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ABSTRACT 

The United States Environmental Protection  Agency (USEPA) set limit of 200 faecal coliforms/ 

100ml for bacterial contamination of surface water has frequently been exceeded due to 

agricultural runoff as nonpoint pollution. The study evaluated the effects of cattle rearers and or 

farmers, and cattle rearing on faecal contamination of water from River Sokoto. Water samples 

from six designated points on River Sokoto were assessed on monthly basis for faecal coliform and 

faecal streptococci from January to December, 2014 using faecal coliform/faecal streptococci ratio 

(FC/FS). The six points studied were namely P1, a point 5 metres away from farmland; P2, a point 

close to farmland; P3, a point close to residents along the riverside; P4, a point on stream 

drainage immediately from Sokoto Cement factory; P5, a point on the stream close to the river and 

P6, a point 5 metres away on the river. Very high mean concentrations of FC and FS were 

recorded at all sampling points with values exceeding surface water standards of 200 faecal 

coliform/100ml. While the highest mean FC value of 18,525 MPN/100ml (29.1%) was recorded at 

P3, the least value of 7,592 MPN/100ml (11.9%) was obtained at P2. Mean FS was recorded 

highest (2,350 MPN/100ml) at P5 (21.8%) and lowest (625 MPN/100ml) at P4 (5.8%). Mean 

FC/FS ratios of sampled water P1, P5 and P6 were < 4 (3.78, 3.95 and 3.95 respectively) 

indicating domestic animal contamination. However, P4 had the highest mean FC/FS ratio > 4 

(11.53) indicating human contamination; P2 and P3 also had values > 4 (5.66 and 7.34 

respectively) also pointing to human contamination. The FC/FS ratio identified domestic animal 

contamination sources but did not differentiate between domestic animal and human sources of 
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contamination. Thus the limitatation of its use more as a regulatory tool than a diagnostic tool in 

identifying contamination sources. 

© 2015 Pak Publishing Group. All Rights Reserved. 
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Contribution/ Originality 

This study contributes in the existing literature by ascertaining the use of faecal coliforms and 

faecal streptococci ratio in the determination of sources of contamination of surface water for good 

water quality.  

 

1. INTRODUCTION 

While E. coli can be useful for predicting the possible presence of faecal contamination in 

water via spatial/temporal distribution studies [1] it does not provide any indication as to the source 

of pollution. In order to apply effective remediation practices for water bodies impaired by faecal 

contamination, the sources must be identified [2]. This has led to much research and investment in 

recent years into the field of source attribution, a suite of discriminatory methods which have the 

potential to distinguish host sources [2-6]. Physical condition assessments are also appropriate for 

assessing pollutant loading to rivers and streams [7]. 

Faecal coliform (FC), Faecal streptococci (FS), and Escherichia coli (E. coli) are bacteria 

living in the intestinal tracts of human and other vertebrates. They are deposited through faecal 

waste into the environment where they cause contamination of surface water and groundwater 

resulting in chronic water-borne infections. Water-borne diseases range from mild to severe and 

some can be deadly. Many of these diseases are transmitted by faecal contact. Water contaminated 

with faecal wastes are unsafe for contact recreation and drinking [8]. 

Bacteriological examination of water samples which is usually carried out is to estimate the 

level of faecal pollution and the presence of other pathogenic organisms that could be harzadous to 

man and animals. This exercise could be expensive and at the same time laborious. And that is why 

it could not be a routine practice. Bacteria in the intestines of vertebrates have majorly been used as 

indicators of faecal pollution. Total coliforms, faecal coliforms, and faecal streptococci have all 

been used as pollution indicators at various times [9, 10] Pathogenic microorganisms found in non-

treated wastewater have the ability to reproduce easily due to the large amount of available 

nutrients, thereby affecting the environment and presenting a great risk to health [11, 12]. 

Watershed characteristics, land use management, and the proximity of domestic animals to 

streams play an important role in the severity of faecal contamination [13]. Cattle grazing increases 

faecal coliform in agricultural runoff compared with background faecal coliform levels [13-15]. 

Grazing animals mostly wild, contribute high background counts of faecal coliforms and faecal 

streptococci to waterways [16]. While health risk from human sewage has been well established 

[17] the risk associated with domestic, agricultural or wild animal faeces is less clearly defined 
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[18]. Outside of additional epidemiological studies at water bodies solely impacted by animal 

sources, a direct approach for monitoring and identifying pathogens in water would be of benefit in 

safeguarding public health [19, 20]. To properly assess fecal contamination of a site, it is necessary 

to identify the contamination source. 

Geldreich, et al. [21] first suggested the use of an FC to FS ratio as a more valuable 

informational tool for assessing pollution sources than the use solely of FC densities. Geldriech 

[22] suggested that the fecal coliform/fecal streptococci ratio (FC/FS) could be used to differentiate 

between contamination from human (FC/FS > 4), domestic animal (FC/FS between 0.1 and 0.6), 

and wild animal (FC/FS < 0.1) sources. Mean FC/FS ratio has been used to characterize some sites  

[23, 24]. The frequency of FC/FS ratios representative of each contamination source has also been 

used [25]. While the FC/FS ratio is no longer recommended as a stand-alone source tracking 

method, traditional and/or alternative indicators, employed in tandem with this technique, may 

provide more useful information [26]. It is, therefore, very important to understand the assumptions 

and limitations associated with each faecal source tracking tool and its application.  

In this vein, the effects of cattle rearing and cattle rearers/farmer on faecal contamination of 

water from River Sokoto were evaluated to determine the quality of the water for the safety of the 

users. 

 

1.1. Study Area 

The study area on  River Sokoto is adjacent to Kalambaina industrial area of the metropolis. 

This area harbours factories such as cement, aluminium, foam, fertilizer and tanning industries. 

Residents along the bank of the river farm crops such as vegetables and use water from the river to 

irrigate them. People in this area also rear animals.  

 

2. MATERIAL AND METHODS 

Water samples from six different points namely P1, P2, P3, P4, P5 and P6 on River Sokoto 

were analysed on monthly basis for faecal coliform and faecal streptococci from January to 

December, 2014. Water samples for the analysis were collected in dry heat sterilized 100 ml amber 

bottles and immediately tranported to the laboratory for analyses in an ice-box. All samples were 

analyzed for concentrations of faecal coliform and faecal streptococcus by the multiple- tube 

dilution technique using Most Probable Number (MPN) method [27]. 

In order to do faecal coliform count, ten-fold serial dilutions of water samples were prepared in 

distilled water. 1ml, 0.1ml and 0.01ml of each dilution were aseptically transferred to quintuplicate 

of 10ml sterile Lauryl tryptose broth fermentation tubes already containing inverted Durham tubes. 

Afterwards, the tubes were examined for accumulation of gas in the Durham tubes after 24 to 48 

hours of incubation at 35
0
C. This conludes presumption test for coliform. Subsequently, 

confirmation test was carried out on all primary fermentation tubes indicating gas accumulation in 

Durham tubes after 24 to 48 hours. The tubes were gently shaken and one loopful of culture was 

transferred to a fermentation tube containing 10ml of Brilliant Green lactose broth with inverted 
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Durham tubes. The tubes were incubated at 35
0
C for 48 hours. Formation of gas in the inverted 

tubes confirmed coliform group. One loopful of culture from the confirmed test was taken and 

placed in the EC medium containing inverted Durham tubes and incubated in a water bath at 

44.5
0
C for 24 hours. Accumulation of gas in the inverted tubes confirmed the presence of faecal 

coliforms. [27]  

In order to do faecal streptococci count, serial dilutions of water samples were made in 

distilled water from 10
-1

 to 10
-3

. One milliliter (1ml) and 0.1ml of each dilution were aseptically 

transferred to quintuplicates of 10ml aliquots of sterile Azide dextrose broth and incubated at 35
0
C. 

The tubes were examined for turbidity in 24 to 48 hours. Tubes showing turbid growth were 

confirmed by streaking on Aesculin-azide agar and incubated at 35
0
C for 24 hours. All plates 

having brownish-black colonies with brown halo confirmed the presence of faecal streptococci. 

Negative catalase test further confirmed faecal streptococci. 

Standard tables for computation of Most Probable Number were used to estimate faecal 

coliform and faecal streptococci and the results were reported as MPN/100ml. The actual values of 

the bacteria in the water  were obtained by multiplying by the dilution factors. 

 

3. RESULTS AND DISCUSSION 

Industrial effluents, domestic wastes and agricultural runoff  majorly constitute channel 

through which surface water gets contaminated. The water bodies therefore become pathogen laden 

and such water becomes hazardous to man and animal. However, sewage is treated prior to 

discharge into streams or rivers. In order to determine the concentrations and ratios of FC and FS in 

River Sokoto, the industrial area adjacent to the river where farming and animal rearing also being 

practice was chosen. 

It was shown in the  results that the mean Faecal coliform (FC) and Faecal Streptococci (FS) 

counts were extremely high at all sampling sites and above surface water standards of 200 faecal 

coliforms/100 ml (Table 1; Fig. 1). Various activities such as bathing [28] human defaecation and 

animal defaecation observed around the sampled area might be responsible for this. Faecal bacteria 

are normally found in manure deposits, but there is need for a factor such as rainfall to move faecal 

bacteria through soil into streams and river [29].  

Highest mean FC count (18,525 MPN/100ml) was recorded at P3 (29.1%) and lowest (7,592 

MPN/100ml) at P2 (11.9%) as shown in Table 1 and Fig 1. Highest mean FS (2,350 MPN/100ml) 

was similarly obtained at P5 (21.8%) and lowest (625 MPN/100ml) at P4 (5.8%) as shown in Table 

1 and Fig 1. High values of FC and FS recorded in this work was in accordance with the work done 

by Kulshrestha and Sharma [28] and may be as a result of various activities like defaecation 

(human and animal) at the sampling area. Sampled water from points P1, P5 and P6 were found to 

have mean FC/FS ratio less than four (3.78, 3.95 and 3.95 respectively) indicating domestic animal 

contamination (Table 2; Fig 2). Highest mean FC/FS ratio greater than four (11.53) was recorded at 

P4 which is an indication of human contamination. Stream P4 was highly polluted possibly because 

of the bad habit of farmers along the stream deaecating on their farmlands. The preliminary survey 
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of the study area has shown that farmers defeacate on their farmlands. Similarly, points P2 and P3 

with 5.66 and 7.34 values greater than four also indicated human contamination (Table 2; Fig 2). 

Conclusively, the FC/FS ratio as a tool identified sources of contamination of domestic animal but 

did not differentiate between domestic animal and human sources of contamination. 

 

Table-1.Different Levels of Mean Concentration and Percentage of FC and FS from six sampling points on River Sokoto 

Sampling Points FC 

(MPN/100ml) 

FS 

(MPN/100ml) 

% FC % FS 

P1 8042 2140 12.6 19.9 

P2 7592 1512 11.9 14.0 

P3 18525 1997 29.1 18.5 

P4 8175 623 12.9 5.8 

P5 10650 2350 16.7 21.8 

P6 10658 2150 16.8 20.0 

Total 63642 10772 100 100 
 

Key 

FC = Faecal coliform and FS = Faecal streptococci 

 

Table-2. Different Ratios of Faecal Coliform and Faecal Streptococci at six sampling points on River Sokoto on monthly 

basis 

 FC/FS Ratio at Sampling Sites 

Month P1 P2 P3 P4 P5 P6 

January 6.45 4.35 10.83 13.00 5.00 9.68 

February 6.21 4.50 11.89 15.00 5.47 10.00 

March 6.67 4.74 12.25 18.33 5.44 9.26 

April 3.75 8.10 2.83 9.38 3.40 3.62 

May 6.03 6.25 8.28 12.50 1.39 1.31 

June 1.03 3.78 10.00 7.69 6.15 2.28 

July 1.11 3.00 10.00 8.00 6.00 2.10 

August 2.50 6.25 8.00 11.25 2.00 1.50 

September 2.14 7.33 6.67 10.67 2.50 1.64 

October 2.50 6.90 7.14 12.50 3.00 1.80 

November 2.75 5.71 5.60 11.00 3.00 2.00 

December 4.20 7.00 4.58 9.00 4.00 2.17 

Mean 3.78 5.66 7.34 11.53 3.95 3.95 
 

Key 

FC = Faecal coliform and FS = Faecal streptococci 

 

 
Fig-1. FC and FS (MPN/100ml) at various sampling points on River Sokoto 
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Fig-2. FC: FS Ratio at various sampling points on River Sokoto 

 

4. CONCLUSION 

The results of this study, to a large extent showed high concentrations of FC (18,525 MPN/100 

ml) and FS (2,350 MPN/100 ml). Very high ratio of FC: FS (11.53) was also determined in the 

sampled waters of River Sokoto. Thus, inadequate treatment of sewage/effluent will always result 

in the discharge of FC and FS far in excess of the allowable limits with the FC: FS ratio above 4.0. 

It should however be emphasized that the FC/FS ratio could mostly be used as a regulatory tool 

rather than a diagnostic tool in the  identification of contamination sources. 

 

5. RECOMMENDATION 

It is recommended that further research should be done on this topic to further explore sources 

of Faecal Coliforms and Faecal Streptococci in our environment to better evaluate the water quality 

of our streams and rivers. 
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