835.67 1,503.86 216.56 581.24 1,045.99 150.62 

5 827.89 1,489.85 214.54 581.24 1,045.99 150.62 

6 855.97 1,540.39 221.82 581.24 1,045.99 150.62 

7 888.28 1,598.54 230.19 581.24 1,045.99 150.62 

8 910.95 1,639.33 236.06 581.24 1,045.99 150.62 

9 919.24 1,654.25 238.21 581.24 1,045.99 150.62 

10 917.37 1,650.90 237.73 575.15 1,035.03 149.05 

11 905.70 1,629.89 234.70 575.15 1,035.03 149.05 

12 873.90 1,572.66 226.46 575.15 1,035.03 149.05 

13 851.91 1,533.08 220.76 575.15 1,035.03 149.05 

14 853.94 1,536.74 221.29 575.15 1,035.03 149.05 

15 851.91 1,533.08 220.76 575.15 1,035.03 149.05 

16 842.10 1,515.43 218.22 575.15 1,035.03 149.05 

17 822.81 1,480.72 213.22 575.15 1,035.03 149.05 

18 814.18 1,465.20 210.99 575.15 1,035.03 149.05 

19 850.89 1,531.26 220.50 575.15 1,035.03 149.05 

20 861.72 1,550.74 223.31 578.20 1,040.51 149.83 

21 865.27 1,557.13 224.23 578.20 1,040.51 149.83 

22 877.96 1,579.97 227.52 578.20 1,040.51 149.83 

23 843.28 1,517.56 218.53 578.20 1,040.51 149.83 

24 862.23 1,551.65 223.44 578.20 1,040.51 149.83 

25 885.91 1,594.27 229.58 578.20 1,040.51 149.83 

26 870.68 1,566.88 225.63 578.20 1,040.51 149.83 

27 929.05 1,671.90 240.75 578.20 1,040.51 149.83 

28 939.03 1,689.87 243.34 578.20 1,040.51 149.83 

29 970.15 1,745.88 251.41 578.20 1,040.51 149.83 

30 970.83 1,747.10 251.58 578.20 1,040.51 149.83 

31 940.89 1,693.21 243.82 578.20 1,040.51 149.83 

32 929.39 1,672.51 240.84 578.20 1,040.51 149.83 

33 916.87 1,649.99 237.60 578.20 1,040.51 149.83 

34 902.83 1,624.72 233.96 578.20 1,040.51 149.83 

35 880.16 1,583.92 228.08 578.20 1,040.51 149.83 

36 870.01 1,565.66 225.45 578.20 1,040.51 149.83 

37 866.12 1,558.66 224.45 578.20 1,040.51 149.83 

38 856.81 1,541.91 222.04 578.20 1,040.51 149.83 

39 867.64 1,561.40 224.84 578.20 1,040.51 149.83 

40 870.52 1,566.57 225.59 578.20 1,040.51 149.83 

41 858.84 1,545.57 222.56 578.20 1,040.51 149.83 
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Cultivating time (Hour) 

Microalgal cultivation inlet carbon dioxide Microalgal cultivation outlet carbon dioxide 

CCO2FI 

(ppm) 

CCO2FI 

(mg/m3) 

HCO2FI 

(mg) 

CCO2FO 

(ppm) 

CCO2FO 

(mg/m3) 

HCO2FO 

(mg) 

42 850.89 1,531.26 220.50 578.20 1,040.51 149.83 

43 862.56 1,552.26 223.53 578.20 1,040.51 149.83 

44 862.23 1,551.65 223.44 578.20 1,040.51 149.83 

45 704.39 1,267.62 182.54 578.20 1,040.51 149.83 

46 792.53 1,426.23 205.38 578.20 1,040.51 149.83 

47 947.32 1,704.78 245.49 569.06 1,024.08 147.47 

48 965.25 1,737.05 250.14 569.06 1,024.08 147.47 

49 928.03 1,670.08 240.49 569.06 1,024.08 147.47 

50 908.92 1,635.68 235.54 569.06 1,024.08 147.47 

51 881.68 1,586.66 228.48 569.06 1,024.08 147.47 

52 861.89 1,551.04 223.35 569.06 1,024.08 147.47 

53 879.31 1,582.40 227.87 569.06 1,024.08 147.47 

54 903.50 1,625.93 234.13 569.06 1,024.08 147.47 

55 888.28 1,598.54 230.19 569.06 1,024.08 147.47 

56 867.81 1,561.70 224.88 569.06 1,024.08 147.47 

57 846.49 1,523.34 219.36 569.06 1,024.08 147.47 

58 832.11 1,497.47 215.63 569.06 1,024.08 147.47 

59 819.77 1,475.24 212.43 569.06 1,024.08 147.47 

60 815.87 1,468.24 211.43 569.06 1,024.08 147.47 

61 804.03 1,446.93 208.36 569.06 1,024.08 147.47 

62 789.48 1,420.75 204.59 569.06 1,024.08 147.47 

63 800.31 1,440.23 207.39 569.06 1,024.08 147.47 

64 792.02 1,425.32 205.25 569.06 1,024.08 147.47 

65 783.56 1,410.09 203.05 569.06 1,024.08 147.47 

66 801.66 1,442.67 207.74 569.06 1,024.08 147.47 

67 783.39 1,409.79 203.01 569.06 1,024.08 147.47 

68 760.56 1,368.69 197.09 637.07 1,146.46 165.09 

69 849.20 1,528.21 220.06 637.07 1,146.46 165.09 

70 895.89 1,612.24 232.16 637.07 1,146.46 165.09 

71 927.02 1,668.25 240.23 637.07 1,146.46 165.09 

72 925.83 1,666.12 239.92 637.07 1,146.46 165.09 

73 901.81 1,622.89 233.70 637.07 1,146.46 165.09 

74 884.22 1,591.23 229.14 637.07 1,146.46 165.09 

75 887.77 1,597.62 230.06 637.07 1,146.46 165.09 

76 948.33 1,706.61 245.75 637.07 1,146.46 165.09 

77 998.41 1,796.72 258.73 637.07 1,146.46 165.09 

78 1,051.69 1,892.62 272.54 637.07 1,146.46 165.09 

79 1,068.44 1,922.76 276.88 637.07 1,146.46 165.09 

80 1,058.97 1,905.71 274.42 637.07 1,146.46 165.09 

81 1,053.72 1,896.27 273.06 637.07 1,146.46 165.09 

82 1,055.08 1,898.70 273.41 637.07 1,146.46 165.09 

83 1,052.71 1,894.44 272.80 637.07 1,146.46 165.09 

84 1,049.83 1,889.27 272.05 637.07 1,146.46 165.09 

85 900.29 1,620.15 233.30 637.07 1,146.46 165.09 

86 828.73 1,491.38 214.76 637.07 1,146.46 165.09 

87 807.42 1,453.02 209.23 637.07 1,146.46 165.09 

88 791.68 1,424.71 205.16 637.07 1,146.46 165.09 

89 775.44 1,395.48 200.95 637.07 1,146.46 165.09 

90 769.35 1,384.52 199.37 637.07 1,146.46 165.09 

91 709.98 1,277.67 183.98 637.07 1,146.46 165.09 

92 807.75 1,453.63 209.32 637.07 1,146.46 165.09 

93 920.59 1,656.68 238.56 637.07 1,146.46 165.09 

94 906.38 1,631.11 234.88 637.07 1,146.46 165.09 

95 854.11 1,537.04 221.33 637.07 1,146.46 165.09 

96 836.01 1,504.47 216.64 639.10 1,150.11 165.62 

97 842.43 1,516.04 218.31 639.10 1,150.11 165.62 

98 858.34 1,544.65 222.43 639.10 1,150.11 165.62 

99 858.50 1,544.96 222.47 639.10 1,150.11 165.62 

100 863.07 1,553.18 223.66 639.10 1,150.11 165.62 

101 873.05 1,571.14 226.24 639.10 1,150.11 165.62 
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Cultivating time (Hour) 

Microalgal cultivation inlet carbon dioxide Microalgal cultivation outlet carbon dioxide 

CCO2FI 

(ppm) 

CCO2FI 

(mg/m3) 

HCO2FI 

(mg) 

CCO2FO 

(ppm) 

CCO2FO 

(mg/m3) 

HCO2FO 

(mg) 

102 880.83 1,585.14 228.26 639.10 1,150.11 165.62 

103 882.36 1,587.88 228.65 639.10 1,150.11 165.62 

104 884.05 1,590.93 229.09 639.10 1,150.11 165.62 

105 880.33 1,584.23 228.13 639.10 1,150.11 165.62 

106 866.12 1,558.66 224.45 639.10 1,150.11 165.62 

107 855.97 1,540.39 221.82 639.10 1,150.11 165.62 

108 847.68 1,525.47 219.67 639.10 1,150.11 165.62 

109 833.81 1,500.51 216.07 639.10 1,150.11 165.62 

110 812.15 1,461.54 210.46 639.10 1,150.11 165.62 

111 799.63 1,439.01 207.22 639.10 1,150.11 165.62 

112 792.19 1,425.62 205.29 639.10 1,150.11 165.62 

113 782.55 1,408.27 202.79 639.10 1,150.11 165.62 

114 780.69 1,404.92 202.31 639.10 1,150.11 165.62 

115 788.13 1,418.31 204.24 639.10 1,150.11 165.62 

116 722.16 1,299.59 187.14 639.10 1,150.11 165.62 

117 676.31 1,217.08 175.26 588.35 1,058.78 152.46 

118 684.43 1,231.70 177.36 588.35 1,058.78 152.46 

119 695.77 1,252.09 180.30 588.35 1,058.78 152.46 

120 702.87 1,264.88 182.14 588.35 1,058.78 152.46 

121 694.41 1,249.66 179.95 588.35 1,058.78 152.46 

122 692.55 1,246.31 179.47 588.35 1,058.78 152.46 

123 692.21 1,245.70 179.38 588.35 1,058.78 152.46 

124 683.42 1,229.87 177.10 588.35 1,058.78 152.46 

125 669.21 1,204.30 173.42 588.35 1,058.78 152.46 

126 663.12 1,193.34 171.84 588.35 1,058.78 152.46 

127 662.10 1,191.51 171.58 588.35 1,058.78 152.46 

128 662.95 1,193.03 171.80 588.35 1,058.78 152.46 

129 666.33 1,199.12 172.67 588.35 1,058.78 152.46 

130 670.56 1,206.73 173.77 588.35 1,058.78 152.46 

131 674.11 1,213.13 174.69 588.35 1,058.78 152.46 

132 662.78 1,192.73 171.75 588.35 1,058.78 152.46 

133 662.95 1,193.03 171.80 588.35 1,058.78 152.46 

134 660.24 1,188.16 171.10 588.35 1,058.78 152.46 

135 656.18 1,180.86 170.04 588.35 1,058.78 152.46 

136 651.44 1,172.33 168.82 588.35 1,058.78 152.46 

137 647.72 1,165.64 167.85 588.35 1,058.78 152.46 

138 645.69 1,161.98 167.33 588.35 1,058.78 152.46 

139 866.46 1,559.26 224.53 588.35 1,058.78 152.46 

140 753.45 1,355.90 195.25 594.18 1,069.28 153.98 

141 975.74 1,755.93 252.85 594.18 1,069.28 153.98 

142 1,038.67 1,869.18 269.16 594.18 1,069.28 153.98 

143 1,075.21 1,934.93 278.63 594.18 1,069.28 153.98 

144 1,099.91 1,979.38 285.03 594.18 1,069.28 153.98 

145 1,105.32 1,989.12 286.43 594.18 1,069.28 153.98 

146 1,116.15 2,008.60 289.24 594.18 1,069.28 153.98 

147 1,115.30 2,007.08 289.02 594.18 1,069.28 153.98 

148 1,107.69 1,993.38 287.05 594.18 1,069.28 153.98 

149 1,100.58 1,980.60 285.21 594.18 1,069.28 153.98 

150 1,079.61 1,942.85 279.77 594.18 1,069.28 153.98 

151 1,054.91 1,898.40 273.37 594.18 1,069.28 153.98 

152 1,025.98 1,846.34 265.87 594.18 1,069.28 153.98 

153 1,009.23 1,816.20 261.53 594.18 1,069.28 153.98 

154 971.85 1,748.93 251.85 594.18 1,069.28 153.98 

155 942.24 1,695.65 244.17 594.18 1,069.28 153.98 

156 947.49 1,705.09 245.53 594.18 1,069.28 153.98 

157 948.33 1,706.61 245.75 594.18 1,069.28 153.98 

158 937.84 1,687.73 243.03 594.18 1,069.28 153.98 

159 924.14 1,663.08 239.48 594.18 1,069.28 153.98 

160 912.64 1,642.37 236.50 594.18 1,069.28 153.98 

161 914.67 1,646.03 237.03 594.18 1,069.28 153.98 
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Cultivating time (Hour) 

Microalgal cultivation inlet carbon dioxide Microalgal cultivation outlet carbon dioxide 

CCO2FI 

(ppm) 

CCO2FI 

(mg/m3) 

HCO2FI 

(mg) 

CCO2FO 

(ppm) 

CCO2FO 

(mg/m3) 

HCO2FO 

(mg) 

162 923.46 1,661.86 239.31 594.18 1,069.28 153.98 

163 931.42 1,676.17 241.37 594.18 1,069.28 153.98 

164 1,061.17 1,909.66 274.99 585.30 1,053.30 151.68 

165 1,119.70 2,015.00 290.16 585.30 1,053.30 151.68 

166 1,132.89 2,038.74 293.58 585.30 1,053.30 151.68 

167 1,152.52 2,074.06 298.66 585.30 1,053.30 151.68 

168 1,149.81 2,069.19 297.96 585.30 1,053.30 151.68 

169 1,153.36 2,075.58 298.88 585.30 1,053.30 151.68 

170 1,149.13 2,067.97 297.79 585.30 1,053.30 151.68 

171 1,132.05 2,037.22 293.36 585.30 1,053.30 151.68 

172 1,107.01 1,992.17 286.87 585.30 1,053.30 151.68 

173 1,083.50 1,949.85 280.78 585.30 1,053.30 151.68 

174 1,068.27 1,922.45 276.83 585.30 1,053.30 151.68 

175 1,041.71 1,874.65 269.95 585.30 1,053.30 151.68 

176 1,006.86 1,811.94 260.92 585.30 1,053.30 151.68 

177 978.27 1,760.49 253.51 585.30 1,053.30 151.68 

178 954.08 1,716.96 247.24 585.30 1,053.30 151.68 

179 932.43 1,677.99 241.63 585.30 1,053.30 151.68 

180 906.38 1,631.11 234.88 585.30 1,053.30 151.68 

181 892.34 1,605.84 231.24 585.30 1,053.30 151.68 

182 882.70 1,588.49 228.74 585.30 1,053.30 151.68 

183 890.48 1,602.49 230.76 585.30 1,053.30 151.68 

184 883.03 1,589.10 228.83 585.30 1,053.30 151.68 

185 876.77 1,577.83 227.21 585.30 1,053.30 151.68 

186 876.27 1,576.92 227.08 585.30 1,053.30 151.68 

187 877.62 1,579.36 227.43 585.30 1,053.30 151.68 

  Sum 42,726  Sum 28,931 

 

Table F24 the concentrations and mass of carbon dioxide in air that flow in/out microalgal 

cultivation during nile tilapia cultivation with 5 kg/m3 fish density. 

Cultivating time (Hour) 

Microalgal cultivation inlet carbon dioxide Microalgal cultivation outlet carbon dioxide 

CCO2FI 

(ppm) 

CCO2FI 

(mg/m3) 

HCO2FI 

(mg) 

CCO2FO 

(ppm) 

CCO2FO 

(mg/m3) 

HCO2FO 

(mg) 

1 866.62 1,559.57 224.58 558.91 1,005.81 144.84 

2 884.56 1,591.84 229.22 558.91 1,005.81 144.84 

3 872.71 1,570.53 226.16 558.91 1,005.81 144.84 

4 864.76 1,556.22 224.10 558.91 1,005.81 144.84 

5 867.30 1,560.79 224.75 558.91 1,005.81 144.84 

6 867.98 1,562.00 224.93 558.91 1,005.81 144.84 

7 870.18 1,565.96 225.50 558.91 1,005.81 144.84 

8 873.73 1,572.36 226.42 558.91 1,005.81 144.84 

9 873.39 1,571.75 226.33 558.91 1,005.81 144.84 

10 869.67 1,565.05 225.37 558.91 1,005.81 144.84 

11 863.41 1,553.78 223.75 558.91 1,005.81 144.84 

12 853.26 1,535.52 221.11 558.91 1,005.81 144.84 

13 844.46 1,519.69 218.84 558.91 1,005.81 144.84 

14 834.31 1,501.42 216.20 558.91 1,005.81 144.84 

15 823.66 1,482.24 213.44 558.91 1,005.81 144.84 

16 818.41 1,472.81 212.08 558.91 1,005.81 144.84 

17 817.90 1,471.89 211.95 558.91 1,005.81 144.84 

18 812.32 1,461.85 210.51 558.91 1,005.81 144.84 

19 781.53 1,406.44 202.53 558.91 1,005.81 144.84 

20 850.72 1,530.95 220.46 555.36 999.42 143.92 

21 968.80 1,743.45 251.06 555.36 999.42 143.92 

22 955.94 1,720.31 247.72 555.36 999.42 143.92 

23 942.41 1,695.95 244.22 555.36 999.42 143.92 

24 935.14 1,682.86 242.33 555.36 999.42 143.92 
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Cultivating time (Hour) 

Microalgal cultivation inlet carbon dioxide Microalgal cultivation outlet carbon dioxide 

CCO2FI 

(ppm) 

CCO2FI 

(mg/m3) 

HCO2FI 

(mg) 

CCO2FO 

(ppm) 

CCO2FO 

(mg/m3) 

HCO2FO 

(mg) 

25 930.91 1,675.25 241.24 555.36 999.42 143.92 

26 933.78 1,680.43 241.98 555.36 999.42 143.92 

27 936.49 1,685.30 242.68 555.36 999.42 143.92 

28 935.81 1,684.08 242.51 555.36 999.42 143.92 

29 930.40 1,674.34 241.10 555.36 999.42 143.92 

30 912.30 1,641.77 236.41 555.36 999.42 143.92 

31 906.38 1,631.11 234.88 555.36 999.42 143.92 

32 892.68 1,606.45 231.33 555.36 999.42 143.92 

33 877.28 1,578.75 227.34 555.36 999.42 143.92 

34 878.13 1,580.27 227.56 555.36 999.42 143.92 

35 882.70 1,588.49 228.74 555.36 999.42 143.92 

36 877.96 1,579.97 227.52 555.36 999.42 143.92 

37 863.24 1,553.48 223.70 555.36 999.42 143.92 

38 852.08 1,533.39 220.81 555.36 999.42 143.92 

39 848.02 1,526.08 219.76 555.36 999.42 143.92 

40 840.40 1,512.38 217.78 555.36 999.42 143.92 

41 852.25 1,533.69 220.85 555.36 999.42 143.92 

42 848.52 1,526.99 219.89 555.36 999.42 143.92 

43 712.01 1,281.32 184.51 555.36 999.42 143.92 

44 798.62 1,437.19 206.96 555.36 999.42 143.92 

45 1,028.52 1,850.91 266.53 624.89 1,124.54 161.93 

46 1,048.82 1,887.44 271.79 624.89 1,124.54 161.93 

47 1,027.67 1,849.39 266.31 624.89 1,124.54 161.93 

48 1,021.24 1,837.82 264.65 624.89 1,124.54 161.93 

49 1,006.53 1,811.33 260.83 624.89 1,124.54 161.93 

50 994.85 1,790.33 257.81 624.89 1,124.54 161.93 

51 996.38 1,793.07 258.20 624.89 1,124.54 161.93 

52 987.24 1,776.63 255.83 624.89 1,124.54 161.93 

53 978.44 1,760.80 253.55 624.89 1,124.54 161.93 

54 968.12 1,742.23 250.88 624.89 1,124.54 161.93 

55 957.64 1,723.35 248.16 624.89 1,124.54 161.93 

56 933.45 1,679.82 241.89 624.89 1,124.54 161.93 

57 922.45 1,660.03 239.04 624.89 1,124.54 161.93 

58 912.64 1,642.37 236.50 624.89 1,124.54 161.93 

59 906.89 1,632.02 235.01 624.89 1,124.54 161.93 

60 898.43 1,616.80 232.82 624.89 1,124.54 161.93 

61 879.31 1,582.40 227.87 624.89 1,124.54 161.93 

62 863.24 1,553.48 223.70 624.89 1,124.54 161.93 

63 851.06 1,531.56 220.54 624.89 1,124.54 161.93 

64 846.83 1,523.95 219.45 624.89 1,124.54 161.93 

65 845.31 1,521.21 219.05 624.89 1,124.54 161.93 

66 854.95 1,538.56 221.55 624.89 1,124.54 161.93 

67 861.38 1,550.13 223.22 624.89 1,124.54 161.93 

68 858.67 1,545.26 222.52 624.89 1,124.54 161.93 

69 842.10 1,515.43 218.22 624.89 1,124.54 161.93 

70 744.66 1,340.07 192.97 624.89 1,124.54 161.93 

71 948.50 1,706.91 245.80 596.97 1,074.31 154.70 

72 971.34 1,748.01 251.71 596.97 1,074.31 154.70 

73 972.52 1,750.14 252.02 596.97 1,074.31 154.70 

74 954.08 1,716.96 247.24 596.97 1,074.31 154.70 

75 945.29 1,701.13 244.96 596.97 1,074.31 154.70 

76 936.83 1,685.91 242.77 596.97 1,074.31 154.70 

77 925.66 1,665.82 239.88 596.97 1,074.31 154.70 

78 928.88 1,671.60 240.71 596.97 1,074.31 154.70 

79 927.19 1,668.56 240.27 596.97 1,074.31 154.70 

80 935.48 1,683.47 242.42 596.97 1,074.31 154.70 

81 932.43 1,677.99 241.63 596.97 1,074.31 154.70 

82 932.60 1,678.30 241.67 596.97 1,074.31 154.70 

83 913.15 1,643.29 236.63 596.97 1,074.31 154.70 

84 911.62 1,640.55 236.24 596.97 1,074.31 154.70 
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Cultivating time (Hour) 

Microalgal cultivation inlet carbon dioxide Microalgal cultivation outlet carbon dioxide 

CCO2FI 

(ppm) 

CCO2FI 

(mg/m3) 

HCO2FI 

(mg) 

CCO2FO 

(ppm) 

CCO2FO 

(mg/m3) 

HCO2FO 

(mg) 

85 894.88 1,610.41 231.90 596.97 1,074.31 154.70 

86 886.92 1,596.10 229.84 596.97 1,074.31 154.70 

87 859.52 1,546.78 222.74 596.97 1,074.31 154.70 

88 845.31 1,521.21 219.05 596.97 1,074.31 154.70 

89 763.94 1,374.78 197.97 556.88 1,002.16 144.31 

90 940.38 1,692.30 243.69 556.88 1,002.16 144.31 

91 1,195.99 2,152.30 309.93 556.88 1,002.16 144.31 

92 1,159.45 2,086.54 300.46 556.88 1,002.16 144.31 

93 1,137.80 2,047.57 294.85 556.88 1,002.16 144.31 

94 1,128.33 2,030.52 292.40 556.88 1,002.16 144.31 

95 1,130.02 2,033.57 292.83 556.88 1,002.16 144.31 

96 1,117.67 2,011.34 289.63 556.88 1,002.16 144.31 

97 1,115.64 2,007.69 289.11 556.88 1,002.16 144.31 

98 1,132.72 2,038.44 293.54 556.88 1,002.16 144.31 

99 1,120.88 2,017.13 290.47 556.88 1,002.16 144.31 

100 1,102.10 1,983.34 285.60 556.88 1,002.16 144.31 

101 1,093.14 1,967.20 283.28 556.88 1,002.16 144.31 

102 1,068.27 1,922.45 276.83 556.88 1,002.16 144.31 

103 1,059.81 1,907.23 274.64 556.88 1,002.16 144.31 

104 1,052.03 1,893.23 272.62 556.88 1,002.16 144.31 

105 1,030.38 1,854.26 267.01 556.88 1,002.16 144.31 

106 1,022.77 1,840.56 265.04 556.88 1,002.16 144.31 

107 1,013.12 1,823.21 262.54 556.88 1,002.16 144.31 

108 1,006.53 1,811.33 260.83 556.88 1,002.16 144.31 

109 1,000.27 1,800.07 259.21 556.88 1,002.16 144.31 

110 993.67 1,788.20 257.50 556.88 1,002.16 144.31 

111 996.88 1,793.98 258.33 556.88 1,002.16 144.31 

112 982.33 1,767.80 254.56 556.88 1,002.16 144.31 

113 964.57 1,735.83 249.96 556.88 1,002.16 144.31 

114 957.13 1,722.44 248.03 556.88 1,002.16 144.31 

115 781.20 1,405.83 202.44 586.32 1,055.13 151.94 

116 1,063.20 1,913.32 275.52 586.32 1,055.13 151.94 

117 1,411.00 2,539.23 365.65 586.32 1,055.13 151.94 

118 1,496.60 2,693.27 387.83 586.32 1,055.13 151.94 

119 1,458.03 2,623.86 377.84 586.32 1,055.13 151.94 

120 1,419.80 2,555.06 367.93 586.32 1,055.13 151.94 

121 1,395.10 2,510.61 361.53 586.32 1,055.13 151.94 

122 1,425.21 2,564.80 369.33 586.32 1,055.13 151.94 

123 1,444.16 2,598.90 374.24 586.32 1,055.13 151.94 

124 1,416.92 2,549.88 367.18 586.32 1,055.13 151.94 

125 1,418.28 2,552.32 367.53 586.32 1,055.13 151.94 

126 1,433.16 2,579.11 371.39 586.32 1,055.13 151.94 

127 1,421.66 2,558.41 368.41 586.32 1,055.13 151.94 

128 1,385.63 2,493.56 359.07 586.32 1,055.13 151.94 

129 1,378.69 2,481.08 357.28 586.32 1,055.13 151.94 

130 1,364.82 2,456.12 353.68 586.32 1,055.13 151.94 

131 1,372.09 2,469.21 355.57 586.32 1,055.13 151.94 

132 1,337.92 2,407.71 346.71 586.32 1,055.13 151.94 

133 1,313.06 2,362.96 340.27 586.32 1,055.13 151.94 

134 1,290.22 2,321.86 334.35 586.32 1,055.13 151.94 

135 1,270.26 2,285.94 329.18 586.32 1,055.13 151.94 

136 924.48 1,663.68 239.57 586.32 1,055.13 151.94 

137 1,120.04 2,015.61 290.25 630.98 1,135.50 163.51 

138 1,153.70 2,076.19 298.97 630.98 1,135.50 163.51 

139 1,127.31 2,028.70 292.13 630.98 1,135.50 163.51 

140 1,101.09 1,981.51 285.34 630.98 1,135.50 163.51 

141 1,088.40 1,958.68 282.05 630.98 1,135.50 163.51 

142 1,062.01 1,911.19 275.21 630.98 1,135.50 163.51 

143 1,042.05 1,875.26 270.04 630.98 1,135.50 163.51 

144 1,031.56 1,856.39 267.32 630.98 1,135.50 163.51 
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Cultivating time (Hour) 

Microalgal cultivation inlet carbon dioxide Microalgal cultivation outlet carbon dioxide 

CCO2FI 

(ppm) 

CCO2FI 

(mg/m3) 

HCO2FI 

(mg) 

CCO2FO 

(ppm) 

CCO2FO 

(mg/m3) 

HCO2FO 

(mg) 

145 1,019.72 1,835.08 264.25 630.98 1,135.50 163.51 

146 1,000.27 1,800.07 259.21 630.98 1,135.50 163.51 

147 999.59 1,798.85 259.03 630.98 1,135.50 163.51 

148 984.70 1,772.06 255.18 630.98 1,135.50 163.51 

149 966.43 1,739.18 250.44 630.98 1,135.50 163.51 

150 956.62 1,721.53 247.90 630.98 1,135.50 163.51 

151 943.43 1,697.78 244.48 630.98 1,135.50 163.51 

152 940.04 1,691.69 243.60 630.98 1,135.50 163.51 

153 941.57 1,694.43 244.00 630.98 1,135.50 163.51 

154 932.43 1,677.99 241.63 630.98 1,135.50 163.51 

155 927.02 1,668.25 240.23 630.98 1,135.50 163.51 

156 924.14 1,663.08 239.48 630.98 1,135.50 163.51 

157 919.57 1,654.86 238.30 630.98 1,135.50 163.51 

158 913.48 1,643.90 236.72 630.98 1,135.50 163.51 

159 908.24 1,634.46 235.36 630.98 1,135.50 163.51 

160 911.79 1,640.85 236.28 630.98 1,135.50 163.51 

161 917.37 1,650.90 237.73 630.98 1,135.50 163.51 

162 830.25 1,494.12 215.15 630.98 1,135.50 163.51 

163 888.95 1,599.75 230.36 593.42 1,067.91 153.78 

164 1,028.69 1,851.21 266.57 593.42 1,067.91 153.78 

165 1,043.07 1,877.09 270.30 593.42 1,067.91 153.78 

166 1,032.75 1,858.52 267.63 593.42 1,067.91 153.78 

167 1,024.46 1,843.60 265.48 593.42 1,067.91 153.78 

168 1,008.72 1,815.29 261.40 593.42 1,067.91 153.78 

169 996.71 1,793.68 258.29 593.42 1,067.91 153.78 

170 989.78 1,781.19 256.49 593.42 1,067.91 153.78 

171 1,001.96 1,803.11 259.65 593.42 1,067.91 153.78 

172 991.13 1,783.63 256.84 593.42 1,067.91 153.78 

173 970.32 1,746.19 251.45 593.42 1,067.91 153.78 

174 952.22 1,713.61 246.76 593.42 1,067.91 153.78 

175 936.15 1,684.69 242.60 593.42 1,067.91 153.78 

176 929.72 1,673.12 240.93 593.42 1,067.91 153.78 

177 923.97 1,662.77 239.44 593.42 1,067.91 153.78 

178 911.62 1,640.55 236.24 593.42 1,067.91 153.78 

179 904.18 1,627.15 234.31 593.42 1,067.91 153.78 

180 904.86 1,628.37 234.49 593.42 1,067.91 153.78 

181 900.12 1,619.85 233.26 593.42 1,067.91 153.78 

182 895.38 1,611.32 232.03 593.42 1,067.91 153.78 

183 890.48 1,602.49 230.76 593.42 1,067.91 153.78 

184 883.03 1,589.10 228.83 593.42 1,067.91 153.78 

  Sum 47,205  Sum 28,074 

 

 

Table F25 the concentrations and mass of carbon dioxide in air that flow in/out microalgal 

cultivation during nile tilapia cultivation with 5 kg/m3 fish density. 

Cultivating time (Hour) 

Microalgal cultivation inlet carbon dioxide Microalgal cultivation outlet carbon dioxide 

CCO2FI 

(ppm) 

CCO2FI 

(mg/m3) 

HCO2FI 

(mg) 

CCO2FO 

(ppm) 

CCO2FO 

(mg/m3) 

HCO2FO 

(mg) 

1 1,253.68 2,256.11 324.88 559.93 1,007.64 145.10 

2 1,355.85 2,439.98 351.36 559.93 1,007.64 145.10 

3 1,361.94 2,450.94 352.94 559.93 1,007.64 145.10 

4 1,341.64 2,414.41 347.68 559.93 1,007.64 145.10 

5 1,316.95 2,369.96 341.27 559.93 1,007.64 145.10 

6 1,334.71 2,401.93 345.88 559.93 1,007.64 145.10 

7 1,383.43 2,489.61 358.50 559.93 1,007.64 145.10 

8 1,330.31 2,394.01 344.74 559.93 1,007.64 145.10 
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Cultivating time (Hour) 

Microalgal cultivation inlet carbon dioxide Microalgal cultivation outlet carbon dioxide 

CCO2FI 

(ppm) 

CCO2FI 

(mg/m3) 

HCO2FI 

(mg) 

CCO2FO 

(ppm) 

CCO2FO 

(mg/m3) 

HCO2FO 

(mg) 

9 1,318.47 2,372.70 341.67 559.93 1,007.64 145.10 

10 1,289.03 2,319.73 334.04 559.93 1,007.64 145.10 

11 1,322.19 2,379.40 342.63 559.93 1,007.64 145.10 

12 1,414.22 2,545.01 366.48 559.93 1,007.64 145.10 

13 1,440.95 2,593.11 373.41 559.93 1,007.64 145.10 

14 1,441.96 2,594.94 373.67 559.93 1,007.64 145.10 

15 1,443.14 2,597.07 373.98 559.93 1,007.64 145.10 

16 1,484.25 2,671.05 384.63 559.93 1,007.64 145.10 

17 1,542.95 2,776.68 399.84 559.93 1,007.64 145.10 

18 1,564.94 2,816.26 405.54 559.93 1,007.64 145.10 

19 1,585.92 2,854.01 410.98 559.93 1,007.64 145.10 

20 582.26 1,047.82 150.89 602.56 1,084.35 156.15 

21 1,468.86 2,643.34 380.64 602.56 1,084.35 156.15 

22 1,968.91 3,543.24 510.23 602.56 1,084.35 156.15 

23 2,137.91 3,847.37 554.02 602.56 1,084.35 156.15 

24 2,113.89 3,804.14 547.80 602.56 1,084.35 156.15 

25 2,088.68 3,758.78 541.26 602.56 1,084.35 156.15 

26 2,068.05 3,721.64 535.92 602.56 1,084.35 156.15 

27 2,003.09 3,604.74 519.08 602.56 1,084.35 156.15 

28 1,991.58 3,584.03 516.10 602.56 1,084.35 156.15 

29 1,937.79 3,487.22 502.16 602.56 1,084.35 156.15 

30 1,873.50 3,371.54 485.50 602.56 1,084.35 156.15 

31 1,808.04 3,253.73 468.54 602.56 1,084.35 156.15 

32 1,760.84 3,168.79 456.31 602.56 1,084.35 156.15 

33 1,686.24 3,034.54 436.97 602.56 1,084.35 156.15 

34 1,623.14 2,920.98 420.62 602.56 1,084.35 156.15 

35 1,563.59 2,813.82 405.19 602.56 1,084.35 156.15 

36 1,543.80 2,778.21 400.06 602.56 1,084.35 156.15 

37 1,536.02 2,764.20 398.05 602.56 1,084.35 156.15 

38 1,528.57 2,750.81 396.12 602.56 1,084.35 156.15 

39 1,506.75 2,711.54 390.46 602.56 1,084.35 156.15 

40 1,517.24 2,730.41 393.18 602.56 1,084.35 156.15 

41 1,522.15 2,739.24 394.45 602.56 1,084.35 156.15 

42 1,497.79 2,695.40 388.14 602.56 1,084.35 156.15 

43 856.47 1,541.30 221.95 572.11 1,029.56 148.26 

44 1,337.92 2,407.71 346.71 572.11 1,029.56 148.26 

45 1,929.16 3,471.70 499.92 572.11 1,029.56 148.26 

46 1,880.78 3,384.63 487.39 572.11 1,029.56 148.26 

47 1,819.03 3,273.51 471.39 572.11 1,029.56 148.26 

48 1,780.80 3,204.71 461.48 572.11 1,029.56 148.26 

49 1,765.91 3,177.92 457.62 572.11 1,029.56 148.26 

50 1,752.38 3,153.57 454.11 572.11 1,029.56 148.26 

51 1,700.28 3,059.80 440.61 572.11 1,029.56 148.26 

52 1,638.36 2,948.38 424.57 572.11 1,029.56 148.26 

53 1,575.26 2,834.83 408.22 572.11 1,029.56 148.26 

54 1,529.93 2,753.24 396.47 572.11 1,029.56 148.26 

55 1,496.77 2,693.57 387.87 572.11 1,029.56 148.26 

56 1,447.71 2,605.29 375.16 572.11 1,029.56 148.26 

57 1,414.89 2,546.23 366.66 572.11 1,029.56 148.26 

58 1,393.24 2,507.26 361.05 572.11 1,029.56 148.26 

59 1,359.41 2,446.38 352.28 572.11 1,029.56 148.26 

60 1,331.49 2,396.14 345.04 572.11 1,029.56 148.26 

61 1,343.51 2,417.76 348.16 572.11 1,029.56 148.26 

62 1,329.97 2,393.41 344.65 572.11 1,029.56 148.26 

63 1,311.53 2,360.22 339.87 572.11 1,029.56 148.26 

64 1,300.54 2,340.43 337.02 572.11 1,029.56 148.26 

65 1,290.05 2,321.56 334.30 572.11 1,029.56 148.26 

66 924.48 1,663.68 239.57 613.72 1,104.44 159.04 

67 878.80 1,581.49 227.73 613.72 1,104.44 159.04 

68 1,799.58 3,238.50 466.34 613.72 1,104.44 159.04 
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Cultivating time (Hour) 

Microalgal cultivation inlet carbon dioxide Microalgal cultivation outlet carbon dioxide 

CCO2FI 

(ppm) 

CCO2FI 

(mg/m3) 

HCO2FI 

(mg) 

CCO2FO 

(ppm) 

CCO2FO 

(mg/m3) 

HCO2FO 

(mg) 

69 1,766.59 3,179.14 457.80 613.72 1,104.44 159.04 

70 1,738.17 3,128.00 450.43 613.72 1,104.44 159.04 

71 1,746.29 3,142.61 452.54 613.72 1,104.44 159.04 

72 1,761.52 3,170.01 456.48 613.72 1,104.44 159.04 

73 1,762.87 3,172.44 456.83 613.72 1,104.44 159.04 

74 1,737.83 3,127.39 450.34 613.72 1,104.44 159.04 

75 1,688.77 3,039.10 437.63 613.72 1,104.44 159.04 

76 1,621.62 2,918.24 420.23 613.72 1,104.44 159.04 

77 1,572.56 2,829.96 407.51 613.72 1,104.44 159.04 

78 1,515.04 2,726.45 392.61 613.72 1,104.44 159.04 

79 1,460.06 2,627.51 378.36 613.72 1,104.44 159.04 

80 1,424.71 2,563.89 369.20 613.72 1,104.44 159.04 

81 1,404.74 2,527.96 364.03 613.72 1,104.44 159.04 

82 1,360.59 2,448.51 352.59 613.72 1,104.44 159.04 

83 1,333.36 2,399.49 345.53 613.72 1,104.44 159.04 

84 1,321.34 2,377.88 342.41 613.72 1,104.44 159.04 

85 1,318.13 2,372.09 341.58 613.72 1,104.44 159.04 

86 1,304.43 2,347.44 338.03 613.72 1,104.44 159.04 

87 1,293.26 2,327.34 335.14 613.72 1,104.44 159.04 

88 1,312.72 2,362.35 340.18 613.72 1,104.44 159.04 

89 1,307.64 2,353.22 338.86 613.72 1,104.44 159.04 

90 1,265.18 2,276.81 327.86 613.72 1,104.44 159.04 

91 875.59 1,575.70 226.90 620.83 1,117.23 160.88 

92 790.84 1,423.18 204.94 620.83 1,117.23 160.88 

93 1,573.57 2,831.79 407.78 620.83 1,117.23 160.88 

94 1,693.34 3,047.32 438.81 620.83 1,117.23 160.88 

95 1,637.69 2,947.16 424.39 620.83 1,117.23 160.88 

96 1,621.62 2,918.24 420.23 620.83 1,117.23 160.88 

97 1,603.68 2,885.97 415.58 620.83 1,117.23 160.88 

98 1,585.08 2,852.49 410.76 620.83 1,117.23 160.88 

99 1,565.11 2,816.56 405.59 620.83 1,117.23 160.88 

100 1,580.00 2,843.35 409.44 620.83 1,117.23 160.88 

101 1,622.12 2,919.16 420.36 620.83 1,117.23 160.88 

102 1,601.32 2,881.71 414.97 620.83 1,117.23 160.88 

103 1,542.61 2,776.07 399.75 620.83 1,117.23 160.88 

104 1,485.10 2,672.57 384.85 620.83 1,117.23 160.88 

105 1,425.38 2,565.10 369.37 620.83 1,117.23 160.88 

106 1,375.65 2,475.60 356.49 620.83 1,117.23 160.88 

107 1,339.95 2,411.37 347.24 620.83 1,117.23 160.88 

108 1,323.21 2,381.23 342.90 620.83 1,117.23 160.88 

109 1,327.94 2,389.75 344.12 620.83 1,117.23 160.88 

110 1,308.15 2,354.13 339.00 620.83 1,117.23 160.88 

111 1,292.76 2,326.43 335.01 620.83 1,117.23 160.88 

112 1,274.15 2,292.94 330.18 620.83 1,117.23 160.88 

113 1,275.50 2,295.38 330.53 620.83 1,117.23 160.88 

114 1,274.15 2,292.94 330.18 620.83 1,117.23 160.88 

115 1,001.28 1,801.90 259.47 620.83 1,117.23 160.88 

116 705.07 1,268.84 182.71 631.99 1,137.32 163.77 

117 1,481.04 2,665.26 383.80 631.99 1,137.32 163.77 

118 1,689.45 3,040.32 437.81 631.99 1,137.32 163.77 

119 1,712.80 3,082.33 443.86 631.99 1,137.32 163.77 

120 1,720.41 3,096.03 445.83 631.99 1,137.32 163.77 

121 1,709.58 3,076.55 443.02 631.99 1,137.32 163.77 

122 1,713.81 3,084.16 444.12 631.99 1,137.32 163.77 

123 1,727.18 3,108.21 447.58 631.99 1,137.32 163.77 

124 1,701.80 3,062.54 441.01 631.99 1,137.32 163.77 

125 1,641.07 2,953.25 425.27 631.99 1,137.32 163.77 

126 1,578.14 2,840.01 408.96 631.99 1,137.32 163.77 

127 1,530.94 2,755.07 396.73 631.99 1,137.32 163.77 

128 1,489.33 2,680.18 385.95 631.99 1,137.32 163.77 
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Cultivating time (Hour) 

Microalgal cultivation inlet carbon dioxide Microalgal cultivation outlet carbon dioxide 

CCO2FI 

(ppm) 

CCO2FI 

(mg/m3) 

HCO2FI 

(mg) 

CCO2FO 

(ppm) 

CCO2FO 

(mg/m3) 

HCO2FO 

(mg) 

129 1,464.97 2,636.34 379.63 631.99 1,137.32 163.77 

130 1,444.16 2,598.90 374.24 631.99 1,137.32 163.77 

131 1,419.80 2,555.06 367.93 631.99 1,137.32 163.77 

132 1,394.26 2,509.09 361.31 631.99 1,137.32 163.77 

133 1,388.33 2,498.43 359.77 631.99 1,137.32 163.77 

134 1,372.60 2,470.12 355.70 631.99 1,137.32 163.77 

135 1,351.46 2,432.07 350.22 631.99 1,137.32 163.77 

136 1,345.20 2,420.80 348.60 631.99 1,137.32 163.77 

137 1,369.05 2,463.73 354.78 631.99 1,137.32 163.77 

138 1,347.40 2,424.76 349.17 631.99 1,137.32 163.77 

139 1,338.26 2,408.32 346.80 631.99 1,137.32 163.77 

140 1,074.02 1,932.80 278.32 631.99 1,137.32 163.77 

141 893.86 1,608.58 231.64 692.89 1,246.92 179.56 

142 1,801.27 3,241.55 466.78 692.89 1,246.92 179.56 

143 1,790.27 3,221.76 463.93 692.89 1,246.92 179.56 

144 1,773.87 3,192.23 459.68 692.89 1,246.92 179.56 

145 1,806.01 3,250.07 468.01 692.89 1,246.92 179.56 

146 1,860.82 3,348.71 482.21 692.89 1,246.92 179.56 

147 1,981.77 3,566.38 513.56 692.89 1,246.92 179.56 

148 2,054.68 3,697.59 532.45 692.89 1,246.92 179.56 

149 2,068.55 3,722.55 536.05 692.89 1,246.92 179.56 

150 2,138.42 3,848.28 554.15 692.89 1,246.92 179.56 

151 2,171.75 3,908.25 562.79 692.89 1,246.92 179.56 

152 2,129.79 3,832.75 551.92 692.89 1,246.92 179.56 

153 2,061.79 3,710.37 534.29 692.89 1,246.92 179.56 

154 2,001.56 3,602.00 518.69 692.89 1,246.92 179.56 

155 1,980.59 3,564.25 513.25 692.89 1,246.92 179.56 

156 1,931.36 3,475.66 500.49 692.89 1,246.92 179.56 

157 1,925.44 3,465.00 498.96 692.89 1,246.92 179.56 

158 1,916.47 3,448.87 496.64 692.89 1,246.92 179.56 

159 1,890.25 3,401.68 489.84 692.89 1,246.92 179.56 

160 1,913.94 3,444.30 495.98 692.89 1,246.92 179.56 

161 1,906.83 3,431.51 494.14 692.89 1,246.92 179.56 

162 1,903.95 3,426.34 493.39 692.89 1,246.92 179.56 

163 1,725.15 3,104.56 447.06 692.89 1,246.92 179.56 

164 1,518.09 2,731.93 393.40 692.89 1,246.92 179.56 

165 821.63 1,478.59 212.92 609.66 1,097.14 157.99 

166 635.88 1,144.33 164.78 609.66 1,097.14 157.99 

167 894.54 1,609.80 231.81 609.66 1,097.14 157.99 

168 2,525.81 4,545.43 654.54 609.66 1,097.14 157.99 

169 2,693.29 4,846.81 697.94 609.66 1,097.14 157.99 

170 2,688.38 4,837.98 696.67 609.66 1,097.14 157.99 

171 2,640.68 4,752.13 684.31 609.66 1,097.14 157.99 

172 2,632.56 4,737.52 682.20 609.66 1,097.14 157.99 

173 2,609.72 4,696.42 676.29 609.66 1,097.14 157.99 

174 2,587.73 4,656.85 670.59 609.66 1,097.14 157.99 

175 2,516.17 4,528.07 652.04 609.66 1,097.14 157.99 

176 2,463.05 4,432.48 638.28 609.66 1,097.14 157.99 

177 2,389.46 4,300.06 619.21 609.66 1,097.14 157.99 

178 2,295.91 4,131.70 594.97 609.66 1,097.14 157.99 

179 2,240.93 4,032.76 580.72 609.66 1,097.14 157.99 

180 2,205.07 3,968.23 571.42 609.66 1,097.14 157.99 

181 2,187.65 3,936.87 566.91 609.66 1,097.14 157.99 

182 2,140.45 3,851.93 554.68 609.66 1,097.14 157.99 

183 2,113.38 3,803.22 547.66 609.66 1,097.14 157.99 

184 2,091.22 3,763.34 541.92 609.66 1,097.14 157.99 

185 2,091.05 3,763.04 541.88 609.66 1,097.14 157.99 

  Sum 77,581  Sum 29,478 
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Appendix G 

 

G1. Result from High-Performance Liquid Chromatography analysis 

 

 

Fig G1 Chromatogram of extracted pigments solution from Scenedesmus armatus 

 

 

Fig G2 (A) Spectrum of the 1st peak in chromatogram [Unidentified carotenoid 1], (B) 

Spectrum of the 2nd peak in chromatogram [Lutein], (C) Spectrum of the 3rd peak in 

chromatogram [Unidentified carotenoid 2], (D, E) Spectrum of the 4th and 5th peaks in 

chromatogram [Chlorophyll-b] and (F, G) Spectrum of the 6th and 7th peaks in 

chromatogram [Chlorophyll-a] ; These peak’s spectrums were identified by comparing 

with the pigment spectrums as references (Mantoura and Wrigh, 1997). 
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Table G1 Pigment analysis from BG-11 treatment by High-Performance Liquid 

Chromatography (Shimadzu Model SPD-M20A) (Sample: solvent =3:1) 

Peak no. 
Retention 

time (min) 

Peak area 
Pigment 

Rep 1 Rep 2 Rep 3 

1 2.375 882,420 688,075 407,963 
Unidentified 

carotenoid 1 

2 3.289 816,128 436,553 432,535 Lutein 

3 3.844 139,590 127,146 60,282 
Unidentified 

carotenoid 2 

4 7.283 1,141,598 894,021 433,011 Chlorophyll-b 

5 8.047 247,127 165,774 67,571 Chlorophyll-b 

6 10.711 2,584,279 1,819,933 899,306 Chlorophyll-a 

7 12.186 162,545 86,757 54,577 Chlorophyll-a 

 

Table G2 Pigment analysis from Effluent treatment by High-Performance Liquid 

Chromatography (Shimadzu Model SPD-M20A) (Sample: solvent =3:1) 

Peak no. 
Retention 

time (min) 

Peak area 
Pigment 

Rep 1 Rep 2 Rep 3 

1 2.400 526,573 457,978 59,282 
Unidentified 

carotenoid 1 

2 3.288 572,396 487,853 109,335 Lutein 

3 3.834 133,584 113,784 108,860 
Unidentified 

carotenoid 2 

4 7.290 626,151 482,282 62,886 Chlorophyll-b 

5 8.060 140,273 105,947 0 Chlorophyll-b 

6 10.749 1,134,007 852,738 96,513 Chlorophyll-a 

7 12.244 102,920 86,355 0 Chlorophyll-a 
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Table G3 Pigment analysis from C treatment by High-Performance Liquid 

Chromatography (Shimadzu Model SPD-M20A) (Sample: solvent =1:2) 

Peak no. 
Retention 

time (min) 

Peak area 
Pigment 

Rep 1 Rep 2 Rep 3 

1 2.410 18,239 52,207 36,277 
Unidentified 

carotenoid 1 

2 3.374 30,758 82,232 58,515 Lutein 

3 7.648 27,694 53,814 36,409 Chlorophyll-b 

4 11.398 39,251 90,867 64,490 Chlorophyll-a 

 

Table G4 Pigment analysis from T1 treatment by High-Performance Liquid 

Chromatography (Shimadzu Model SPD-M20A) (Sample: solvent =1:2) 

Peak no. 
Retention 

time (min) 

Peak area 
Pigment 

Rep 1 Rep 2 Rep 3 

1 2.410 76,924 37,918 32,399 
Unidentified 

carotenoid 1 

2 3.373 64,146 45,166 34,016 Lutein 

3 7.630 63,468 46,319 43,071 Chlorophyll-b 

4 11.364 86,047 63,962 59,838 Chlorophyll-a 

 

Table G5 Pigment analysis from T2 treatment by High-Performance Liquid 

Chromatography (Shimadzu Model SPD-M20A) (Sample: solvent =1:2) 

Peak no. 
Retention 

time (min) 

Peak area 
Pigment 

Rep 1 Rep 2 Rep 3 

1 2.400 0 30,627 58,533 
Unidentified 

carotenoid 1 

2 3.358 62,565 32,582 49,157 Lutein 

3 7.607 51,586 25,264 74,763 Chlorophyll-b 

4 11.325 67,147 32,502 99,590 Chlorophyll-a 

 

 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

175 

Table G6 Pigment analysis from T3 treatment by High-Performance Liquid 

Chromatography (Shimadzu Model SPD-M20A) (Sample: solvent =1:2) 

Peak no. 
Retention 

time (min) 

Peak area 
Pigment 

Rep 1 Rep 2 Rep 3 

1 2.401 131,877 82,857 64,603 
Unidentified 

carotenoid 1 

2 3.345 78,816 74,895 60,932 Lutein 

3 7.565 114,978 92,514 58,833 Chlorophyll-b 

4 11.266 166,383 105,698 66,472 Chlorophyll-a 
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G2. Result from CHN analysis 

 

Where   NI = nile tilapia biomass 

  OR = Suspended organic solids 

  FD = Approximately 15% protein fish feed 

 SC = Scenedesmus armatus biomass which obtained from 

experiments 
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G3. Result from GC 
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CO2 9901 ppm 
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CO2 9901 ppm 

CO2 9901 ppm 
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Fig F1 Relative graph between carbon dioxide concentrations and CO2 peak area 

from packed column gas chromatography analysis 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix G 

 

G1. Statistical analysis in “Utilization of nitrifying biofilter effluent from 

commercial aquaculture to cultivate microalgae” 

 

Specific growth rate 

 

T-TEST GROUPS=Group(1 2) 

  /MISSING=ANALYSIS 

  /VARIABLES=SGR 

  /CRITERIA=CI(.95). 

T-Test 

Group Statistics 

 Group N Mean Std. Deviation Std. Error Mean 

SGR 1.00 3 .8866 .09427 .05443 

2.00 3 1.5481 .11857 .06845 

Independent Samples Test 

 

Levene's Test for Equality of Variances 

t-test for Equality of 

Means 

F Sig. t df 

SGR Equal variances assumed .183 .691 -7.564 4 

Equal variances not assumed   -7.564 3.807 

Independent Samples Test 

 

t-test for Equality of Means 

Sig. (2-tailed) Mean Difference 

Std. Error 

Difference 

95% Confidence 

Interval of the 

Difference 

Lower 

SGR Equal variances assumed .002 -.66150 .08745 -.90431 

Equal variances not assumed .002 -.66150 .08745 -.90926 

 

Independent Samples Test 

 

t-test for Equality of Means 

95% Confidence Interval of the 

Difference 

Upper 

SGR Equal variances assumed -.41869 

Equal variances not assumed -.41374 
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Maximum cells number density 

 

T-TEST GROUPS=Group(1 2) 

  /MISSING=ANALYSIS 

  /VARIABLES=Maxcells 

  /CRITERIA=CI(.95). 

 

T-Test 

Group Statistics 

 Group N Mean Std. Deviation Std. Error Mean 

Maxcells 1.00 3 603.6111 111.69258 64.48574 

2.00 3 648.8889 72.99321 42.14265 

 

Independent Samples Test 

 

Levene's Test for Equality of 

Variances 

t-test for Equality of 

Means 

F Sig. t df 

Maxcells Equal variances assumed .269 .632 -.588 4 

Equal variances not 

assumed 
  -.588 3.445 

 

Independent Samples Test 

 

t-test for Equality of Means 

Sig. (2-tailed) Mean Difference 

Std. Error 

Difference 

Maxcells Equal variances assumed .588 -45.27778 77.03515 

Equal variances not assumed .593 -45.27778 77.03515 

 

Independent Samples Test 

 

t-test for Equality of Means 

95% Confidence Interval of the Difference 

Lower Upper 

Maxcells Equal variances assumed -259.16163 168.60607 

Equal variances not assumed -273.46696 182.91141 
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Chlorophyll content 

 

T-TEST GROUPS=Group(1 2) 

  /MISSING=ANALYSIS 

  /VARIABLES=Chlo_a 

  /CRITERIA=CI(.95). 

 

T-Test 

Group Statistics 

 Group N Mean Std. Deviation Std. Error Mean 

Chlo_a 1.00 3 16.7183 7.39964 4.27218 

2.00 3 10.5180 6.05551 3.49615 

 

Independent Samples Test 

 

Levene's Test for Equality of 

Variances 

t-test for Equality of 

Means 

F Sig. t df 

Chlo_a Equal variances assumed .212 .669 1.123 4 

Equal variances not 

assumed 
  1.123 3.849 

 

Independent Samples Test 

 

t-test for Equality of Means 

Sig. (2-tailed) Mean Difference 

Std. Error 

Difference 

Chlo_a Equal variances assumed .324 6.20036 5.52038 

Equal variances not assumed .326 6.20036 5.52038 

 

Independent Samples Test 

 

t-test for Equality of Means 

95% Confidence Interval of the Difference 

Lower Upper 

Chlo_a Equal variances assumed -9.12667 21.52739 

Equal variances not assumed -9.36614 21.76686 
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Carotenoid content 

 

T-TEST GROUPS=Group(1 2) 

  /MISSING=ANALYSIS 

  /VARIABLES=Caro 

  /CRITERIA=CI(.95). 

T-Test 

Group Statistics 

 Group N Mean Std. Deviation Std. Error Mean 

Caro 1.00 3 3.9569 .99829 .57637 

2.00 3 3.0941 1.99724 1.15311 

 

Independent Samples Test 

 

Levene's Test for Equality of 

Variances 

t-test for Equality of 

Means 

F Sig. t df 

Caro Equal variances assumed 1.709 .261 .669 4 

Equal variances not 

assumed 
  .669 2.941 

 

Independent Samples Test 

 

t-test for Equality of Means 

Sig. (2-tailed) Mean Difference 

Std. Error 

Difference 

95% Confidence 

Interval of the 

Difference 

Lower 

Caro Equal variances assumed .540 .86281 1.28913 -2.71639 

Equal variances not 

assumed 
.552 .86281 1.28913 -3.28703 

Independent Samples Test 

 

t-test for Equality of Means 

95% Confidence Interval of the 

Difference 

Upper 

Caro Equal variances assumed 4.44200 

Equal variances not assumed 5.01264 
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Lutein content 

 

T-TEST GROUPS=Group(1 2) 

  /MISSING=ANALYSIS 

  /VARIABLES=Lutien 

  /CRITERIA=CI(.95). 

T-Test 

Group Statistics 

 Group N Mean Std. Deviation Std. Error Mean 

Lutien 1.00 3 1.5851 .62170 .35894 

2.00 3 1.1185 .70748 .40847 

Independent Samples Test 

 

Levene's Test for Equality of 

Variances 

t-test for Equality of 

Means 

F Sig. t df 

Lutien Equal variances assumed .090 .779 .858 4 

Equal variances not 

assumed 
  .858 3.935 

 

Independent Samples Test 

 

t-test for Equality of Means 

Sig. (2-tailed) Mean Difference 

Std. Error 

Difference 

95% 

Confidence 

Interval of the 

Difference 

Lower 

Lutien Equal variances assumed .439 .46661 .54377 -1.04312 

Equal variances not 

assumed 
.440 .46661 .54377 -1.05301 

 

Independent Samples Test 

 

t-test for Equality of Means 

95% Confidence Interval of the 

Difference 

Upper 

Lutien Equal variances assumed 1.97635 

Equal variances not assumed 1.98624 
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G2. Statistical analysis in “Utilization of carbon dioxide from aquaculture for 

microalgal cultivation” 

Carbon dioxide concentration 

 

T-TEST GROUPS=group(1 2) 

  /MISSING=ANALYSIS 

  /VARIABLES=co2 

  /CRITERIA=CI(.95). 

T-Test 

Group Statistics 

 group N Mean Std. Deviation Std. Error Mean 

co2 1.00 372 566.3730 13.94107 .72281 

2.00 372 935.0075 93.43166 4.84421 

Independent Samples Test 

 

Levene's Test for Equality of Variances t-test for Equality of Means 

F Sig. t df 

co2 Equal variances assumed 634.344 .000 -75.265 742 

Equal variances not assumed   -75.265 387.512 

Independent Samples Test 

 

t-test for Equality of Means 

Sig. (2-tailed) Mean Difference 

Std. Error 

Difference 

95% Confidence 

Interval of the 

Difference 

Lower 

co2 Equal variances assumed .000 -368.63449 4.89784 -378.24975 

Equal variances not assumed .000 -368.63449 4.89784 -378.26415 

 

independent Samples Test 

 

t-test for Equality of Means 

95% Confidence Interval of the 

Difference 

Upper 

co2 Equal variances assumed -359.01922 

Equal variances not assumed -359.00483 
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Specific growth rate 

ONEWAY SGR BY Group 

  /MISSING ANALYSIS 

  /POSTHOC=TUKEY ALPHA(0.05). 

Oneway 

ANOVA 

SGR   

 Sum of Squares df Mean Square F Sig. 

Between Groups .048 3 .016 2.230 .162 

Within Groups .058 8 .007   

Total .106 11    

Post Hoc Tests 

Multiple Comparisons 

Dependent Variable:   SGR   

Tukey HSD   

(I) Group (J) Group Mean Difference (I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

.00 1.00 -.05333 .06944 .867 -.2757 .1690 

2.00 .12000 .06944 .371 -.1024 .3424 

3.00 .00000 .06944 1.000 -.2224 .2224 

1.00 .00 .05333 .06944 .867 -.1690 .2757 

2.00 .17333 .06944 .135 -.0490 .3957 

3.00 .05333 .06944 .867 -.1690 .2757 

2.00 .00 -.12000 .06944 .371 -.3424 .1024 

1.00 -.17333 .06944 .135 -.3957 .0490 

3.00 -.12000 .06944 .371 -.3424 .1024 

3.00 .00 .00000 .06944 1.000 -.2224 .2224 

1.00 -.05333 .06944 .867 -.2757 .1690 

2.00 .12000 .06944 .371 -.1024 .3424 

Homogeneous Subsets 

SGR 

Tukey HSDa   

Group N 

Subset for alpha = 

0.05 

1 

2.00 3 .5200 

.00 
3 .6400 

Means for groups in homogeneous subsets are 

displayed. 

3.00 3 .6400 a. Uses Harmonic Mean Sample Size = 3.000. 

1.00 3 .6933 

Sig.  .135 
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Maximum cell number density 

ONEWAY Maxcell BY Group 

  /MISSING ANALYSIS 

  /POSTHOC=TUKEY ALPHA(0.05). 

Oneway 

ANOVA 

Maxcell   

 Sum of Squares df Mean Square F Sig. 

Between Groups 1059814.363 3 353271.454 5.501 .024 

Within Groups 513764.313 8 64220.539   

Total 1573578.677 11    

Post Hoc Tests 

Multiple Comparisons 

Dependent Variable:   Maxcell   

Tukey HSD   

(I) Group (J) Group Mean Difference (I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

.00 1.00 -418.03333 206.91470 .257 -1080.6470 244.5804 

2.00 369.00000 206.91470 .347 -293.6137 1031.6137 

3.00 -256.23333 206.91470 .622 -918.8470 406.3804 

1.00 .00 418.03333 206.91470 .257 -244.5804 1080.6470 

2.00 787.03333* 206.91470 .022 124.4196 1449.6470 

3.00 161.80000 206.91470 .861 -500.8137 824.4137 

2.00 .00 -369.00000 206.91470 .347 -1031.6137 293.6137 

1.00 -787.03333* 206.91470 .022 -1449.6470 -124.4196 

3.00 -625.23333 206.91470 .065 -1287.8470 37.3804 

3.00 .00 256.23333 206.91470 .622 -406.3804 918.8470 

1.00 -161.80000 206.91470 .861 -824.4137 500.8137 

2.00 625.23333 206.91470 .065 -37.3804 1287.8470 

 

*. The mean difference is significant at the 0.05 level. 

Homogeneous Subsets 

Maxcell 

Tukey HSDa   

Group N 

Subset for alpha = 0.05 

1 2 

2.00 3 414.3667  

.00 3 783.3667 783.3667 

3.00 3 1039.6000 1039.6000 

1.00 3  1201.4000 

Sig.  .065 .257 

 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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Biomass productivity 

ONEWAY Product BY Group 

  /MISSING ANALYSIS 

  /POSTHOC=TUKEY ALPHA(0.05). 

Oneway 

ANOVA 

Product   

 Sum of Squares df Mean Square F Sig. 

Between Groups 2343.048 3 781.016 2.128 .175 

Within Groups 2936.000 8 367.000   

Total 5279.048 11    

Post Hoc Tests 

Multiple Comparisons 

Dependent Variable:   Product   

Tukey HSD   

(I) Group (J) Group Mean Difference (I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

.00 1.00 -19.76000 15.64183 .608 -69.8506 30.3306 

2.00 14.24333 15.64183 .800 -35.8473 64.3340 

3.00 -18.08000 15.64183 .668 -68.1706 32.0106 

1.00 .00 19.76000 15.64183 .608 -30.3306 69.8506 

2.00 34.00333 15.64183 .210 -16.0873 84.0940 

3.00 1.68000 15.64183 1.000 -48.4106 51.7706 

2.00 .00 -14.24333 15.64183 .800 -64.3340 35.8473 

1.00 -34.00333 15.64183 .210 -84.0940 16.0873 

3.00 -32.32333 15.64183 .242 -82.4140 17.7673 

3.00 .00 18.08000 15.64183 .668 -32.0106 68.1706 

1.00 -1.68000 15.64183 1.000 -51.7706 48.4106 

2.00 32.32333 15.64183 .242 -17.7673 82.4140 

 

Homogeneous Subsets 

Product 

Tukey HSDa   

Group N 

Subset for alpha = 

0.05 

1 

2.00 3 75.9200 

.00 3 90.1633 

3.00 3 108.2433 

1.00 3 109.9233 

Sig.  .210 

 

Means for groups in homogeneous subsets are 

displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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Maximum biomass 

ONEWAY Maxbiomass BY Group 

  /MISSING ANALYSIS 

  /POSTHOC=TUKEY ALPHA(0.05). 

Oneway 

ANOVA 

Maxbiomass   

 Sum of Squares df Mean Square F Sig. 

Between Groups 152153.794 3 50717.931 2.359 .148 

Within Groups 172019.426 8 21502.428   

Total 324173.220 11    

Post Hoc Tests 

Multiple Comparisons 

Dependent Variable:   Maxbiomass   

Tukey HSD   

(I) Group (J) Group Mean Difference (I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

.00 1.00 -165.55667 119.72866 .542 -548.9700 217.8566 

2.00 119.99667 119.72866 .753 -263.4166 503.4100 

3.00 -128.33333 119.72866 .715 -511.7466 255.0800 

1.00 .00 165.55667 119.72866 .542 -217.8566 548.9700 

2.00 285.55333 119.72866 .158 -97.8600 668.9666 

3.00 37.22333 119.72866 .989 -346.1900 420.6366 

2.00 .00 -119.99667 119.72866 .753 -503.4100 263.4166 

1.00 -285.55333 119.72866 .158 -668.9666 97.8600 

3.00 -248.33000 119.72866 .240 -631.7433 135.0833 

3.00 .00 128.33333 119.72866 .715 -255.0800 511.7466 

1.00 -37.22333 119.72866 .989 -420.6366 346.1900 

2.00 248.33000 119.72866 .240 -135.0833 631.7433 

Homogeneous Subsets 

Maxbiomass 

Tukey HSDa   

Group N 

Subset for alpha = 

0.05 

1 

2.00 3 630.0033 

.00 3 750.0000 

3.00 3 878.3333 

1.00 3 915.5567 

Sig.  .158 

 

Means for groups in homogeneous subsets are 

displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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Chlorophyll content 

ONEWAY chlo_a BY Group 

  /MISSING ANALYSIS 

  /POSTHOC=TUKEY ALPHA(0.05). 

Oneway 

ANOVA 

chlo_a   

 Sum of Squares df Mean Square F Sig. 

Between Groups 25.082 3 8.361 1.485 .291 

Within Groups 45.051 8 5.631   

Total 70.133 11    

Post Hoc Tests 

Multiple Comparisons 

Dependent Variable:   chlo_a   

Tukey HSD   

(I) Group (J) Group Mean Difference (I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

.00 1.00 .68391 1.93758 .984 -5.5209 6.8887 

2.00 -1.79377 1.93758 .792 -7.9986 4.4110 

3.00 -2.97405 1.93758 .462 -9.1789 3.2308 

1.00 .00 -.68391 1.93758 .984 -6.8887 5.5209 

2.00 -2.47768 1.93758 .600 -8.6825 3.7271 

3.00 -3.65796 1.93758 .305 -9.8628 2.5469 

2.00 .00 1.79377 1.93758 .792 -4.4110 7.9986 

1.00 2.47768 1.93758 .600 -3.7271 8.6825 

3.00 -1.18028 1.93758 .926 -7.3851 5.0245 

3.00 .00 2.97405 1.93758 .462 -3.2308 9.1789 

1.00 3.65796 1.93758 .305 -2.5469 9.8628 

2.00 1.18028 1.93758 .926 -5.0245 7.3851 

 

Homogeneous Subsets 

chlo_a 

Tukey HSDa   

Group N 

Subset for alpha = 

0.05 

1 

1.00 3 3.5696 

.00 3 4.2535 

2.00 3 6.0473 

3.00 3 7.2276 

Sig.  .305 

 

Means for groups in homogeneous subsets are 

displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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Total carotenoid content 

ONEWAY caro BY Group 

  /MISSING ANALYSIS 

  /POSTHOC=TUKEY ALPHA(0.05). 

Oneway 

ANOVA 

caro   

 Sum of Squares df Mean Square F Sig. 

Between Groups 1.007 3 .336 1.798 .225 

Within Groups 1.493 8 .187   

Total 2.500 11    

Post Hoc Tests 

Multiple Comparisons 

Dependent Variable:   caro   

Tukey HSD   

(I) Group (J) Group Mean Difference (I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

.00 1.00 .00839 .35274 1.000 -1.1212 1.1380 

2.00 .17021 .35274 .961 -.9594 1.2998 

3.00 -.59081 .35274 .394 -1.7204 .5388 

1.00 .00 -.00839 .35274 1.000 -1.1380 1.1212 

2.00 .16182 .35274 .966 -.9678 1.2914 

3.00 -.59920 .35274 .384 -1.7288 .5304 

2.00 .00 -.17021 .35274 .961 -1.2998 .9594 

1.00 -.16182 .35274 .966 -1.2914 .9678 

3.00 -.76102 .35274 .215 -1.8906 .3686 

3.00 .00 .59081 .35274 .394 -.5388 1.7204 

1.00 .59920 .35274 .384 -.5304 1.7288 

2.00 .76102 .35274 .215 -.3686 1.8906 

 

Homogeneous Subsets 

caro 

Tukey HSDa   

Group N 

Subset for alpha = 

0.05 

1 

2.00 3 1.4057 

1.00 3 1.5675 

.00 3 1.5759 

3.00 3 2.1667 

Sig.  .215 

 

Means for groups in homogeneous subsets are 

displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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Lutein content 

ONEWAY lutein BY Group 

  /MISSING ANALYSIS 

  /POSTHOC=TUKEY ALPHA(0.05). 

Oneway 

ANOVA 

lutein   

 Sum of Squares df Mean Square F Sig. 

Between Groups .156 3 .052 3.138 .087 

Within Groups .133 8 .017   

Total .289 11    

Post Hoc Tests 

Multiple Comparisons 

Dependent Variable:   lutein   

Tukey HSD   

(I) Group (J) Group Mean Difference (I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

.00 1.00 .15000 .10525 .519 -.1871 .4871 

2.00 .14333 .10525 .554 -.1937 .4804 

3.00 -.12667 .10525 .642 -.4637 .2104 

1.00 .00 -.15000 .10525 .519 -.4871 .1871 

2.00 -.00667 .10525 1.000 -.3437 .3304 

3.00 -.27667 .10525 .112 -.6137 .0604 

2.00 .00 -.14333 .10525 .554 -.4804 .1937 

1.00 .00667 .10525 1.000 -.3304 .3437 

3.00 -.27000 .10525 .123 -.6071 .0671 

3.00 .00 .12667 .10525 .642 -.2104 .4637 

1.00 .27667 .10525 .112 -.0604 .6137 

2.00 .27000 .10525 .123 -.0671 .6071 

Homogeneous Subsets 

lutein 

Tukey HSDa   

Group N 

Subset for alpha = 

0.05 

1 

1.00 3 .6633 

2.00 3 .6700 

.00 3 .8133 

3.00 3 .9400 

Sig.  .112 

 

Means for groups in homogeneous subsets are 

displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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G3. Statistical analysis in “Effect of fish density on carbon dioxide production 

and utilization of carbon dioxide and nitrate from recirculating aquaculture 

system by microalgae” 

 

Carbon dioxide concentration of fish tank and solid separating inlet air 

 

ONEWAY CO22 BY G2 

  /MISSING ANALYSIS 

  /POSTHOC=TUKEY ALPHA(0.05). 

 

Oneway 

ANOVA 

CO22   

 Sum of Squares df Mean Square F Sig. 

Between Groups 7416.780 2 3708.390 3.288 .057 

Within Groups 23681.775 21 1127.704   

Total 31098.556 23    
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Carbon dioxide concentration of fish tank outlet air 

 

ONEWAY outletFU BY group 

  /MISSING ANALYSIS 

  /POSTHOC=TUKEY ALPHA(0.05). 

Oneway 

ANOVA 

outletFU   

 Sum of Squares df Mean Square F Sig. 

Between Groups 58355227.276 2 29177613.638 431.212 .000 

Within Groups 37621261.563 556 67664.140   

Total 95976488.839 558    

 

Post Hoc Tests 

Multiple Comparisons 

Dependent Variable:   outletFU   

Tukey HSD   

(I) group (J) group Mean Difference (I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

3.00 5.00 -107.66205* 26.93822 .000 -170.9670 -44.3571 

10.00 -732.71961* 26.90170 .000 -795.9387 -669.5005 

5.00 3.00 107.66205* 26.93822 .000 44.3571 170.9670 

10.00 -625.05756* 27.00996 .000 -688.5311 -561.5840 

10.00 3.00 732.71961* 26.90170 .000 669.5005 795.9387 

5.00 625.05756* 27.00996 .000 561.5840 688.5311 

*. The mean difference is significant at the 0.05 level. 

 

Homogeneous Subsets 

outletFU 

Tukey HSDa,b   

group N 

Subset for alpha = 0.05 

1 2 3 

3.00 188 880.7997   

5.00 185  988.4617  

10.00 186   1613.5193 

Sig.  1.000 1.000 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 186.325. 

b. The group sizes are unequal. The harmonic mean of the group sizes is used. 

Type I error levels are not guaranteed. 
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Carbon dioxide concentration of Solid separating outlet air 

 

ONEWAY CO2SU BY G2 

  /MISSING ANALYSIS 

  /POSTHOC=TUKEY ALPHA(0.05). 

Oneway 

ANOVA 

CO2SU   

 Sum of Squares df Mean Square F Sig. 

Between Groups 157604.122 2 78802.061 19.844 .000 

Within Groups 83392.820 21 3971.087   

Total 240996.941 23    

 

Post Hoc Tests 

Multiple Comparisons 

Dependent Variable:   CO2SU   

Tukey HSD   

(I) G2 (J) G2 Mean Difference (I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

3.00 5.00 -101.48500* 31.50828 .011 -180.9038 -22.0662 

10.00 -198.48000* 31.50828 .000 -277.8988 -119.0612 

5.00 3.00 101.48500* 31.50828 .011 22.0662 180.9038 

10.00 -96.99500* 31.50828 .015 -176.4138 -17.5762 

10.00 3.00 198.48000* 31.50828 .000 119.0612 277.8988 

5.00 96.99500* 31.50828 .015 17.5762 176.4138 

 

*. The mean difference is significant at the 0.05 level. 

 

Homogeneous Subsets 

CO2SU 

Tukey HSDa   

G2 N 

Subset for alpha = 0.05 

1 2 3 

3.00 8 710.0988   

5.00 8  811.5838  

10.00 8   908.5788 

Sig.  1.000 1.000 1.000 

 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 8.000. 
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Rate of CO2 production from fish tank 

 

ONEWAY rCO2 BY group 

  /MISSING ANALYSIS 

  /POSTHOC=TUKEY ALPHA(0.05). 

 

Oneway 

 

ANOVA 

rCO2   

 Sum of Squares df Mean Square F Sig. 

Between Groups 9368.243 2 4684.122 .360 .702 

Within Groups 272891.239 21 12994.821   

Total 282259.482 23    
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Specific growth rate of S. armatus at fish density 3 kg/m3 

 

T-TEST GROUPS=Group(0 1) 

  /MISSING=ANALYSIS 

  /VARIABLES=SGR 

  /CRITERIA=CI(.95). 

 

T-Test 

Group Statistics 

 Group N Mean Std. Deviation Std. Error Mean 

SGR .00 3 1.1400 .16371 .09452 

1.00 3 .8900 .13077 .07550 

 

Independent Samples Test 

 

Levene's Test for Equality of Variances t-test for Equality of Means 

F Sig. t df 

SGR Equal variances assumed .164 .706 2.067 4 

Equal variances not assumed   2.067 3.814 

 

Independent Samples Test 

 

t-test for Equality of Means 

Sig. (2-tailed) Mean Difference 

Std. Error 

Difference 

95% Confidence 

Interval of the 

Difference 

Lower 

SGR Equal variances assumed .108 .25000 .12097 -.08586 

Equal variances not assumed .111 .25000 .12097 -.09243 

 

Independent Samples Test 

 

t-test for Equality of Means 

95% Confidence Interval of the 

Difference 

Upper 

SGR Equal variances assumed .58586 

Equal variances not assumed .59243 
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Specific growth rate of S. armatus at fish density 5 kg/m3 

 

T-TEST GROUPS=Group(0 1) 

  /MISSING=ANALYSIS 

  /VARIABLES=SGR 

  /CRITERIA=CI(.95). 

T-Test 

 

Group Statistics 

 Group N Mean Std. Deviation Std. Error Mean 

SGR .00 3 1.3600 .07000 .04041 

1.00 3 1.3333 .13650 .07881 

 

 

Independent Samples Test 

 

Levene's Test for Equality of Variances t-test for Equality of Means 

F Sig. t df 

SGR Equal variances assumed 1.203 .334 .301 4 

Equal variances not assumed   .301 2.984 

 

Independent Samples Test 

 

t-test for Equality of Means 

Sig. (2-tailed) Mean Difference 

Std. Error 

Difference 

95% Confidence 

Interval of the 

Difference 

Lower 

SGR Equal variances assumed .778 .02667 .08857 -.21924 

Equal variances not assumed .783 .02667 .08857 -.25606 

 

Independent Samples Test 

 

t-test for Equality of Means 

95% Confidence Interval of the 

Difference 

Upper 

SGR Equal variances assumed .27257 

Equal variances not assumed .30940 
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Specific growth rate of S. armatus at fish density 10 kg/m3 

 

T-TEST GROUPS=Group(0 1) 

  /MISSING=ANALYSIS 

  /VARIABLES=SGR 

  /CRITERIA=CI(.95). 

 

T-Test 

Group Statistics 

 Group N Mean Std. Deviation Std. Error Mean 

SGR .00 3 1.6600 .14107 .08145 

1.00 3 1.8300 .12166 .07024 

 

Independent Samples Test 

 

Levene's Test for Equality of Variances t-test for Equality of Means 

F Sig. t df 

SGR Equal variances assumed .020 .894 -1.581 4 

Equal variances not assumed   -1.581 3.915 

 

Independent Samples Test 

 

t-test for Equality of Means 

Sig. (2-tailed) Mean Difference 

Std. Error 

Difference 

95% Confidence 

Interval of the 

Difference 

Lower 

SGR Equal variances assumed .189 -.17000 .10755 -.46860 

Equal variances not assumed .191 -.17000 .10755 -.47116 

 

Independent Samples Test 

 

t-test for Equality of Means 

95% Confidence Interval of the 

Difference 

Upper 

SGR Equal variances assumed .12860 

Equal variances not assumed .13116 
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Maximum cell number density of S. armatus at fish density 3 kg/m3 

 

T-TEST GROUPS=Group(0 1) 

  /MISSING=ANALYSIS 

  /VARIABLES=Maxcell 

  /CRITERIA=CI(.95). 

 

T-Test 

Group Statistics 

 Group N Mean Std. Deviation Std. Error Mean 

Maxcell .00 3 231.9467 34.70561 20.03730 

1.00 3 235.5533 102.24617 59.03185 

 

Independent Samples Test 

 

Levene's Test for Equality of Variances 

t-test for Equality of 

Means 

F Sig. t df 

Maxcell Equal variances assumed 4.355 .105 -.058 4 

Equal variances not assumed   -.058 2.455 

 

Independent Samples Test 

 

t-test for Equality of Means 

Sig. (2-tailed) Mean Difference Std. Error Difference 

Maxcell Equal variances assumed .957 -3.60667 62.33982 

Equal variances not assumed .958 -3.60667 62.33982 

 

Independent Samples Test 

 

t-test for Equality of Means 

95% Confidence Interval of the Difference 

Lower Upper 

Maxcell Equal variances assumed -176.68975 169.47642 

Equal variances not assumed -229.41202 222.19869 
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Maximum cell number density of S. armatus at fish density 5 kg/m3 

 

T-TEST GROUPS=Group(0 1) 

  /MISSING=ANALYSIS 

  /VARIABLES=Maxcell 

  /CRITERIA=CI(.95). 

T-Test 

 

Group Statistics 

 Group N Mean Std. Deviation Std. Error Mean 

Maxcell .00 3 371.7600 114.69909 66.22155 

1.00 3 441.6667 115.22905 66.52752 

 

Independent Samples Test 

 

Levene's Test for Equality of Variances 

t-test for Equality of 

Means 

F Sig. t df 

Maxcell Equal variances assumed .000 .993 -.745 4 

Equal variances not assumed   -.745 4.000 

 

 

Independent Samples Test 

 

t-test for Equality of Means 

Sig. (2-tailed) Mean Difference Std. Error Difference 

Maxcell Equal variances assumed .498 -69.90667 93.86802 

Equal variances not assumed .498 -69.90667 93.86802 

 

Independent Samples Test 

 

t-test for Equality of Means 

95% Confidence Interval of the Difference 

Lower Upper 

Maxcell Equal variances assumed -330.52607 190.71273 

Equal variances not assumed -330.52825 190.71492 
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Maximum cell number density of S. armatus at fish density 10 kg/m3 

T-TEST GROUPS=Group(0 1) 

  /MISSING=ANALYSIS 

  /VARIABLES=Maxcell 

  /CRITERIA=CI(.95). 

T-Test 

Group Statistics 

 Group N Mean Std. Deviation Std. Error Mean 

Maxcell .00 3 272.2233 47.46281 27.40267 

1.00 3 506.9433 81.50080 47.05451 

Independent Samples Test 

 

Levene's Test for Equality of 

Variances 

t-test for Equality of 

Means 

F Sig. t df 

Maxcell Equal variances assumed 1.550 .281 -4.311 4 

Equal variances not 

assumed 
  -4.311 3.217 

Independent Samples Test 

 

t-test for Equality of Means 

Sig. (2-tailed) Mean Difference 

Std. Error 

Difference 

Maxcell Equal variances assumed .013 -234.72000 54.45211 

Equal variances not assumed .020 -234.72000 54.45211 

 

Independent Samples Test 

 

t-test for Equality of Means 

95% Confidence Interval of the Difference 

Lower Upper 

Maxcell Equal variances assumed -385.90331 -83.53669 

Equal variances not assumed -401.59190 -67.84810 
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Maximum biomass of S. armatus at fish density 3 kg/m3 

 

T-TEST GROUPS=Group(0 1) 

  /MISSING=ANALYSIS 

  /VARIABLES=Maxbiomass 

  /CRITERIA=CI(.95). 

T-Test 

Group Statistics 

 Group N Mean Std. Deviation Std. Error Mean 

Maxbiomass .00 3 219.2567 27.60812 15.93955 

1.00 3 237.7800 13.35726 7.71182 

Independent Samples Test 

 

Levene's Test for Equality of 

Variances 

t-test for Equality of 

Means 

F Sig. t df 

Maxbiomass Equal variances assumed 3.165 .150 -1.046 4 

Equal variances not 

assumed 
  -1.046 2.888 

Independent Samples Test 

 

t-test for Equality of Means 

Sig. (2-tailed) Mean Difference 

Std. Error 

Difference 

Maxbiomass Equal variances assumed .355 -18.52333 17.70710 

Equal variances not assumed .375 -18.52333 17.70710 

 

Independent Samples Test 

 

t-test for Equality of Means 

95% Confidence Interval of the Difference 

Lower Upper 

Maxbiomass Equal variances assumed -67.68613 30.63947 

Equal variances not assumed -76.13582 39.08915 
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Maximum biomass of S. armatus at fish density 5 kg/m3 

 

T-TEST GROUPS=Group(0 1) 

  /MISSING=ANALYSIS 

  /VARIABLES=Maxbiomass 

  /CRITERIA=CI(.95). 

 

T-Test 

Group Statistics 

 Group N Mean Std. Deviation Std. Error Mean 

Maxbiomass .00 3 349.4467 41.70947 24.08097 

1.00 3 353.8900 83.68630 48.31631 

 

Independent Samples Test 

 

Levene's Test for Equality of 

Variances 

t-test for Equality of 

Means 

F Sig. t df 

Maxbiomass Equal variances assumed 1.759 .255 -.082 4 

Equal variances not 

assumed 
  -.082 2.936 

 

Independent Samples Test 

 

t-test for Equality of Means 

Sig. (2-tailed) Mean Difference 

Std. Error 

Difference 

Maxbiomass Equal variances assumed .938 -4.44333 53.98480 

Equal variances not assumed .940 -4.44333 53.98480 

 

Independent Samples Test 

 

t-test for Equality of Means 

95% Confidence Interval of the Difference 

Lower Upper 

Maxbiomass Equal variances assumed -154.32917 145.44250 

Equal variances not assumed -178.38966 169.50299 
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Maximum biomass of S. armatus at fish density 10 kg/m3 

 

T-TEST GROUPS=Group(0 1) 

  /MISSING=ANALYSIS 

  /VARIABLES=Maxbiomass 

  /CRITERIA=CI(.95). 

 

T-Test 

Group Statistics 

 Group N Mean Std. Deviation Std. Error Mean 

Maxbiomass .00 3 234.0733 54.62974 31.54049 

1.00 3 409.6300 22.25694 12.85005 

 

Independent Samples Test 

 

Levene's Test for Equality of 

Variances 

t-test for Equality of 

Means 

F Sig. t df 

Maxbiomass Equal variances assumed 4.396 .104 -5.155 4 

Equal variances not 

assumed 
  -5.155 2.646 

 

Independent Samples Test 

 

t-test for Equality of Means 

Sig. (2-tailed) Mean Difference 

Std. Error 

Difference 

Maxbiomass Equal variances assumed .007 -175.55667 34.05769 

Equal variances not assumed .019 -175.55667 34.05769 

 

Independent Samples Test 

 

t-test for Equality of Means 

95% Confidence Interval of the Difference 

Lower Upper 

Maxbiomass Equal variances assumed -270.11598 -80.99735 

Equal variances not assumed -292.62279 -58.49055 
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Productivity of S. armatus at fish density 3 kg/m3 

 

T-TEST GROUPS=Group(0 1) 

  /MISSING=ANALYSIS 

  /VARIABLES=Product 

  /CRITERIA=CI(.95). 

T-Test 

Group Statistics 

 Group N Mean Std. Deviation Std. Error Mean 

Product .00 3 38.9233 9.22162 5.32410 

1.00 3 43.8900 7.89270 4.55685 

 

Independent Samples Test 

 

Levene's Test for Equality of 

Variances 

t-test for Equality of 

Means 

F Sig. t df 

Product Equal variances assumed .144 .723 -.709 4 

Equal variances not 

assumed 
  -.709 3.907 

 

Independent Samples Test 

 

t-test for Equality of Means 

Sig. (2-tailed) Mean Difference 

Std. Error 

Difference 

Product Equal variances assumed .518 -4.96667 7.00792 

Equal variances not assumed .518 -4.96667 7.00792 

 

Independent Samples Test 

 

t-test for Equality of Means 

95% Confidence Interval of the Difference 

Lower Upper 

Product Equal variances assumed -24.42378 14.49045 

Equal variances not assumed -24.60801 14.67467 
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Productivity of S. armatus at fish density 5 kg/m3 

 

T-TEST GROUPS=Group(0 1) 

  /MISSING=ANALYSIS 

  /VARIABLES=Product 

  /CRITERIA=CI(.95). 

T-Test 

Group Statistics 

 Group N Mean Std. Deviation Std. Error Mean 

Product .00 3 41.2833 7.26133 4.19233 

1.00 3 40.6833 11.50168 6.64050 

 

Independent Samples Test 

 

Levene's Test for Equality of 

Variances 

t-test for Equality of 

Means 

F Sig. t df 

Product Equal variances assumed 1.256 .325 .076 4 

Equal variances not 

assumed 
  .076 3.376 

 

Independent Samples Test 

 

t-test for Equality of Means 

Sig. (2-tailed) Mean Difference 

Std. Error 

Difference 

Product Equal variances assumed .943 .60000 7.85314 

Equal variances not assumed .943 .60000 7.85314 

 

Independent Samples Test 

 

t-test for Equality of Means 

95% Confidence Interval of the Difference 

Lower Upper 

Product Equal variances assumed -21.20382 22.40382 

Equal variances not assumed -22.88985 24.08985 
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Productivity of S. armatus at fish density 10 kg/m3 

 

T-TEST GROUPS=Group(0 1) 

  /MISSING=ANALYSIS 

  /VARIABLES=Product 

  /CRITERIA=CI(.95). 

T-Test 

Group Statistics 

 Group N Mean Std. Deviation Std. Error Mean 

Product .00 3 46.3933 16.70219 9.64302 

1.00 3 95.4000 7.91260 4.56834 

 

Independent Samples Test 

 

Levene's Test for Equality of 

Variances 

t-test for Equality of 

Means 

F Sig. t df 

Product Equal variances assumed 2.095 .221 -4.593 4 

Equal variances not 

assumed 
  -4.593 2.855 

 

Independent Samples Test 

 

t-test for Equality of Means 

Sig. (2-tailed) Mean Difference 

Std. Error 

Difference 

Product Equal variances assumed .010 -49.00667 10.67040 

Equal variances not assumed .022 -49.00667 10.67040 

 

Independent Samples Test 

 

t-test for Equality of Means 

95% Confidence Interval of the Difference 

Lower Upper 

Product Equal variances assumed -78.63245 -19.38088 

Equal variances not assumed -83.96378 -14.04956 
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Amount of removed nitrate in S. armatus at fish density 3 kg/m3 

 

T-TEST GROUPS=Group(0 1) 

  /MISSING=ANALYSIS 

  /VARIABLES=RemoveNO3 

  /CRITERIA=CI(.95). 

T-Test 

Group Statistics 

 Group N Mean Std. Deviation Std. Error Mean 

RemoveNO3 .00 3 13.4267 4.83026 2.78875 

1.00 3 19.0167 3.18500 1.83886 

 

 

Independent Samples Test 

 

Levene's Test for Equality of 

Variances 

t-test for Equality of 

Means 

F Sig. t df 

RemoveNO3 Equal variances assumed .702 .449 -1.673 4 

Equal variances not 

assumed 
  -1.673 3.463 

 

Independent Samples Test 

 

t-test for Equality of Means 

Sig. (2-tailed) Mean Difference 

Std. Error 

Difference 

RemoveNO3 Equal variances assumed .170 -5.59000 3.34044 

Equal variances not assumed .181 -5.59000 3.34044 

 

Independent Samples Test 

 

t-test for Equality of Means 

95% Confidence Interval of the Difference 

Lower Upper 

RemoveNO3 Equal variances assumed -14.86456 3.68456 

Equal variances not assumed -15.46070 4.28070 
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Amount of removed nitrate in S. armatus at fish density 5 kg/m3 

 

T-TEST GROUPS=Group(0 1) 

  /MISSING=ANALYSIS 

  /VARIABLES=RemoveNO3 

  /CRITERIA=CI(.95). 

 

T-Test 

Group Statistics 

 Group N Mean Std. Deviation Std. Error Mean 

RemoveNO3 .00 3 30.0933 .93039 .53716 

1.00 3 28.0233 2.34413 1.35338 

Independent Samples Test 

 

Levene's Test for Equality of 

Variances 

t-test for Equality of 

Means 

F Sig. t df 

RemoveNO3 Equal variances assumed 5.020 .089 1.422 4 

Equal variances not 

assumed 
  1.422 2.615 

 

Independent Samples Test 

 

t-test for Equality of Means 

Sig. (2-tailed) Mean Difference 

Std. Error 

Difference 

RemoveNO3 Equal variances assumed .228 2.07000 1.45609 

Equal variances not assumed .263 2.07000 1.45609 

 

Independent Samples Test 

 

t-test for Equality of Means 

95% Confidence Interval of the Difference 

Lower Upper 

RemoveNO3 Equal variances assumed -1.97275 6.11275 

Equal variances not assumed -2.97500 7.11500 
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Amount of removed nitrate in S. armatus at fish density 10 kg/m3 

 

T-TEST GROUPS=Group(0 1) 

  /MISSING=ANALYSIS 

  /VARIABLES=RemoveNO3 

  /CRITERIA=CI(.95). 

 

T-Test 

Group Statistics 

 Group N Mean Std. Deviation Std. Error Mean 

RemoveNO3 .00 3 17.3033 7.48086 4.31908 

1.00 3 34.4400 1.82748 1.05510 

 

Independent Samples Test 

 

Levene's Test for Equality of 

Variances 

t-test for Equality of 

Means 

F Sig. t df 

RemoveNO3 Equal variances assumed 8.426 .044 -3.854 4 

Equal variances not 

assumed 
  -3.854 2.238 

 

Independent Samples Test 

 

t-test for Equality of Means 

Sig. (2-tailed) Mean Difference 

Std. Error 

Difference 

RemoveNO3 Equal variances assumed .018 -17.13667 4.44609 

Equal variances not assumed .051 -17.13667 4.44609 

 

Independent Samples Test 

 

t-test for Equality of Means 

95% Confidence Interval of the Difference 

Lower Upper 

RemoveNO3 Equal variances assumed -29.48098 -4.79235 

Equal variances not assumed -34.44436 .17102 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

VITA 
 

VITA 
 

NAME Kittikoon SUCUNTHOWONG 

DATE OF BIRTH 23 Mar 1990 

PLACE OF BIRTH Taksin hospital, Bangkok 

INSTITUTIONS 

ATTENDED 

2005-2007 Trimit Witthayalai school (High school)  

2008-2011 King Mongkut Institude of Technology 

Ladkrabang (Bachelor of Science) 

HOME ADDRESS 101/52 Prachatipok road, Thonburi district, Bangkok, 

Thailand 
  

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


	ABSTRACT (THAI)
	ABSTRACT (ENGLISH)
	ACKNOWLEDGEMENTS
	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	CHAPTER I INTRODUCTION
	1.1 Background and significance of research
	1.2 Research objectives
	1.3 Hypothesis
	1.4 Scopes
	1.5. Benefits

	CHAPTER II LITERATURE REVIEW
	2.1 Aquaculture
	2.1.1 Opened aquaculture systems
	2.1.2 Closed aquaculture systems
	2.1.3 Semi-closed aquaculture systems

	2.2 Water quality parameter in aquaculture
	2.2.1 Dissolved oxygen (DO)
	2.2.2 Temperature
	2.2.3 Inorganic nitrogen compounds
	2.2.4 pH (Acid-base of water)
	2.2.5 Alkalinity

	2.3 Biological process for nitrogenous waste treatment
	2.3.1 Ammonia assimilation
	2.3.2 Nitrification
	2.3.3 Heterotrophic denitrification

	2.4 Nile Tilapia
	2.5 Wastes from nitrifying aquaculture system and treatment methods
	2.5.1 Suspended solids
	2.5.2 Nitrogenous wastes
	2.5.3 Carbon dioxide

	2.6 Scenedesmus
	2.7 Factors affecting growth of Scenedesmus sp.
	2.7.1 Nitrogen
	2.7.2 Phosphorus
	2.7.3 Light intensity

	2.8 Related researches
	2.8.1 Inorganic nitrogen control by biofloc technology
	2.8.2 Carbon and nitrogen mass balance in recirculating aquaculture system
	2.8.3 Microalgal cultivation with aquatic wastewater


	CHAPTER III MATERIAL AND METHODS
	3.1 Feasibility of using high nitrate effluent from nitrifying biofilter of commercial aquaculture farm to cultivate microalgae
	3.2 Description of recirculating aquaculture system and microalgal cultivation
	3.2.1 Fish tank (FT)
	3.2.2 Solid separating unit (SU)

	3.3 Carbon dioxide production from fish tank and carbon dioxide utilization for microalgal cultivation
	3.3.1 Carbon dioxide production from fish tank
	3.3.2 Carbon dioxide utilization by microalgae

	3.4 Effects of fish biomass on carbon dioxide production and utilization of carbon dioxide and nitrate from recirculating aquaculture system for microalgal cultivation
	3.5 Carbon and nitrogen mass balance in recirculating aquaculture system calculation
	3.6 Carbon mass balance and nitrogen mass balance in microalgal cultivating system calculation
	3.7 Analytical techniques

	CHAPTER IV RESULTS AND DISCUSSION
	4.1 Feasibility of using high nitrate water from nitrifying biofilter of commercial aquaculture farm to cultivate microalgae
	4.1.1 Effluent qualities
	4.1.2 Growth of Scenedesmus armatus and nutrient utilization
	4.1.3 Pigment content of Scenedesmus armatus

	4.2 Feasibility of using carbon dioxide from recirculating aquaculture system for microalgal cultivation
	4.2.1 Carbon dioxide production from aquaculture tank
	4.2.2 Utilization of carbon dioxide from fish tank to cultivate Scenedesmus armatus
	4.2.3 Pigments content of Scenedesmus armatus
	4.2.4 Water quality in fish cultivation tank

	4.3 Effect of fish biomass on carbon dioxide production and utilization of carbon dioxide and nitrate from recirculating aquaculture system for microalgal cultivation
	4.3.1 Performance of recirculating aquaculture system
	4.3.2 Carbon dioxide production from recirculating aquaculture system

	4.4  Utilization of carbon dioxide and nitrate from recirculating aquaculture system for microalgal cultivation
	4.4.1 Growth of Scenedesmus armatus
	4.4.2 Nutrients utilization during algal cultivation
	4.4.3 Carbon dioxide consumption during algal cultivation

	4.5 Measurement of carbon dioxide concentration by gas chromatography
	4.6 Carbon and nitrogen mass balance in recirculating aquaculture system
	4.7 Carbon and nitrogen mass balance during microalgal cultivation using nitrate and carbon dioxide from recirculating aquaculture system

	CHAPTER V CONCLUSION AND SUGESTION FOR FUTURE WORK
	5.1. Conclusion
	5.2. Suggestion for future works

	REFERENCES
	Appendix
	VITA

