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INTRODUCTION 

 

Approximately 60% of human population in low-and middle-income countries 
derive 30% of their annual protein from fish (Omojowo and Omojasola, 2013). 

The advantage of fish as food is as a result of its easy digestibility and high 
nutritional value (Abo-Elela et al., 2005). However, fish are susceptible to a 

wide variety of microbial pathogens and may be a route of transmission of 

pathogens to humans when microbially contaminated fish are consumed. The 
greatest microbial risks are associated with the ingestion of fish raised in 

overlying waters impacted with faecal matter that may originate from either 

human or non-human sources. Wastewater discharges in fresh waters and coastal 
seawaters are the major source of faecal microorganisms that contaminate aquatic 

lives especially fish (Shahidul and Tanaka, 2004). Fish pond may contain 

bacteria, heavy metals, inorganic minerals and chemicals that are unsuitable for 
human consumption and studies have demonstrated that the release of untreated 

or partially treated effluents into water bodies has significant effect on aquatic 

life as well as human health, especially consumers of seafood (Naylor et al., 

2000; Rose et al., 2001; Olalemi et al., 2016).  

There are increased interests in the application of quantitative microbial risk 

assessment (QMRA) to estimate the risk and severity of the illnesses associated 
with pathogens, their infectivity and population exposed to microbially 

contaminated surface waters including ponds (Wuertz et al., 2011). The total 

coliform group are microorganisms that can survive and proliferate within the 
water environment and they include several species of the Enterobacteriaceae 

family. These bacteria are found in the gastrointestinal tract of humans and non-

humans. E. coli serves as a true classical indicator of faecal pollution, although its 
survival and persistence in the environment is limited. Intestinal enterococci form 

a sub-group of the larger faecal streptococci group and are well known for their 

association to faecal pollution (Somaratne and Hallas, 2015). The presence of 
faecal coliforms in the flesh and gastrointestinal tract of fish demonstrates the 

level of faecal contamination of their overlying waters. Faecal coliforms may 

gain access into ponds through direct discharge of faecal wastes from mammals, 
aquatic animals, birds, agriculture, storm, runoff, human sewage, combined 

sewer overflow, heavy flood or erosion. Pets, especially dogs, can contribute to 

faecal contamination of the overlying waters in ponds. Birds such as swans, 

geese, seagulls and other waterfowl can be a significant source of elevated faecal 

coliform count in ponds (Doyle and Erickson, 2006). 

Generally, bacterial pathogens associated with ponds are classified as indigenous 
and non-indigenous. The non-indigenous contaminate the ponds through point or 

non-point sources e.g., E. coli, Clostridium botulinum, Shigella dysenteriae, 
Staphylococcus aureus, Listeria monocytogens and Salmonella. The indigenous 

are found naturally in ponds e.g., Aeromonas species. Urbanization in cities in 

most low-income countries has resulted in the concentration of large population 
in some areas living under poor sanitation conditions (Olade, 1987). This 

invariably has led to increased waste generation with heaps of waste everywhere. 

During rainfall, some of these wastes are washed into the poor drainage systems 
and subsequently into nearby rivers and ponds. The changes in nutrient levels and 

bacteriological properties can directly affect aquatic and human activities when 

such water is discharged to lakes, streams and rivers. The prevention of excessive 
input of the nutrients is hardly achievable since most originate from non-point 

sources. Oxygen depletion is often associated with such excessive input of 

nutrients and it leads to increased organic matter production in lakes or ponds. 
The microflora present in ponds may change to pathogenic microorganisms as a 

result of influx of large number of opportunistic pathogenic organisms from point 

source pollution (Njoku et al., 2015). 
This study was aimed at determining the fate, occurrence and survival of 

bacterial faecal pollution markers in an earthen fish pond in Akure, Nigeria and 

to examine the effect of seasonality as well as physicochemical characteristics on 
the levels of the faecal pollution markers. This hazard evaluation is an important 

step in preventing and managing human waterborne and/or foodborne illnesses 

(such as gastroenteritis) that may occur as a result of contact with the faecally 
impacted overlying waters or consumption of Clarias gariepinus raised in such 

waters. 

 

MATERIAL AND METHODS 

 

Sampling site and collection of samples 

 

The sampling site was situated within the Federal University of Technology, 

Akure, Obakekere campus. The site contains a characteristic swamp, water ways, 

This study was carried out to examine the sanitary quality of overlying waters in an earthen pond containing African catfish (Clarias 

gariepinus) in both wet and dry seasons. Water samples were collected twice weekly at different times of the day (i.e., morning and 

afternoon) from the earthen pond in Akure, Nigeria in August, September 2016, and February, March 2017 (n=48). Levels of faecal 

indicator bacteria were determined using membrane filtration method and physicochemical properties (such as temperature, pH, salinity 

etc.) of the overlying water samples were determined using standard methods. The results revealed that the concentration of E. coli in 

the overlying waters ranged from 0.78 to 1.40 Log10 CFU 100 ml-1 in morning samples and 0.85 to 1.38 Log10 CFU 100 ml-1 in 

afternoon samples while the concentration of faecal coliforms in the overlying waters ranged from 1.30 to 1.86 Log10 CFU 100 ml-1 in 

morning samples and 1.26 to 1.88 Log10 CFU 100 ml-1 in afternoon samples. Faecal coliforms showed the highest prevalence in both 

seasons compared to E. coli and intestinal enterococci and their levels were greater in the wet periods than the dry periods. The findings 

from this study suggest that the sources of faecal contamination of the overlying waters in the earthen pond originate mainly from non-

human sources and the adoption of microbial source tracking techniques would further elucidate the appropriate management and 

mitigation strategies to control faecal contamination of the overlying waters in the earthen pond especially for human health protection. 
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vast plains with high biodiversity of plants. The earthen pond is affected by 
fluctuating faecal input from farm animals such as cattle and sheep grazing in 

around the pond as well as from birds feeding on certain aquatic organisms in the 

pond. It is also affected by diffuse pollution from runoffs during storm events. 
Sampling activities were carried out twice weekly over a period of twelve weeks 

in August, September, 2016 (wet period) and February, March, 2017 (dry 

period). On each sampling occasion, a grab sample of approximately one litre of 
overlying water was collected at a depth of about 20 – 30 cm in a pre-sterilised 

plastic bottle in accordance with standard protocol (Anon. 2012). Water samples 

were collected in the morning within the hours of 8 and 10 am and in the 
afternoon within the hours of 12 and 3 pm. The overlying water samples were 

transported to the laboratory in a cool box with ice packs and processed 

immediately within less than one hour. 

 

Enumeration of E. coli in the overlying water samples 

 
The concentrations of E. coli in overlying waters were determined using the 

membrane filtration method (ISO 9308-1) (Anon. 2014). The membrane filters 

were placed on freshly prepared selective media (MLSA and EMB). Agar plates 

were incubated at 37 ⁰C for 24 hours, and colonies were counted, and then 
concentrations were calculated and expressed as colony-forming units (CFU) 100 

ml-1 of water. 

 

Enumeration of faecal coliforms in the overlying water samples 

 

The concentrations of faecal coliforms in overlying waters were determined using 
the membrane filtration method (ISO 9308-1) (Anon. 2014). The membrane 

filters were placed on freshly prepared selective media (m-FC). Agar plates were 

incubated at 44 ⁰C for 24 hours (m-FC), and colonies were counted, and then 
concentrations were calculated and expressed as colony-forming units (CFU) 100 

ml-1 of water. 

 

Enumeration of intestinal enterococci in the overlying water samples 

 
The concentrations of intestinal enterococci in overlying waters were determined 

using the membrane filtration method (ISO 7899-2) (Anon. 2000). The 

membrane filters were placed on freshly prepared selective media (m-Ent). Agar 

plates were incubated at 37 ⁰C for 48 hours (m-Ent), and colonies were counted, 
and then concentrations were calculated and expressed as colony-forming units 

(CFU) 100 ml-1 of water. 

 

Determination of the physicochemical properties of the overlying water 

samples 

 
The physicochemical properties of the overlying water from the earthen pond 

were measured using standard methods (Anon. 2012). These include temperature 

(Celsius), pH, electrical conductivity (micro Siemens per centimetre), alkalinity 
(milligrams per litre), turbidity (nephelometric turbidity units), total dissolved 

solids (milligrams per litre), dissolved oxygen (milligrams per litre) and salinity 

(parts per thousand).   

 

Statistical analysis 

 
Data were transformed to log10, then examined using general descriptive statistics 

and checked for normality using the skewness and kurtosis statistic. Analysis of 

variance and test of significance using Duncan’s new multiple range test were 
undertaken using Statistical Package for Social Sciences (SPSS) Version 20.0, 

and all data were subjected to the Pearson’s correlation analysis to determine 

whether there were positive correlations between the concentration of the faecal 
pollution markers and physicochemical properties of the overlying waters from 

the earthen pond. 

 

RESULTS AND DISCUSSION 

 

Detection of E. coli in the overlying water samples 

 

The mean concentration of E. coli in the overlying waters from the earthen pond 
ranged from 0.78 to 1.40 log10 CFU 100 ml-1 for morning samples and 0.85 to 

1.38 log10 CFU 100 ml-1for afternoon samples. In general, the concentration of E. 

coli in the overlying waters appeared to be higher in samples collected in the 
morning (54%) compared to those collected in the afternoon (30%) and appeared 

to be higher during the dry periods compared to the wet periods (Figure 1).  

 

 
 

Figure 1 Mean concentration of E. coli in water samples collected from the 

earthen pond over the period of study (n = 48)  

 

Detection of faecal coliforms in the overlying water samples 

The mean concentration of faecal coliforms in the overlying waters from the 

earthen pond ranged from 1.30 to 1.86 log10 CFU 100 ml-1 for morning samples 

and 1.26 to 1.88 log10 CFU 100 ml-1for afternoon samples. The concentration of 

faecal coliforms in the overlying waters appeared to be higher in samples 

collected in the afternoon (84%) compared to those collected in the morning 
(16%) and appeared to be higher during the wet periods compared to the dry 

periods (Figure 2). 

 
 
Figure 2 Mean concentration of faecal coliforms in water samples collected from 

the earthen pond (n = 48) 

 

Detection of intestinal enterococci in the overlying water samples 

 

The mean concentration of intestinal enterococci in the overlying waters from the 
earthen pond ranged from 1.00 to 1.38 log10 CFU 100 ml-1 for morning samples 

and 0.60 to 1.40 log10 CFU 100 ml-1for afternoon samples. The concentration of 

intestinal enterococci in the overlying waters appeared to be higher in samples 
collected in the morning (58%) compared to those collected in the afternoon 

(38%) and appeared to be higher during the wet periods compared to the dry 

periods (Figure 3). 
 

 
 

Figure 3 Mean concentration of intestinal enterococci in water samples collected 
from the earthen pond (n = 48) 
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Seasonality of faecal indicator bacteria in the overlying water samples 

 

In this study, two seasons were considered, that is, wet (August and September, 

2016) and dry (February and March, 2017). The concentration of faecal coliforms 
and intestinal enterococci were higher in overlying water samples collected 

during the wet period compared to those collected during the dry period. 

Contrarily, the concentration of E. coli was higher in overlying water samples 
collected during the dry period compared to those collected during the wet period 

(Figure 4). Faecal coliforms showed the highest prevalence in both seasons 

compared to E. coli and intestinal enterococci. In addition, there were statistically 
significant differences in the mean concentrations of E. coli, faecal coliforms and 

intestinal enterococci (P < 0.05) in the overlying waters from the earthen pond in 

morning and afternoon samples during both seasons. 

 

 
 

Figure 4 Boxplot of seasonality of faecal indicator bacteria in water samples 

collected from the earthen pond during wet and period 

 

 

 

 

 

 

Physicochemical properties of the overlying water samples 

 

The temperature of the overlying waters from the earthen pond ranged from 20 to 

30 ˚C for morning samples and 21 to 30 ˚C for afternoon samples, while the 
amount of dissolved oxygen ranged from 7.62 to 14.25 mg/l for morning samples 

and 7.09 to 16.00 mg/l for afternoon samples. The pH values ranged from 6.0 to 

8.2 for morning samples and 6.0 to 7.3 for afternoon samples whereas turbidity 
values ranged from 3.0 to 8.2 NTU for morning samples and 3.0 to 7.4 NTU for 

afternoon samples. The total dissolved solids ranged from 124 to 220 mg/l for 

morning samples and 125 to 230 mg/l for afternoon samples, while the values of 
electrical conductivity ranged from 176 to 360 µS/cm for morning samples and 

170 to 380 µS/cm for afternoon samples. Salinity ranged from 130.0 to 142.5 ppt 

for morning samples and 129.6 to 145.5 ppt for afternoon samples whereas 
alkalinity ranged from 55 to 98 mg/l for morning samples and 30 to 99 mg/l for 

afternoon samples (Table 1). In addition, mean values of turbidity, pH, dissolved 

oxygen and alkalinity were observed to be slightly higher during wet period than 
dry period, whereas those of temperature, total dissolved solids and salinity were 

higher during dry period than wet period. However, the mean values of electrical 

conductivity exhibited no statistical difference in both wet and dry periods.  

 

Relationship between faecal indicator bacteria and physicochemical 

properties of the overlying water samples   

The relationships between the concentrations of E. coli, faecal coliforms, 

intestinal enterococci and those of the physicochemical properties of the 

overlying waters from the earthen pond were analysed using Pearson’s 
correlation coefficient (Table 2). The concentration of faecal coliforms in the 

overlying waters showed a positive correlation with the level of turbidity of the 

waters (r = 0.51), whereas the concentration of E. coli in the overlying waters 
showed a negative correlation with turbidity (r = -0.52). Similarly, the 

concentration of E. coli in the overlying waters showed a negative correlation 

with those of faecal coliforms (r = -0.99). Furthermore, the values of dissolved 
oxygen in the overlying waters exhibited negative correlations with those of 

temperature (r = -0.61), salinity (r = -0.50) and total dissolved solids (r = -0.50), 

whereas the values of salinity of the overlying waters showed a positive 
correlation with those of total dissolved solids (r = 0.89).  

Table 1 Physicochemical characteristics of overlying water samples from the earthen pond over the period of study 

Physicochemical parameters  Morning samples   Afternoon samples   

Temperature (˚C)   23.21 ± 2.95 (20.00-30.00)  26.21 ± 2.65 (21.00-30.00)  
Dissolved oxygen (mg/l)  10.01 ± 2.48 (7.62-14.25)  10.43 ± 2.88 (7.09-16.00)  

pH    6.75 ± 0.66 (6.00-8.20)  6.57 ± 0.47 (6.00-7.30)  

Turbidity (NTU)   4.70 ± 1.69 (3.00-8.20)  4.16 ± 1.45 (3.00-7.40) 

Total Dissolved Solids (mg/l)  150.50 ± 31.18 (124.00-220.00)  154.58 ± 34.68 (125.00-230.00)  

Electrical conductivity ×102 (µS/cm) 2.52 ± 0.46 (1.76-3.60)  2.46 ± 0.64 (1.70-3.80) 

Salinity (ppt)   133.94 ± 3.67 (130.00-142.50)  134.18 ± 4.48 (129.60-145.50)  

Alkalinity (mg/l)   88.88 ± 9.64 (55.00-98.00)  79.92 ± 21.08 (30.00-99.00)   

Legend: Values are expressed as Mean ± Standard Deviation (n = 24) (Range: Minimum - Maximum) 

 

Table 2 Significant Pearson’s correlation coefficient (r) between faecal indicator bacteria and the physicochemical characteristics of the overlying water samples  

from the earthen pond over the period of study 

  Temp. pH  SAL ALK TDS DO EC  TUR E. coli  FC  IE  

Temp.  1.00 
pH  -0.32 1.00  

SAL  0.42 -0.24 1.00 

ALK  -0.07 0.15 0.02 1.00 
TDS  0.30 -0.23 0.89 -0.15 1.00 

DO  -0.61 0.43 -0.50 0.23 -0.50 1.00 

EC  -0.01 0.21 -0.12 -0.08 -0.07 0.10 1.00 
TUR   0.06 -0.01 0.15 -0.01 0.19 -0.03 0.25 1.00 

E. coli  -0.09 0.13 -0.14 0.08 -0.17 0.38 0.19 -0.52 1.00 

FC  0.07 -0.13 0.16 -0.10 0.19 -0.36 -0.18 0.51 -0.99 1.00 

IE  -0.14 0.23 -0.14 0.16 -0.06 0.28 0.08 0.15 -0.45 0.44 1.00 

Legend: Temp. – Temperature; SAL – Salinity; ALK – Alkalinity; TDS – Total dissolved solids; DO – Dissolved solids; EC – Electrical conductivity;  
TUR – Turbidity; FC – Faecal coliforms; IE – Intestinal enterococci. Bold values signifies positive correlation. 

 

Table 3 Skewness and Kurtosis, standard normal cumulative distribution values based on log10 transformed concentration of faecal indicator bacteria in the  
overlying waters from the earthen pond over the period of study 

Faecal indicator bacteria  Skewness Kurtosis Standard Normal Cumulative Distribution (Z value) Normal Distribution    

E. coli   -0.572 -0.960  0.903    Yes 
Faecal coliforms  0.571 -1.015  0.961    Yes 

Intestinal enterococci  -0.745 -0.449  0.910    Yes 

 

This study investigated the fate, occurrence and distribution pattern of E. coli, 
faecal coliforms and intestinal enterococci in overlying waters from an earthen 

pond containing African catfish (Clarias gariepinus) in Akure, Nigeria and 

examined the effect of seasonality and physicochemical properties of the 
overlying waters on the levels of the bacterial faecal pollution markers. This 

hazard evaluation of the sanitary quality of the overlying waters in the earthen 
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pond is an important step in preventing and managing human waterborne and/or 

foodborne illnesses (such as gastroenteritis) that may occur as a result of contact 

with the faecally impacted overlying waters or consumption of Clarias 
gariepinus raised in such waters. The standard normal cumulative distribution 

values showed that levels of E. coli, faecal coliforms and intestinal enterococci in 

the overlying waters were approximately normally distributed throughout the 
period of study (Table 3). This is similar to the observation of Eze and Ogbaran 

(2010) who examined microbiological and physicochemical characteristic of fish 

pond water in Ughelli, Nigeria. 
The mean concentration of E. coli in the overlying waters that appeared to be 

higher in samples collected in the morning compared to those collected in the 

afternoon may be as a result of direct faecal input from farm animals such as 
cattle and sheep grazing in around the pond early in the morning as well as from 

birds feeding on certain aquatic organisms in the pond. It may also be due to the 

poultry manure fed into the pond to serve as food for the Clarias gariepinus. The 
reduction in the levels of E. coli in the afternoon may be as a result of ultraviolet 

radiations from the sun which have been described as a major factor influencing 

the inactivation of bacteria of enteric origin in waters (Chandran and Hatha, 

2003, Olalemi et al., 2016). The mean concentration of E. coli appeared to be 

higher during the dry periods compared to the wet periods and this may not be 

unconnected with levels of turbidity that were lower in dry period than the wet 
period. In this study, the levels of E. coli demonstrated an inverse relationship 

with turbidity of the overlying waters (r = -0.52) i.e., the lower the turbidity 

during dry periods the higher the levels of E. coli.   
On the other hand, the mean concentration of faecal coliforms in the overlying 

waters that appeared to be higher in samples collected in the afternoon compared 

to those collected in the morning may likely be due to the fact that faecal 
coliforms consist of several species of the Enterobacteriaceae family that grow 

and proliferate at optimum temperature and this is achieved in the afternoon 

when temperature rises. The temperature obtained in this study ranged from 20 – 
30 ˚C and this is very similar to the observation of Ntegwu and Edema (2008) 

and within the limit that supports fish productivity. The higher values of faecal 

coliforms during wet period compared to the dry period may be as a result of 
increased rainfall and increased pollution from both point and diffuse sources that 

include runoff from agricultural land following storm events, carrying faecal 

matter into the pond and increasing the level of microbial pathogens (Wilkes et 

al., 2013). The level of turbidity in dependent of factors such as the presence of 

humic substances produced through decomposition of certain organic matter and 

intensity of suspended soil particles (Njoku et al., 2015). In this study, faecal 
coliforms in the overlying waters showed a positive correlation with the level of 

turbidity of the overlying waters (r = 0.51) i.e., the higher the turbidity especially 
during wet periods the higher the level of faecal coliforms. This observation is in 

agreement with Mallin et al. (2000) where the authors observed that turbidity 

correlated positively with levels of enteric bacteria in a system of coastal creeks. 
Interestingly, the concentration of intestinal enterococci in the overlying waters 

from the earthen pond were higher in samples collected in the morning compared 

to those collected in the afternoon and this may likely be as a result of higher rate 
of faecal contamination of the overlying waters from point sources in the 

morning. Similar to levels of faecal coliforms, the concentrations of intestinal 

enterococci were higher during the wet periods compared to the dry periods. This 
may be due to the slightly positive correlation between intestinal enterococci and 

faecal coliforms (r = 0.44) in the overlying waters from the earthen pond.  

In this study, the Pearson’s correlation coefficient demonstrated that the 
concentration of E. coli in the overlying waters showed a negative correlation 

with those of faecal coliforms (r = -0.99). Dissolved oxygen is important in 

aquaculture and reduces as a result of increase in water temperature, respiration 
and organic matter decomposition by aerobic aquatic organisms (Eze and 

Ogbaran, 2010). Although, the minimum amount of dissolved oxygen for 

tropical fish should be 5 mg/l (Saloom and Duncan, 2005), the high levels of 
dissolved oxygen obtained in this study may be as a result of photosynthetic 

activities of primary producers that include a high biodiversity of plants in the 

earthen pond. The values of dissolved oxygen in the overlying waters from the 
earthen pond exhibited negative correlations with those of temperature (r = -

0.61), salinity (r = -0.50) and total dissolved solids (r = -0.50), whereas the values 

of salinity of the overlying waters showed a positive correlation with those of 
total dissolved solids (r = 0.89). The values of pH observed in this study is in 

agreement with many previous studies emphasizing that pH between 6 and 9 are 

basic requirement for increased fish production (Ehiagbonare and Ogunrinde, 

2010).  Stome and Thomforde (2003) had also reported that the desirable range 

for pond pH is 6.5 – 9.5 and acceptable range is 5.5 -10.0 in order to maintain 

good pond productivity and fish health. It is interesting to note that the findings 
from this study is in agreement with Ntengwe and Edema (2008) where the 

authors examined the physicochemical and microbiological characteristics of 

water for fish production using small ponds. Although, the results from this study 
are in contrast with what is obtainable in surface waters such as streams or rivers 

where there is continuous flow of water at certain velocity and constant dilution.  

   

 

 

 

CONCLUSION 

 

The findings from this study suggests that the fate, occurrence and survival of 
bacterial faecal pollution markers in the earthen pond were influenced to a large 

extent by environmental factors and that seasonality played a major role in the 

levels of observed faecal pollution markers. Results also suggest that the sources 
of faecal contamination of the overlying waters in the earthen pond originate 

mainly from non-human sources and the adoption of microbial source tracking 

techniques would further elucidate the appropriate management and mitigation 
strategies to control faecal contamination of the overlying waters in the earthen 

pond especially for human health protection. 
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