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Abstract 

The present experiment deals with the use of secondary treated sewage by Up flow Anaerobic Sludge 

Blanket (UASB) followed by algal pond for tertiary treatment of secondary treated effluent along with 

aquaculture practices. Water quality is an important parameter which governs fish growth. Water quality 

standards vary significantly due to different environmental conditions, ecosystem and intended human 

uses. This experiment was carried out during February to April months with algal pond water as culture 

medium. The water coming from UASB reactor is directly discharged into algal pond water for tertiary 

treatment along with aquaculture. The growth of tilapia (Oreochromis niloticus) fishes was observed and 

treatment efficiency was measured in terms of organic waste as well as pathogens removal. The results 

obtained from the experiment shows 80.10±2.4% of total nitrogen removal with influent total nitrogen 

concentrations of 20±3 mg/L. Phosphate removal after treatment in algal tank was 90±1%. There was 2-3 

log scale pathogen removal was also observed after treatment in algal tank. The maintenance of good 

water quality is essential for both survival and optimum growth of culture organisms. In conclusion, apart 

from wastewater treatment UASB-Algal-tilapia ponds also offer marketable by-products as fish protein 

including algal biomass, which correspond to cost recovery for sewage treatment. 
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Introduction 

Water scarcity affects all continent and around 2.8 billion people around the world as a 

minimum one month out of every year. More than 1.2 billion people lack, right to use to clean 

drinking water (WHO, 2005). As per CPCB reports, in India generate around 38,254 MLD 

(Million Litres per Day) of sewage of which only 11,787 (31%) is treated and balance is 

discharged untreated. The key regarding sewage collection, treatment and disposal at the 

national as well as state level is inadequate provision of sewage treatment facilities which is 

one of the main causes of water-bodies pollution in country. The rate of municipal waste 

generation in India in 2011 was 127458.1 T/day. This was divided by the then urban 

population to get the per capita waste generation rate of 0.356 kg/day. The amount of waste 

generated per capita is estimated to increase at the rate of 1-1.33% annually (Pappu et al. 

2007) [25]. The global biochemical cycles had largely affected by human activities. In the 

course of agricultural practices, urbanization, industrialization and other alterations, humans 

had increased the use of nutrients into biochemical cycles, mainly nitrogen and phosphorus. 

An increase in algae and aquatic plants, loss of component species, and loss of ecosystem 

function are caused due to eutrophication (nutrient enrichment) of aquatic ecosystems. So 

many studies have focused on nitrogen and phosphorus removal regarding these reasons. Most 

of these studies are based on biological processes and different combinations anaerobic, 

aerobic and anoxic zones. The treatment of sewage by using a series combination of a UASB 

(Up flow Anaerobic Sludge Blanket) reactor and waste stabilization tank is a low cost solution 

and could satisfy the discharge standards with regards to physiochemical and biological 

parameters. The success of the UASB concept relies on the establishment of a dense sludge 

bed in the bottom of a reactor, in which biochemical conversion of organic matter into 

methane and CO2 takes place. The sludge bed is basically consists of active anaerobic bacteria 

and incoming suspended solids, getting digested by action of bacteria. The effluent from 

UASB reactor usually needs further treatments, in order to remove organic matter, nutrient and 

pathogens. By taking ideas from the usual practices in different disciplines of wastewater  
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management, aquaculture is being purposed and standardized 

as a tool for post treatment of domestic sewage (CIFA, 1998) 
[8]. Mechanization of system gives better output as well as 

serves as a cost recovery option to minimize or recover 

operational investments, and is mostly eco-friendly (Kumar 

and Kumar, 2017) [15, 16, 17, 18]. Mechanization need be 

enhanced substantially in order to meet the recommended 

level and to enhance the productivity (Kumar et al. 2017; 

Kumar et al. 2018) [15, 16, 17, 18, 19]. Mechanization has been 

defined as the use of improved hand and animal operated 

tools (Kumar et al. 2016). Aeration affects the growth as well 

as metabolic activities of fish towards treatment efficiency of 

fish (Kumar et al. 2017) [15, 16, 17, 18]. There are so many studies 

which demonstrated a great potential for the nitrogen and 

phosphorus removal with the help of microalgae. The uptake 

into cell and stripping ammonia through elevated pH are main 

mechanisms in algal nutrient removal from wastewater 

(Hoffman, 1998; Bich et al. 1999) [14, 4]. Bioremediation with 

algae has advantages such as low cost of the operation, the 

recycling possibility of assimilated phosphorus and nitrogen 

into algae biomass as a fertilizer avoiding sludge handling 

difficulty, and the oxygenated effluent release into the water 

body. In secondary treatment effluent of domestic wastewater, 

the average value of NH4
+ and PO4-P were 27.4 mg/L and 

11.8 mg/L respectively as reported by Martinez et al. (2000) 
[20] whereas 48 mg/L of NH4-N and 16 mg/L of PO4-P in the 

treated effluent of Upflow Anaerobic Sludge Blanket reactor, 

fed with domestic sewage (Van der Steen et al. 1999) [30].  

Microalgae were used in many aspects. Due to their high 

photosynthetic efficiency and their faster growth rate 

comparatively any other energy crops, microalgae are one of 

the most promising sources for biodiesel production (Minowa 

et al. 1995) [22]. They can be harvested every day due to their 

ability of quick reproduce (Haag, 2007) [11]. There are so 

many factors in laboratory or nature on which microalgae 

depend, such as light, temperature, salinity and nutritional 

factors that growth, physiological activities and biochemical 

composition (Alsull and Omar, 2012) [2]. Microalgae can 

assimilate nitrogen from a range of sources (Paasche and 

Kristiansen, 1982; Dortch, 1990; Page et al. 1999) [23, 10, 24]. 

Ammonia, nitrate, nitrite and many dissolved form of organic 

nitrogen like free amino acids, urea and peptides are 

considered as the major nitrogen sources for microalgae (Abe 

et al. 2002; Converti et al. 2006) [1, 9]. In wastewater 

treatment, microalgae have been broadly used for nutrient 

removal (Hoffmann, 1998; Borges et al. 2005) [14, 5]. 

Compared to conventional wastewater treatment methods, 

microalgae are considered as one of the most efficient, 

relatively low-cost, environment friendly and simple 

alternative for wastewater treatment (Hii et al. 2011) [13]. A 

number of the algae species (Tetraselmis sp. and 

Nannochloropsis sp.) have high nutritional value, and for this 

reason they are widely used as a food supply in the 

aquaculture industry for hatchery-growth herbivores (Alsull 

and Omar, 2012) [2]. Integrated wastewater treatment 

processes are considered as an alternative technique to single 

stage algal pond systems to improve nutrient removal as well 

as algal separation. It was also reported that macrophyte 

treatment had no additional effect on nutrient removal after 

microalgae treatment. The aim of this study is to investigate 

the performance of algae fed aquaculture system in terms of 

nutrient removal.  

 

Materials and Methods 

Wastewater was collected from the algal pond of UASB 

reactor situated in the IIT, Kharagpur campus. 

Characterization of the wastewater was carried out by 

following the standard technique APHA, 1998 [3]. Sewage 

after treatment through the UASB reactor was treated further 

in algal pond. The treated secondary effluent water from 

UASB reactor passed to algal pond where tilapia fishes are 

grown. The experimental set-up (shown in Fig. 1) is set in 

Aqua cultural Engineering Workshop in following manner to 

full fill the study criteria and for proper observation: 

 

 
 

Fig 1: Experimental set-up for study 

 

After collection of wastewater samples, they were analyzed 

immediately for the parameters such as influent and effluent 

COD, pH, ammonia-nitrogen, nitrite-nitrogen and nitrate- 

nitrogen as per the procedures given in standard methods of 

APHA (1998) [3]. Water quality is usually defined as the 

suitability of water for survival and growth of fishes and it is 

normally governed by few variables as reported by Boyd 

(1978). Most of these properties can be measured with 

appreciable degree of accuracy and the data can be used for 

productivity management of the pond. Evaluation of water 

quality was carried out on each 5 days cycle by collecting the 

samples. 

 

Dissolved oxygen and temperature: Dissolved oxygen (DO) 

was measured using YSI (MODEL 55) which is based on 

polarographic method. This DO meter is consisting of a probe 

comprising of two electrodes both bathed in potassium 

chloride and separated from the water by means of a 

membrane. One electrode measure DO and another one 

temperature. Both the parameters were measured on daily 

basis. 

 

Biochemical oxygen demand (BOD): It is an important 

regulatory parameter used to indicate organic strength of the 

wastewater. For BOD measurement diluted sample was kept 

in the incubator for five days. The change in DO 

concentration in the water sample was measured over the 

three days incubation period at 20 degree Celsius. Then BOD 

value was calculated by following formula: 

 

BOD =
(D1 − D2) − (B1 − B2)f

P
 

 

Where  

D1=DO on first day B1=DO of blank on first day 

D2=DO on third day B2=DO of blank on third day 

P=Dilution factor 

 

The BOD was measured on every four days cycle. 
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Most Probable Number (MPN): The MPN is a method of 

estimating the total coliforms in water. It is more practical to 

examine water for indication of bacteriological 

contamination. For each sample tested following amounts 

were added: 

5*10 ml to 10 ml double strength Lactose Broth (LB) 

5*1 ml to 5 bottles single strength LB 

5*0.1 ml to 5 bottles single strength LB 

Durham tubes are completely filled  

Incubation at 37 oC 

Acid production-a yellow coloration 

Gas-trapped in Durham tube 

Those tubes that produce acid and gas are scored positive. By 

varying sample size and number it is possible to build up a 

statistical picture as to the numbers present. These are 

represented in the McCray tables. The procedure followed for 

this test is as described by APHA (1998) [3]. 

 

SGR (Specific Growth Rate): The growth of fish was 

represented in terms of SGR to evaluate the fish growth and 

health. 
 

SGR = 100 ×
ln(

Final weight

Initial weight
 )

Culture periods (days)
 

 

Determination of algal biomass: Algal Dry Weight 

Estimation: Dry cell weight (DCW) was estimated as per the 

protocol of Rai et al. (1991). A noted quantity of microalgae 

culture was centrifuged for 10 min at 5000 rpm, after which 

the harvested biomass was dried at 60 oC till a constant 

weight, was reached. The biomass concentration was 

expressed as g L-1. 
 

Results and Discussion 

The results obtained during characterization of raw sewage, 

laboratory experiments on treatment of wastewater using 

UASB reactor and algal pond are discussed in this section. 

Wastewater recycling, reuse and resource recovery can be a 

very good approach to conserve water particularly in areas of 

water shortage. The treatment of sewage by using a series 

combination of a UASB (Up flow Anaerobic Sludge Blanket) 

reactor and waste stabilization tank is a low cost solution and 

could satisfy the discharge standards with regards to 

physiochemical and biological parameters. The success of the 

UASB concept relies on the establishment of a dense sludge 

bed in the bottom of a reactor, in which biochemical 

conversion of organic matter into methane and CO2 takes 

place. The production of high biomass concentration is the 

first step of the cultivation method for microalgae. Microalgae 

biomass growth depend on an enough supply of carbon 

source, organic nutrients present in the water and light to 

carry out photosynthesis. The different water quality 

parameters of algal pond water were discussed in table 1. 
 

Table 1: Characteristics of algal pond water quality 
 

Sr. No. Parameter Concentration 

1 Temperature 22 oC±7.89 

2 pH 8.9 to 9.6 

3 COD 45±5.66 mg/L 

4 BOD 15±5.89 mg/L 

5 TSS 85±7.65 mg/L 

6 VSS 70±6.89 mg/L 

7 NH3 4±0.86 mg/L 

8 PO4 0.2-0.3 mg/L 

9 Alkalinity 150±10.33 mg/L 

10 DO 4±2.2 mg/L 

The pH of aquaria pond water was measured on every 4 days 

interval. The pH values of all aquaria were ranges from 8.1 to 

9.6. If the pH of water is too high or too low, the aquatic 

organisms living within it will die. pH can also affect the 

solubility and toxicity of chemicals and heavy metals in the 

water. The pH of the wastewater affects a lot of the bio-

chemical processes related with algal growth and metabolism 

and availability and uptake of nutrients ions. The pH could 

not solitary influence algal growth algal growth but also 

nitrogen removal efficiency in waste water treatment (Park 

and Craggs, 2010; Park et al. 2011) [26, 27]. The pH usually 

increases in algal cultures due to assimilation of 

photosynthetic CO2 (Borowitzka, 1997; Chevalier et al. 2000) 
[6, 7]. The fish growth was measured on every 15 days and 

ideal pH for fish culture in pond water is 8.2. For good 

growth, availability of choice food is enough in water body is 

desirable. If growth of fish is good, this shows that fish health 

is good. The good growth of fish also suggests that the 

genotype hormone and physiological conditions of individual 

species are also evenly important. Good fish growth also 

shows that the biological conditions of water body are also 

good. The growth of fish was represented in fig. 2. 

 

 
 

Fig 2: Comparison of fish growth under different aeration and 

controlled conditions along with proper aquaculture 

 

The maintenance of good water quality is essential for both 

survival and optimum growth of culture organisms. Under 

controlled condition over 90 days period the SGR values of 

aquaria 1, 2, 3, 4 and 5 was measured as 1.075, 1.199, 1.242, 

1.082 and 1.370% body weight/day respectively. 

 

 
 

Fig 3: Growth behaviour of algae under different aeration condition 

 

The good growth of algae was achieved while experiment and 

the good algal growth showed bioremediation of significant 

amount of organic waste. Han et al. (2008) [12] reported 
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integrated cultivation for wastewater purification of 

aquaculture and algal biomass production and established that 

the average removal rate of total nitrogen, nitrate and nitrite 

was more than 80% for each; the total phosphorus removal 

rate was 94.17%. Menke et al. (2011) [21] also reported that 

after culture of Nannochloropsis sp. for 10 days grown in 

75% wastewater, nitrogen and phosphorus was reduced to 

80.4% and 72.8%. Patel et al. (2012) [28] experimented how 

microalgae differ in uptake of phosphorus from wastewater. 

They established that the phosphorus removal rate by 

Nannochloropsis sp. was poor however Tetraselmis sp. 

removed 79.4% of total phosphorus.  

The water coming from UASB reactor is directly discharged 

into algal pond water for tertiary treatment along with 

aquaculture. The growth of tilapia (Oreochromis niloticus) 

fishes was observed and treatment efficiency was measured in 

terms of organic waste as well as pathogens removal. The 

results obtained from the experiment shows 80.10±2.4% of 

total nitrogen removal with influent total nitrogen 

concentrations of 200±3 mg/L. Phosphate removal after 

treatment in algal tank was 90±1%. There was 2-3 log scale 

pathogen removal was also observed after treatment in algal 

tank. The maintenance of good water quality is essential for 

both survival and optimum growth of culture organisms. The 

permeate generated in UASB-Algal pond combined process 

with 90 days of HRT of treatment can be utilized for agro-

irrigation, re-circulatory aquaculture system or disposed 

safely in inland water channels. The black water after 

treatment using UASB/Algal pond is being reused for 

gardening and landscaping. Utilization of nutrients present in 

the treated sewage for the growth of microalgae species will 

not only control eutrophication but will also help in 

sustainable energy development. The findings of this study 

suggest that sewage can be directly used for mass cultivation 

of microalgae without requiring additional nutrient 

supplements. The effluent of the algal pond can be directly 

reused for surface irrigation of non-food crops. In conclusion, 

apart from wastewater treatment UASB-Algal-tilapia ponds 

also offer marketable by-products as fish protein including 

algal biomass, which correspond to a cost recovery for 

sewage treatment. The findings of this study suggest that 

sewage can be directly used for mass cultivations of 

microalgae without requiring additional nutrient supplements. 

The effluent of the algal pond can be directly reused for 

surface irrigation of non-food crops. Operating cost as an 

important point of view the algal biomass correspond to a cost 

recovery for sewage treatment by producing the biodiesel 

which can be further used as a fuel as 10-20% in addition with 

diesel. 

 

Conclusions 

Our results showed that wastewater from aquaculture could 

promote good algal growth and thus can be used for nitrogen 

and phosphorus removal in aquaculture and they could take a 

part in biological treatment of wastewater originate from such 

production. In conclusion, apart from wastewater treatment 

UASB-Algal-tilapia ponds also offer marketable by-products 

as fish protein including algal biomass, which correspond to a 

cost recovery for sewage treatment.  
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