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Abstract 

Background and Objective: This study aimed at using application of Water Quality Index (WQI) in evaluating the quality 
status of some artificial aquatic environments (concrete, earthen and plastic fish tanks/pond) in Roone Fish Farm, Port 
Harcourt, Rivers State, Nigeria were studied from October 2018 to September 2019. 

Methodology: Nine water quality parameters were considered and some samples were measured in-situ (Temperature, 
pH, conductivity (EC), total dissolved solid (TDS), turbidity, dissolved oxygen (DO) while biological oxygen demand 
(BOD), nitrate (NO3) and phosphate (PO4) were analyzed in the laboratory following standard methods.  

Results: The results obtained were subjected to Minitab version 16 and Tukey’s comparison test was also employed to 
separate means. The water quality index (WQI) calculation used the mean values of the nine (9) parameters chosen 
using the standards recommended by the World Health Organization (WHO), Bureau of Indian Standards (BIS) and 
Indian Council for Medical Research (ICMR) for drinking water quality. The water quality indices for concrete fish tank, 
earthen fish pond and plastic fish tank were 60.24, 73.34 and 70.20 respectively. Though, earthen fish ponds had higher 
WQI value and would have considered very poor water with regard to WQI calculation. The values of the WQI revealed 
that all the three artificial aquatic environments (concrete, earthen and plastic pond/tanks) were considered to be poor 
water quality.  

Conclusion and Recommendations: It was concluded that WQI is used as a tool for communicating information on the 
status of quality in different water bodies despite their medium and purpose of use. It was also recommended that the 
three artificial aquatic environments water should be monitored regularly and may be treated before use to avoid 
related public health issues. 
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1. Introduction

Water quality index is simple arithmetic methodologies using physico-chemical variables in estimating the level of 
fitness in any water body. Water quality index is one of the most effective tools to communicate information on the 
quality of water to the concerned citizens and policies makers [1].  It is also a useful factor in relating information on 
the overall quality of water [2], [3]. The different water quality parameters combine provide evidence of the water 
quality index status to which it will serve the purpose for man. According to Ajibade [4], reported the daily activities of 
man with regards to water application is a function of its quality or quantity. Furthermore, water quality index has been 
a global concern on the issue of public health attributed to water becoming worse with regard to its use. AL-Sabah[5], 
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reported water is polluted artificially by nature or by human activities.In other to control the impact of human activities 
on water bodies safe, an environmental management plan has been put in place to gain economic and environmental 
protections [6]. 

Artificial aquatic habitat is an environment made by man not made by nature such as reservoirs, aquarium, lakes, ponds, 
tanks cages and canal. Artificial aquatic environment is generally associated with multiple objectives for human benefits 
such as water supply, fish culture, medicine, hydroelectric power and recreation. Artificial aquatic environments form 
a significant component of aquatic resources of any country [7].Ponds are generally small natural or artificial, shallow, 
confined bodies of standing water usually have a muddy or silty bottom that provide habitat and food for many species 
and they are too small for wave action and too shallow for major temperature differences from top to bottom[8]. Fish 
and other aquatic organisms are reared in manmade ponds, reservoirs, cages or other enclosures for aquaculture [9]. 
Reservoirs are artificial lentic water bodies, associated with multiple objectives for human benefits such as water 
supply, irrigation, hydroelectric power and recreation [10]. Thus, Radovan et al. [11] stated the economic value such as 
irrigation fish ponds, helpthe biodiversity for ornamental and recreational purposes of artificial pond of fresh water 
aquaculture. 

Physico-chemical parameters can be divided into three main categories: physical (density, temperature); chemical (pH, 
conductivity, nutrients) and biological (bacteria, plankton and parasites) [12],[13].Physico-chemical parameters are 
used as an indicator for any perturbed aquatic environment [14]. The act of observing water quality in an aquatic system 
is an important activity in the approach of nature, control effectiveness of pollution measures. More so, it is a valuable 
factor in determining the water quality trends and recommending efforts on pollution control.  

Water quality index tool has been used bysome researchers to determine water quality in Nigeria river[15], stream [16], 
creek[17], dam [18]and groundwater [19]. Besides this, the status of various water quality index has been much studied 
but little or no information on the water quality index on some artificial aquatic environments, Port Harcourt, Nigeria. 
Therefore, to bridge the gap in knowledge, the study aimed to evaluate the WQI of some artificial aquatic environments 
in Port Harcourt, Nigeria. 

2. Material and methods 

2.1. Study area 

The study was carried out in Roone Fish Farm, Port Harcourt, Rivers State, Nigeria. The farm lies between latitudes 
4.7820N and longitudes 7.0550E.The research was conducted for a period of twelve months (October 2018 to September 
2019). The region appears to experience heavy rainfall and short dry season every year with relative temperatures with 
slight variation from 25о C – 30оC. 

2.2. Sampling tanks/pond 

Three artificial fish culture pond/tanks were used: plastic fish tank of 3m x 3m x 1.5, concrete tank of 2.5m x 5m x 1.5m 
and earthen pond of 4m x 5m x 1.5m one each. 

2.3. Artificial aquatic environment (AAE) 

AAE Pond 1: Concrete fish tank 
AAE Pond 2:  Earthen fish pond 
AAE Pond 3:  Plastic fish tank 

2.4. Samples collection and analysis  

Tank/pond water samples were collected monthly and analyzed following standard method [20], for some physico-
chemical parameters such as temperature, pH, conductivity, total dissolved solids, turbidity, dissolved oxygen, 
biochemical oxygen demand, phosphate and nitrate. 

2.5. Statistical Analysis  

Data obtained were subjected to one-way analysis of variance (ANOVA) using Minitab version 16.0 package. Means were 
separate using Post hoc test Turkey’s HSD @ 95% probability. 
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Nine (9) parameters were considered in the calculation of water quality index (WQI). The standards recommended by 
the World Health Organization [21], Bureau of Indian Standards [22] and Indian Council for Medical Research [23] for 
drinking water quality were followed in the calculation of water quality index.The weighted water arithmetic index 
method (WAWQI) Brown et al. [24] was used for the calculation of WQI of the water body while quality rating or sub 
index (qn) was calculated from the expression: 

qn= 100    
(𝑉𝑛 − 𝑉𝑖𝑜)

(𝑆𝑛 − 𝑉𝑖𝑜)⁄  

Where; 

Qn = Quality rating for the nth water quality parameters  

Vn = Estimated value of the nth water quality parameters of collected sample  

Sn = Standard permissible value of the nth water quality parameters  

Vio = Ideal value of the nth water quality parameters in pure water  

(i.e O for all other parameters except pH and Do which are 7.0 and 14.6mg/l respectively).  

Unit weight (Wn) was calculated by a value inversely proportional to the recommended standard value Sn of the 
corresponding parameters.  

Wn =  K S𝑛⁄  

Where; 

Wn = Unit weight for the nth parameter  

Sn = Standard value for nth parameters  

K = Constant for proportionality  

The overall WQI was therefore calculated by aggregating the quality rating with the unit weight linearly as follows: 

WQI = 
∑𝑞𝑛𝑊𝑛

∑𝑊𝑛⁄  

Table 1 shows the Water Quality Index and Status of Water Quality by Chaterjee and Raziuddin [25]and Table 2 indicates 
the adopted permissible limit of recommended agencies and unit weight.  

Table 1 Water Quality Index and Status of Water Quality 

Class Water Quality Index Water Quality Status 

A 0 - 25 Excellent water quality 

B 26 -50 Good water quality 

C 51 -75 Poor water quality 

D 76 – 100 Very poor water quality 

E >100 Unsuitable water quality 

Source: Chaterjeeand Raziuddin [25] 
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Table 2 Adopted permissible limit of recommended agencies and unit weight (All values are in mg/L except pH, 
conductivity and turbidity). 

S/No. Parameter Standard 
Permissible limits 
(Si) 

Unit weight Recommended 

Agencies References 

1. Temperature 25 0.00468 [26] 

2. pH 6.5 -8.5 0.0302 [27], [28] 

3. Conductivity 300 0.371 [23] 

4. Total dissolved solids 500 0.0037 [29] 

5. Turbidity 5 0.0234 [28] 

6. Dissolved oxygen 5.0 0.3723 [27] 

7. Biological oxygen demand 5.0 0.3723 [27] 

8. Phosphate 0.30 0.8566 [27],[28] 

9. Nitrate 45 0.0412 [27] 

3. Results 

The results of the physico-chemical parameters of the artificial aquatic environments are shown in Table 3. Higher mean 
value and standard deviation of temperature (28.68±1.92 °C), pH (7.26±0.41), conductivity (238.08±81.34 µs/cm) and 
turbidity (33.16±25.81 NTU) were recorded for earthen pond, TDS (135±58.10 mg/L), BOD (2.30±0.97 mg/L) and NO3 
(0.50±0.71 mg/L) were also recorded for plastic fish tank, while DO (7.09±3.16 mg/L) and PO3 (0.27±0.29 mg/L) were 
recorded in concrete fish tank respectively. From Table 1, plastic tank recorded low temperature mean value 
(27.22±1.50 °C), pH (6.79±0.83) and PO3 (0.19±0.24 mg/L).Concrete tank recorded low conductivity with mean value 
(208.33±67.89 µs/cm), TDS (103.53±39.11 mg/L), turbidity (15.22±6.37 NTU) and NO3 (0.41±0.50 mg/L) while 
earthen pond had low DO value (3.96±1.67 mg/L) and BOD (0.65±0.66 mg/L). However, serial number 1-4, 8 and 9 
among the artificial aquatic environment were not significantly different (p>0.05) (Table 1). While serial number 5,6 
and 7 among these artificial environments were significantly different(p<0.05) (Table 3). The water quality index of the 
artificial water bodies were 60.24 (concrete fish tank), 73.34 (earthen fish pond) and 60.68 (plastic fish pond) 
respectively (Tables 4-6). For all the environments earthen pond had the highest index value indicating that the water 
is poor (Tables 1). 

Table 3 Physico-Chemical Parameters of the Different Artificial Aquatic Environments (Mean±SD) 

S/No. Parameter Concrete tank Earthen pond Plastic tank 

1. Temp (°C) 28.30±1.76a 28.68±1.92 a 27.22±1.50 a 

2. pH 7.08±1.41a 7.26±0.41a 6.79±0.83a 

3. Conductivity(µs/cm) 208.33±67.89 a 238.08±81.34 a 234±56.55a 

4. TDS (mg/L) 103.53±39.11a 113.85±33.17 a 135±58.10 a 

5. Turbidity (NTU) 15.22±6.37a 33.16±25.81b 16.39±9.53a 

6. DO (mg/L) 7.09±3.16 a 3.96±1.67 b 4.95±3.03ab 

7. BOD (mg/L) 1.51±0.81 a 0.65±0.66b 2.30±0.97a 

8. PO3 (mg/L) 0.27±0.29a 0.22±0.24a 0.19±0.24 a 

9. NO3(mg/L) 0.41±0.50 a 0.42±0.54a 0.50±0.71a 

Means with different superscripts within row are significant different (p<0.05); Temp-Temperature; pH-Hydrogen ion concentration; TDS-Total 
dissolved solids; DO-Dissolved oxygen; BOD- Biological oxygen demand; TOC- Total organic carbon. 
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Table 4 Calculated water quality index (WQI) for Concrete fish tank. 

S/No. Parameter Observed values Sn Wn qn Wnqn 

1 Temp (°C) 28.30 25 0.00468 113.2 0.530 

2 pH 7.08 6.5 -8.5 0.0302 5.33 0.161 

3 Conductivity(µs/cm) 208.33 300 0.371 69.44 25.752 

4 TDS (mg/L) 103.52 500 0.0037 20.70 0.077 

5 Turbidity (NTU) 15.22 5 0.0234 304.4 7.123 

6 DO (mg/L) 7.09 5.0 0.3723 78.23 29.125 

7 BOD (mg/L) 1.51 5.0 0.3723 30.2 11.243 

8 PO3 (mg/L) 0.27 0.30 0.8566 90 50.94 

9 NO3(mg/L) 0.41 45 0.0412 0.91 0.037 

 Summation (∑)   ∑ 2.075 ∑712.41 ∑124.988 

 Water Quality Index (WQI) = 
∑𝑞𝑛𝑊𝑛

∑𝑊𝑛⁄   =  60.24 

 

Table 5 Calculated water quality index (WQI) for Earthen fish pond. 

S/No. Parameter Observed values Sn Wn qn Wnqn 

1 Temp (°C) 28.30 25 0.00468 114.72 0.54 

2 pH 7.26 6.5 -8.5 0.0302 17.33 0.52 

3 Conductivity(µs/cm) 238.08 300 0.371 79.36 29.44 

4 TDS (mg/L) 113.85 500 0.0037 22.77 0.08 

5 Turbidity (NTU) 33.16 5 0.0234 563.2 13.17 

6 DO (mg/L) 3.96 5.0 0.3723 110.83 41.26 

7 BOD (mg/L) 0.65 5.0 0.3723 13.0 4.34 

8 PO3 (mg/L) 0.22 0.30 0.8566 73.33 62.81 

9 NO3(mg/L) 0.42 45 0.0412 0.93 0.03 

 Summation (∑)   ∑ 2.075 ∑ 995.46 ∑152.19 

 Water Quality Index (WQI) =  
∑𝑞𝑛𝑊𝑛

∑𝑊𝑛⁄   =  73.34 

 

Table 6 Calculated water quality index (WQI) for Plastic fish pond 

S/N Parameters Observed values Sn Wn qn Wnqn 

1 Temp (°C) 27.22 25 0.00468 108.88 0.51 

2 pH 6.79 6.5 -8.5 0.0302 -14 -0.42 

3 Conductivity(µs/cm) 234 300 0.371 78 28.94 

4 TDS (mg/L) 135 500 0.0037 27 0.10 

5 Turbidity (NTU) 16.39 5 0.0234 327.8 7.67 

6 DO (mg/L) 4.95 5.0 0.3723 100.52 37.42 

7 BOD (mg/L) 2.30 5.0 0.3723 46 17.13 

8 PO3 (mg/L) 0.19 0.30 0.8566 63.33 54.25 

9 NO3(mg/L) 0.50 45 0.0412 1.11 0.05 

 Summation (∑)   ∑ 2.075 ∑ 738.64 ∑145.65 

 Water Quality Index (WQI) =  
∑𝑞𝑛𝑊𝑛

∑𝑊𝑛⁄   =  70.20 
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4. Discussion 

Water quality index (WQI) bestow brief datum of large number of water quality variable into a single term such as; 
excellent, good, poor, very poor, unsuitable water quality. In this regard Hulya [30] reported WQI range level value is 
use for easy reporting to the concerned users. This will help in ensuring safety measures in any water bodies. For water 
quality management, the indices are the most effective means of information to the concerned authority [31]. 

Temperature the father to every life, determined the positive and negative status within each medium life exists. The 
temperature with the highest mean values (28.68±1.92) in this study were in line with the Niger Delta climate. Thus, all 
the artificial culture systems exhibited normal survival rangefor aquatic life. The result obtained is in agreement with 
Roberts et al. [32] 20 – 33°C is considered as maximum temperature range foraquatic life.However, the temperature of 
all artificial aquatic environments is higher than WHO [28] standard for water quality index (WQI). In the present study 
the increase of temperature of these artificial environments could be attributed to the holding structure of the different 
media. 

Hydrogen ion concentration (pH) is an important factor in the lives of aquatic organism to survive.  The pH of the 
artificial aquatic environments varied between media slightly from acidic to neutral. However, the water of the three 
artificial aquatic environments showed good neutral condition. Though, in different water bodies similar results were 
recorded by[33].The observed range for pH were found to be suitable for fish culture. 

Electrical conductivity is the ability of the water to conduct electricity [34]. The total concentration of salts in a water 
body is a function of its electrical conductivity. Earthen pond had higher conductivity value, followed by plastic fish tank. 
The observed electrical conductivity (EC) in this study signified that the artificial aquatic environments were freshwater 
habitat with regard to low salinity vicinity. According to Egborge [35]opined that conductivity value below 1000 µs/cm 
indicated freshwater, above 1000 µs/cm is brackish water and above 40,000 µs/cm is marine water. Thus, the result 
obtained were below standard limit of 300 WQI [23].  

Total dissolved solids (TDS) is regarded as the total load of dissolved substances in a water body. The presence of such 
solutes affects the physical and chemical properties of water bodies [14]. The observed total dissolved solids were 
within the acceptable range 500 recommended by [36]. The result obtained agreed with 22.11± 2.41mg/L in artificial 
concrete tank as reported by [34]. 

Turbidity prevents the direct penetration of sunlight in pond culture system making it difficult for aquatic organism like 
algae to photosynthesize positively [37]. The recorded turbidity values in this study of all the artificial aquatic 
environments were higher with values (15, 33 and 16NTU) respectively above WHO [26] permissible limit of 5NTU for 
water quality index (WQI). This could be attributed to suspended particulates matter, organic and inorganic matter and 
plankton biomass, except for earthen pond that is mixed with silt, sand and clay. This tie to the findings of Al-Janabiet 
al. [38] on WQI in surface water of Tigris.  

Dissolved oxygen (DO) affects the growth and survival of aquatic life distribution. The result of dissolved oxygen 
concentration obtained in earthen and plastic tank/pond were3.96 mg/l and 4.95 mg/l respectively which were below 
permissible limit of DO 5mg/L as regard to Bureau of Indian Standards (BIS) for WQI, except for concrete tank that 
recorded higher DO value. However, the low level of oxygen concentration in earthen and plastic pond in this study 
might be attributed to high density of fish stock, microbial and photosynthetic plankton activities in the artificial aquatic 
systems. This result is in conformity with the finding of Islamet al.[39] reported high load of organic contaminant in the 
assessment of water quality index (WQI) in pond water. 

Biological oxygen demand (BOD) values recorded in this study in the aquatic culture systems is within the acceptable 
limit of 1 mg/L to 3 mg/L for aquatic environments. Biological oxygen demand decreases with increased organic matter 
and fishes in a water body. Water body with Biological oxygen demand (BOD) levels less than 1.0 and 2.0mg/L are 
regarded as good water, 3.0 mg/L fairly good, 5.0 mg/L doubtful and 10 mg/L heavily polluted [40]. Therefore, the 
obtained result is below permissible limit of (BIS) for WQI which is an indication that the artificial aquatic environments 
were regarded as good water for aquatic organism. 

Nitrate is relatively non harmful to aquatic life and cause no health hazard except at exceedingly high levels of 90 mg/ 
L and above [41]. The nitrate and phosphate value in this study is below permissible limit of 45 and 0.30 mg/L 
respectively as per WHO [28] in three artificial aquatic environments. Hence, absence of inorganic fertilizers and 
decrease in various forms of pollutants into the artificial aquatic environments could be reasons for the low value. The 
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obtained results agree with the work of Santhosh and Singh [42] who reported the range of 0.1 mg/L to 4.0 mg/L is 
favorable for fish culture water. 

5. Conclusion 

Some physico-chemical properties were used to evaluate the water quality status of some artificial aquatic 
environments using CCME/BIS/ICMR and WHO standards for water quality Index.The water quality index (WQI) for 
concrete tank, earthen pond and plastic tank artificial aquatic environments samples ranges from 60.24 to 73.34. The 
result of study revealed WQI of concrete tank, earthen pond and plastic tank had poor water quality status based on 
WQI classification (Table 1) which is not suitable for usage as drinking water but for culture of aquatic organisms like 
fish. Even though it is considered less polluted environment, the needs to be protected from the perils ofcontamination 
such bacteria and harmful algae are of concern to human health. Therefore, the study unveiled the application of Water 
Quality Index is auseful tool in evaluating the overall quality of the artificial aquatic environments. 
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