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The physical and chemical analysis of water sample from the fish pond (that is, sample from untreated 
pond S1 and recirculation pond S2) was conducted to compare the quality of used pond water. To 
achieve this, a recirculation aquaculture system (RAS) prototype was designed and implemented 
adhering to standard required condition for establishing a RAS model. This system consists of the fish 
pond, the primary clarification chamber, secondary clarification and a centrifugal pump, using bottom-
top approach method. The primary clarification chamber comprises the bio-media compartment that 
houses the strain filter, ceramic rings and activated carbon, while the strain filter helps to remove 
suspended solids (SS) from the pond water, also the secondary clarification chamber performs further 
water purification process. The result from physical analysis revealed that colour, odour, apperance, 
turbidity and total suspended solid (TSS), were all within approved World Health Organization (WHO) 
and Federal Ministry of Environment (FMENV) standards. The pH range of untreated pond (S1) was 
observed to be 6.8 while that of recirculation pond (S2) has a value of 6.6 indicating that S2 was at a 
minimum allowable range. The chemical analysis, Ammonia (NH3), Ammonia Nitrogen (NH3-N), 
Ammonium (NH4), Dissolved Oxgen (DO), are all within the standards except Magnesium hardness 
which showed little or no result thereby favouring the fish habitat. The centrifugal pump used is 1 hp 
and has a calculated power efficiency of 70% acting against gravity, thus lifting water from primary and 
secondary clarification chambers. The results showed that the use of bio-filter recirculation fish pond is 
highly recommended for water management for those living in rural and urban areas where water 
scarcity remains a great challenge. The materials for the design and construction of this project are 
locally sourced and affordable. 
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INTRODUCTION 
 
In recent years, Nigeria and the world at large has 
suffered from inconsistency in the management and 
production of fish which is a major source of protein 
necessary for human consumption and development. In 
fact, this has been a major challenge to many nations’ 
industrial development and income generation most 
especially in Nigeria. 

Fish production which is the most internationally  traded  
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produce in the world today lies in the realm of 
biotechnology which requires a balanced support from 
the biological and engineering sciences. FAO (2006) 
estimated that in 2003 global trade in fish increased to 
about $63bilion. However its production has become so 
complex that in order to be successful, a wide approach 
to aquaculture which encompasses expertise in biology, 
chemistry, economics, food technology, and engineering 
became apparent during the 90s (Thomas, 1997). From 
the commercial point of view, fish production which has 
been identified as a major means of income generation, 
has suffered from the problems of water purification and  
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management which lead to agricultural and biological 
engineers into researching for ways to purify used water 
in artificial ponds. After series of research works, 
successful results were achieved in the management and 
purification of water using re-circulating aquaculture 
system (RAS) through the development of a bio-filter to 
harnessing this flexible system to handle variable flow 
rate of aeration and water purification in order to remove 
excess nitrogen, turbidity and other inert gases. RAS also 
known as bio-filtration, involves the conversion of 
contaminated water streams containing chemicals 
through an active physical, chemical and biological 
medium to harmless compounds (Thomas, 1997). 

Bio-filtration which is the removal of dissolved 
nitrogenous waste from used water, utilizes a supported 
media for microbial growth to remove odour and organic 
contaminate from water streams. The filter consists of a 
closed chamber containing contaminant-degrading 
microbes. The filter media is designed to provide a high 
capacity for water uptake having a long working life and 
provides a low pressure drop for the gasses passing 
through the media (David et al., 2004). Treatment 
methods applied to treat aquaculture wastewater are 
broadly classifiable into physical, chemical and biological 
processes. Physical unit operations apply physical forces 
to remove contaminants. In this process solid removal is 
accomplished by sedimentation (settleable solids) or 
mechanical filtration (suspended and fine solids) (Van 
Rijn, 1996). Two commonly used types of mechanical 
filtration in aquaculture are screen filtration and 
expendable granular media filtration (Twarowska et al., 
1997; Franco-Nava et al., 2004). For fine solids removal, 
foam fractionation – a process also referred to as air 
stripping or protein skimming – is often employed 
(Timmons, 1984). 

Chemical unit processes for aquaculture wastewater 
treatment are customarily used in conjunction with 
physical unit operations and biological processes. The 
main chemical unit process used in aquaculture is 
disinfection by means of ozonation (Summerfelt, 2003) 
while Biological processes are the most important ones 
with respect to aquaculture wastewater treatment and the 
major biological process is nitrification (Van Rijn, 1996; 
Ling and Chen, 2005; Malone and Pfeiffer, 2006). 
Biological filters are used for freshwater. It comprises the 
mineralisation of organic nitrogenous compounds, 
nitrification and denitrification by bacteria suspended in 
the water. It is basically used for fresh water.  

In recent times, recirculation systems are becoming 
increasingly popular as they provide a predictable and 
constant environment for growing fish. Recirculation 
systems are essentially closed system which involves 
filtration and treatment of used water in fish ponds where 
the water is exchanged continuously to guarantee 
optimum level of water conditioning. This system 
occupies a very little area and require little water 
compared  to  other forms of aquaculture and  it  is  best   

 
 
 
 
located where there is lack of water or ground supply. In 
as much as bio-filters to an extent provides predictable 
and enabling environment for growing fishes, no bio-filter 
can be said to be 100% efficient as compared to its high 
cost of operation. Owing to the high cost of operation of 
bio-filters, there is need to devising modern techniques 
for its operation without compromising or reducing the 
already existing techniques of operation. To achieve this, 
a locally sourced material was introduced as the filtration 
media and the efficiency of the resulting bio-filter system 
compared with the results of an already existing bio-
filtration system. Hence, the specific objective of this 
study is to develop a prototype aquaculture recirculation 
system that aims at: 
 
i. Using locally sourced materials that would reduce the 
cost of design, operation and maintenance without 
compromising standards. 
ii. Improving water use and management in fish ponds 
through the reduction of water turbidity and the removal 
of inert gases. 
iii. The removal of uneaten feed and nitrogenous waste 
produced in fish pond with the help of ceramic rings 
employed in the bio-filter media as well as enhancing the 
aeration and purification rates. 
 
 
METHODOLOGY 
 

Materials 
 

The availability of materials for the implementation of this 
project is of great importance. The materials used in the 
construction of this project are local sourced materials 
which comprised the centrifugal pump, switch, pipe, head 
tank, bio-media, strain filter, ceramic ring, activated 
carbon, reservoir and reagents used for the laboratory 
analysis. 
 
 

Methods 
 

In order to choose the appropriate and cheapest method 
to adopt in the project implementation, the followings 
were considered: 
 

i. The process that would involve and the necessary 
technology required; 
ii. The availability of materials/components required for 
implementation. 
 

The bottom-top approach method was used to realize the 
project. In this method, each section of the project was 
developed first before the final coupling. 
 
 

System Specification 
 

In any engineering  design,  the  component  used  in  the  
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Figure 1. Schematic diagram of the fishpond system. 
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Figure 2. Schematic diagram of primary clarification chamber. 

 
 

 
design must be thoroughly selected in order to meet the 
design goal. To achieve the implementation of the 
design, four basic parts made ofFishpond, Primary 
clarification chamber, Pump compartment, Secondary 
clarification chamber were considered for. 
 
 

Fishpond system 
 

The schematic diagram (Figure 1) shows the fish pond 
system of the proposed recirculation aquaculture system. 
In this system, fresh water from the head tank enters the 

fish pond system via a  PVC pipe. This water 

after been used up by the fish enters the primary 
clarification chamber for the first or initial purification 
process. Certain factors such as pretreatment of the fish 
pond, stocking and feeding were considered to ensure an 
efficient pond system. 

The primary clarification chamber (Figure 2) which 
receives used water by the fishes from the fish pond 
comprises a bio-media, strain filter, ceramic ring and 
activated carbon.  

This chamber does the first recirculation and 
purification. Water from the fish pond enters the bio-
media compartment which houses the strain filter, 
ceramic rings and activated carbon. This strain filter helps 
to remove suspended solids (SS) from the pond water. 
Also, the activated carbon is used for chemical and 
physical operation processes for disinfection by means of 
ozonation (water treatment process that destroys bacteria 
and other micro-organisms through an infusion of ozone 
O3). It performs the function of removing odour and water 
colourations which are associated with organic matters 
e.g. algae, present in the fish pond. The importance of 
the ceramic rings contained in the system, performs the 
sole function of converting  ammonia  to  nitrate.  This  is  
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Figure 3. Schematic diagram of pump compartment chamber. 
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Figure 4. Schematic diagram of secondary chamber. 

 
 
 
possible since the ceramic rings (oyster shell) in its 
natural form contain nitrosomonas and nitrobacteria, 
given by Equations (2.1 and 2.2). 

 
NH4

+
+ OH

-                        
NH3 + H2O     (2.1) 

(Ionized)                  (Unionized) 
 
 NO2

-
 + H2O               HNO2 + OH

 -
  (2.2) 

 
It may be worthy to note that during respiration, fishes 
use up available dissolved oxygen (DO) present in the 
pond water with the emission of carbon dioxide (CO2). 
This bye-product of fish respiration reacts with the water 
to form carbonic acid (H2CO3) Equation (2.3), which 
reduces the pH level downwards, resulting in the acidic 
nature of the water, harmful for fish growth.  
  
CO2 + H2O  H2CO3   (2.3) 
 
Thus, the addition of calcium carbonate is of utmost 
importance as it acts as a buffering reagent which aids 
the aeration of pond water through the reduction of 
carbon dioxide (CO2), hardness and turbidity levels. 

Pump Compartment  
 
The pump compartment Figure 3, consists of the 
centrifugal pump, used to lift water from the pump 
chamber through the pipe to the secondary clarification 
chamber by gravitational force. 
 
 

Secondary clarification chamber  
 
This chamber performs the final purification of 
flocculation and coagulation process. The factors that 
promote the coagulation –flocculation process are the 
velocity gradient and time. The time and velocity gradient 
are important in the secondary clarification process as 
there is possibility of clogging. Likewise, avoiding further 
clogging in the pond system, any trace of suspended 
solid (SS) found in the primary clarification chamber is 
noticed and removed (Figure 4). 
 
 

Design Procedures 
 

The design procedures and calculations  adopted  for  the  
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Table 1. Pond size design calculation. 
 

Item                                 Calculation  Output 

 

 

Fish pond design 
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•  

•  

•  
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recirculation system are presented under the followings:  
 
 
Pond size design  
 
The sizing of the fish pond as calculated in Table 1 was 
achieved under the following procedures: 
Area of the fishpond using Equation (2.4)  
 

 
 
Volume of the pond water using Equation (2.5) 
 

 
 
 
Primary /secondary clarification chamber design  
 
The Primary /Secondary clarification chamber are of the 
same capacities. Thus, same design procedures listed 
herein for the design of the secondary clarification 
chamber in Table 2 gives the detailed calculation and 
analysis. 
 
i. Considering the shape of the chamber, 
 

 R (2.6) 

ii. Volume of the chamber to ascertain the maximum 
capacity of water it holds, Equation (2.7) is considered. 
  

Volume ( )  (2.7) 

 

iii. Estimating the area and volume of the bio-media using 
Equations (2.4 and 2.5), where: 
 

R = Top radius (m); r = base radius (m); and h = depth 
(m). 
 
 

Pump compartment design 
 

The procedure as shown in Equation (2.6) was adopted 
for the pump compartment design. It has the same 
shapewith the primary and secondary clarification 
chamber, though differs in size, Table 3. Also presented 
respectively in Tables 4 and 5 are the calculations of the 
discharge through the piping system and the flow type in 
the pipe". 
 
 

Pump Efficiency 
 

The design procedures and calculations adopted for the 
recirculation system are presented under the following: 
 

Power requirement applying Reynolds number:  
 

Reynolds is used in determining a non–dimensional 

quantity,  known as Reynolds number (Re) 
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Table 2. Primary and secondary clarification chamber calculation 
 

Item                                 Calculation  Output 

 

 

 

Primary/ 
Secondary 
clarification 

chamber design 

Design Data: 

i) Depth, =65 =0.65m 

 

= 40cm  

 ii) Radius, R 65cm  

                     r = 40cm 0.4  

iii) Length:   L 0.68m 

iv) Area 

Area  

(0.325
2

 

1.649  

                     =1.649  

 
v)  Volume 

 

                V  

0.712(0.1052  
2 
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r  

 

L  
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Table 3. Pump compartment design calculation. 
 

Item                                 Calculation  Output 

 

 

 

 

Pump 
compartment 

design 

 

Design data: 

(vi) Area of the pump compartment (frustum cone) 

     Area = π(R + r)  

                 =π(0.205+0.16)  

                 =  

                 =π (0.365)  

                 =π (0.365)  

                  =1.1467 0.6398 

                  =0.7337  

 

 

 

 

 

 

 

 

 

 

 

A  

 
 

When Re (laminar (or viscous) flow); 

    Re (turbulent flow); and 

    Re between 2000 and 4000   (unpredictable flow) 
 
 

Power to maintain pump flow:  

 
 This determines the power to maintain the flow using  

Equation (2.9) and the calculations as shown in Table 6. 
 

P 
(2.9)

 

                                   (2.10) 
 
Where P is Power of pump flow, Weight of water (W) =  
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Table 4. Discharge /flow through piping system calculation 
 

Item                                 Calculation  Output 

 

 

 

Velocity of flow 
through pipe 

 

(vii) For circular pipes Chezy-Manning equation is used to calculate the 
velocity of flow  

 
Where    V = velocity of flow (m/s) 

             R = Hydraulic radius –A/P (m) 

             S = Hydraulic slope = 0.1%  

              A = Area = /4  0.023
2
 (m

2
) 

P = Wetted Perimeter = d (m) 

 Where d = diameter of pipe = 0.023m 

 n = Roughness coefficient as 0.0009 for plastic pipe (Michael, 1987) 

Area,  

                   =0.7854 0.0529 0.041  

Wetted perimeter, P  

P  

 

Hydraulic radius, R  

 
 

Velocity of flow,  

 

 

viii) Discharge through pipes: The discharge through a pipe is given as: 

Discharge, Q= AV  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

P  

 

 

R  

 

 

 

V  

 

 

 

 

 

 

 
 

mass gravity = 1000 kg, D is the diameter = 0.025 m, V 

is the velocity of flow (m/s), L is the length =1.75 m 
 
 
Pump Efficiency 
 
The pump efficiency was calculated as shown in Table 7 
using Equations (2.11 and 2.12). 
 

 
 

Where Whpis the water horsepower, Bhpis the brake 
horsepower. 

 
 
Where Q = discharge, H = height of elevation, 

=constant 

 
 
Recirculation System Water Quality Analysis 
 
To ascertain the quality of water of the recirculation 
system Figure 5 Table 10, experiments on the water 
sample collected was carried out to determine the physio-
chemical and biological characteristics of the pond water. 
The results obtained from the experimental analysis were  
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Table 5. Flow in pipe calculation. 

 

Item                                 Calculation  Output 

 

 

 

Flow Regime 

Reynolds number Re  

From data of fishpond compartments parameters we  have the following data: 

Density of water  

Velocity, V 2.4244  

Diameter of a pipe  

              Viscosity  

  Thus:   Re  

 

 
The Reynolds number is less than 2000, therefore a Laminar flow. 
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Table 6. Pump power calculation. 

 

Item                                 Calculation  Output 

 

 

 

 

Power 
requirement 

Power required to maintain the pump 

P  

 
Where:    F  

 

 

 
To determine the head loss from  

 

 

 
The Power required to maintain the flow, P:  

P  

Where      w weight of water  mass  gravity 

               Q Discharge of flow m/s  

Head loss(m)     

 
P  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

P  

 
 
compared with normal pond water without recirculation 
system. This is to determine the performance and 
percentage compliance of the newly designed system 
when compared with WHO and FMENV standards. The 

physical parameters, Table 8, investigated include: total 
suspended solid (TSS), odour, colour, turbidity, 
temperature. While the chemical parameters Table 9, 
were   pH,  dissolved  oxygen  (DO),  calcium  hardness,  
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Table 7. Pump efficiency calculation. 

 

Item                                 Calculation  Output 

 

 

 

Pump efficiency 

Design Data: 

• 2.306 ft = constant 

To convert ft  to psi: 

• 2.306ft = 1 psi ( pound per square inch of pressure) 

• H = 7.1ft 

• Q = 450 litres 

• To convert litre to gpm 

• 1litre  = 0.264 gpm 

Total head  height of elevation Pressure at pump outlet 2.306ft 

H = 3.079psi 

H = 7.1ft  3.079  

 
Q = 450 0.264  

    = 118.8gpm 
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Figure 5. Isometric diagram of the recirculation system. 
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Table 8. Physical parameters, their respective wavelength and program number. 
 

Parameter Wavelength (mm) Program number 

Colour 455 120 

TSS 810 630 

Turbidity 860 750 

pH - - 

Temperature - - 
 

Source: Imo State Environmental Protection Agency Laboratory (ISEPA, 2014) 

 
 
 

Table 9. Chemical parameters, their respective wavelength and program number. 
 

Parameter Wavelength 

(mm) 

Program number 

pH - - 

Dissolved oxygen - - 

Calcium Hardness 525 - 

Magnesium hardness 525 - 

Ammonia  420 353 

Ammonium  520 373 
 

Source: Imo State Environmental Protection Agency Laboratory (ISEPA, 2014) 

 
 

Table 10. Diagram description. 
 

Number  Description 

1 Secondary clarification chamber 

2 Reservoir 

3, 12 Back knot 

4, 9, 13, 15 Regulator 

5, 7, 10,14 Stand 

6 Fish pond 

8 Primary clarification chamber 

11 Centrifugal pump 

 
 
magnesium hardness, ammonia, and ammonium. 
 
 

RESULTS 
 

The results of the laboratory analysis of the water 
samples (i.e. samples from untreated pond, S1 and 
recirculation pond, S2), gathered for the physical and 
chemical analysis are given in Table 11. These results 
were compared with the World Health Organization 
(WHO) and Federal Ministry of Environment (FMENV), 
standards. 
 
 

Comparison of water samples with WHO and FMENV 
standards 
 

In order to ascertain the extent of pollution, the results of 
the laboratory analysis   of   the   water   samples   where  

compared with the WHO and FMENV standards. Tables 
12 and 13, give the respective comparison of the 
physical, chemical and biological characteristics of the 
water samples with the WHO and FMENV standards. 

 
 
DISCUSSION 

 
From the results of the physical parameters the physical 
appearance of S1 was greenish while S2 has a brownish 
colouration. Both S1 and S2 had colouration above WHO 
and FMENV standard with S1having the highest value of 
670 and S2 a value of 620. For TSS, both water samples 
(that is, S1= 65mg/l and S2 = 61mg/l) exceeded the 
allowable limits of 50 pt-Co respectively with a variance 
of ≥11 to 15pt-Co. both water samples showed that the 
pH is with limits of the set standards for both  WHO  and  
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  Table 11. Results of the physical and chemical analysis of water   samples.  
 

Parameters Un-RAS pond water (S1)    RAS pond water (S2) 

Physical Analysis 

Physical appearance   

Colour (pt-Co) 670 620 

TSS (mg/l) 65 61 

Turbidity (NTU) 120 111.1 

pH 6.8 6.6 

Temperature (  32 29 

Chemical/Heavy Metals Analysis 

Ammonia (NH3) 7.87 7.10 

Ammonium (NH4) 8.23 7.9 

Ammonia Nitrogen (NH3N) 7.0 6.1 

Calcium Hardness 0.29 0.22 

Magnesium Hardness 0.00 0.00 

Dissolved Oxygen (DO) 4.6 4.1 
 

All units are in  

 
Table 12. Physical characteristics of water samples as compared with WHO and     FMENV standards. 
 

Sample Colour 

(Pt-Co) 

TSS 

(mg/l) 

pH Turb. 

(NTU) 

Temp. 

 

WHO 

FMENV 

15 

15 

50 

50 

6.5-8.5 

6.5-8.5 

5 

5 

20-30 

20-30 

S1       670         65 6.8 120 32 

S2 620 61 6.6 111.1 29 

Variance    0.65 - 1.49   
 

pH is dimensionless 
Source: Author’s fieldwork and laboratory analysis (2014); WHO and FMENV (SON, 2007) standards 
 

 
 

Table 13. Chemical constituents of water samples and their comparison with WHO and FMENV standards. 
 

Sample NH3 NH4 Ca Mg DO NH3N 

WHO 

FMENV 

5 

5 

0.3 

0.3 

0.1 

0.2 

1.0 

1.0 
 

50 

17 

0.2 

S1 7.87 8.23 0.29 0.00 4.6 7.0 

S2 7.10 7.9 0.22 0.00 4.1 6.1 

Variance       
 
All dimensions are in  

Source: Author’s fieldwork and laboratory analysis (2014); WHO and FMENV (SON, 2007) standards 

 
 
 
FMENV. For S1 the pH is greater than the minimum limit 
by 0.3, while S2 had a pH value greater than the minimum 
limit by 0.1.this clearly showed that the water samples 
(that is, S1and S2)are within the limits set by WHO and 
FMENV. The turbidity also showed a range ≥106 to 115 
(NTU), which is far above the set limit of 5 NTU respec-
tively for both WHO and FMENV standard. Although the 

temperature S2 (29°C) was little lower than S1 (32°C) by 
5°C .Only S2 was slightly lower than the maximum limit of 
WHO and FMENV by 10°C . The result of the chemical 
parameter (Table 13) determined in the laboratory 
showed that NH3 for both samples (S1 and S2) were 
higher than the set standards of WHO and FMENV with a 
variance ≥2.1 to 2.87.  
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The NH4 for S1 and S2 were far above the limits of WHO 
(0.3mg/l) and FMENV (0.3mg/l) with a variance ≥7.6 to 
7.93mg/l. The water samples (S1 and S2) showed the 
presence of Ca

+
 0.29mg/l and 0.22mg/l for WHO and 

FMENV standard respectively with S2 (0.2mg/l) higher 
than FMENV standard (0.2mg/l) by 0.02mg/l and WHO 
(0.1mg/l) by 0.12mg/l. S1 (0.29mg/l) also showed a higher 
presence of Ca

+
 (that is, ≥0.09mg/l to 0.19mg/l). These 

showed that the water from both ponds are slightly hard.  
Similarly, Mg

+
 which also indicates hardness was not 

present as both water samples showed Mg
+
 level of 0mg/l 

as against WHO and FMENV standard levels of 1mg/l 
each respectively. The DO levels for S1 and S2were 
slightly above WHO standard (4mg/l) but were within 
limits of FMENV (50mg/l).NH3-N was also present with 
values from both S1 and S2 higher than the recommended 
standards of WHO and FMENV (as presented in Table 
13).  

It is worthy to note however that from the results of both 
the physical and chemical parameters (Tables 12 and 
13), S2 had a lower values than S1 for all parameters 
tested for. This clearly indicates that the recirculation 
system to an extent reduces the level of pollutants in a 
fish pond.  
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