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ABSTRACT 

Water and soil samples were taken for analyses from Ikogosi Warm Spring and for purposes of comparison analyses were made of 
the adjoining cold stream, mixture of warm and cold water and their intersect. All water samples were tasteless and odourless; all 
cold and warm had clear appearance; intersect was turbid as well as one of mixture samples; conductivity (µmS/cm) was low (0.5 x 
100, cold; 1.5 x 100, warm), temperature was close (25-26, cold to 34-35O C, warm). Alkalinity, hardness, total solid, PO 4

2- and SO4
2- 

were all far below the WHO guideline values. NO3
- range was 24-76 ppm, very much above the limit of 10 mg/litre of the WHO. 

Average ranges of the minerals in water were (ppm): Fe 3. 1-6.1, Zn 2.0-2.7, Mn 9.1-11.9, Cu (ND), Mg 7.9-21.0, Na 4.6-6.2, Ca 9.4-
13.1, Pb (ND), K 3.0-9.2, Cr (ND), CI 30.8-56.9, Ni (ND). Fe and Mn might affect the aesthetic value of the water. In soils, mineral 
ranges were (ppm): Fe 0.3-0.5, Zn 0.27-0.37, Mn 0.05-0.3, Cu 0.04-0.06, Mg 1.11-1.4, Na 1.19-1.4, Ca 0.87-1.3, Pb 0.22-0.29, K 1.13-
1.5, Cr 0.03-0.08, CI 0.007-0.02, Ni 0.03-0.044; the soils would serve as reservoirs for Pb, Cr and Ni. MPN in 100 ml of water ranged 
as follows: 4-250 (cold), 1-40 (warm), 1.0 (intersect), 12-1600 (mixture). Bacteria majorly found in water samples were Escherichia 
coli and Aerobacter aerogenes while the fungi in the soils were mostly Aspergillus niger. Water would be unsafe microbiologically for 
human consumption. 

Keywords: Ikogosi Warm Spring, adjoining cold stream, Physico-chemical and microbiological analysis. 

 
INTRODUCTION 

The small town of Ikogosi-Ekiti in Ekiti State in Western 
Nigeria is situated between lofty, steep-sided and heavily-
wooded, north-south trending hills about 27.4 km east of 
Ilesha (Osun State) , and about 10.5 km southeast of Effon 
Alaye (also in Ekiti State). It is located just north of the 7o 
35'N latitude and slightly west of the 5o 00' E longitude. 
The elevation of the general area is between 457.0-487.5 
m1. 

The Ikogosi Warm Spring is located about 1.61 km west of 
Ikogosi town. A Rest Camp has been built near the spring 
by the Baptist Mission. The mission has developed the 
spring for domestic use and constructed a swimming pool 
for recreational purposes1. At Ikogosi Warm Spring, warm 
and cold springs ooze out of hills from different sources, 
flow side by side and meet-the first of such occurrence in 
the whole world. The natural quiet environment is left 
untouched for eco-tourism appeal2. 

Natural water supply is very plenty in Ekiti State, which 
has several water schemes [Ero dam, Little Osse (Egbe) 
dam, Itapaji dam, Ado waterworks, Ikere artesian well 
and mini water schemes at Efon, Okemesi, Igbara-Odo 
and Ido-Ajinare] but none is working effectively owing to 
lack of electricity, obsolete equipment or inadequate 
water pipelines. Therefore, access to potable water is 
poor and this is the major cause of water-borne disease in 
Ekiti State of Nigeria. Access to potable water will 
improve health thereby reducing child and adult mortality 
and healthcare cost 3. 

 

The 1991 National Census puts the population of Ekiti 
State at 1,647,822 2. At present, potable water production 
per annum is 20,000 M3 3. 

Rogers et al. 1 have described the geological setting of the 
spring and its physical and chemical properties discussed 
in relation to that of the surrounding rocks. A provisional 
check list of organisms inhabiting the spring is also 
included. In this present study, samples of soil sediments 
and water were taken for comparative analyses at three 
different spots for the cold stream, four different spots 
for the warm spring, one spot for the intersect of warm 
and cold water; and three spots for the mixture. 
Parameters evaluated for were physico-chemical 
characteristics of the water samples, mineral levels of 
water and soil sediments, estimated number of bacteria 
of the coilform group present in 100 ml of water sample, 
and isolated micro-organisms (bacteria and fungi) from 
water and related cold and warm soils. The spring was 
selected for study because of the interest which 
geochemists, food chemists, ecologists, and the public 
show towards such environments. Further, a great 
number of people within and outside Ikogosi Ekiti still 
consume the spring water untreated because it is 
believed that the water has a lot of therapeutic properties 
such as ability to cure hypertension, guinea worm, hook 
worm, kidney stone, rheumatism, body rashes and 
pimples by either drinking it or bathing with it. The warm 
water is also used for other domestic chores. 
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MATERIALS AND METHODS 

Sampling and Sample Treatments: 

Eleven different samples of water and underlying soil 
sediments (5.0 cm below the surface) were collected 
along the sampling sites (at intervals) which lied along the 
course of stream of both warm and cold water. Details of 
interval of sample collections are shown in Table 1. Figure 
1 also shows the relative positioning of warm, cold and 
mixed water. 

Table 1: Sampling information details 

 
*See Fig.1. 

Water samples were collected with clean, sterile one litre 
wide mouthed plastic bottles previously leached with 1:1 
HCI. The bottles were fitted with screw caps and the 
stopper and necks of the bottles were protected with 
aluminium foil. Bottles were rinsed with appropriate 
samples before being filled. The soil samples were 
collected into acid leached polyethylene bags. 
Appropriate labels are as shown in Table 1. The work was 
carried out under aseptic techniques. 

The water sample temperature was taken immediately at 
the site of collection using a simple thermometer 
calibrated in oC; electrical conductivity was measured 
with a CDM 83 conductivity meter (Radio meter A/S 
Copenhagen, Denmark). The water samples were then 
stored in the deep freezer until analysis was carried out. 

Once in the laboratory, the soil sediments were air dried. 
After drying the soil particles were ground into fine 
particles using the laboratory mortar and pestle. The fine 
soil particles were sieved using a 200 mm-mesh sieve. The 
finer soil particles were packed in sample bottles and 
labeled. 

A portion, 0.5 g of each soil sediment was weighed using 
metler balance AE 160 weighing machine in 50 ml 
beakers. Concentrated HCl, HNO3, HCIO4 and HF were 
added in that order to each of the samples in 5 ml 
applications. The beakers containing each of the samples 
were placed on the heater for about 3 h 4. For a portion of 
water sample, 5 ml of concentrated hydrochloric acid was 
added to 250 ml of water and evaporated to 100 ml. The 
concentrate was transferred into labeled bottle 
containers after cooling 5. 

Preparation of Culture Media: 

Nutrient agar was used for the isolation of bacteria. This 
was prepared and autoclaved at 1210C for 15 min. The 
plates were inverted after cooling to prevent steam 
formation 6. Potato dextrose agar (DPA) (Oxiod) was used 
in isolation of fungi. 

Single strength MacConkey broth was prepared and 
about 5 ml was poured into each of the five test tubes 
used. An inverted Durham tube was carefully dropped 
inside each of the five test tubes and sterilized by 
autoclaving at 121oC for 15 min and cooled. Water 
samples to be analysed were then inoculated into the 
prepared medium under aseptic condition 6. 

Double strength Macconkey broth was prepared 
according to the procedure used for single strength 
MacConkey broth but using 70.0 g powder in 1000 ml 
sterilized distilled water instead of 35.0 g powder in 1000 
ml distilled water. 

Eosin methylene blue (EMB) agar was prepared by 
weighing about 34.5 g of the agar and dissolved in 1000 
ml sterilized water, boiled for complete dissolution and 
sterilized at 121oC for 15 min and allowed to cool before 
pouring. 

Analyses of Samples: 

The physical parameters determined/observed were the 
temperature, appearance, odour, taste and conductivity. 
Other physico-chemical characteristics determined were: 
pH by the use of pH meter; hardness was determined by 
titrimetry7; total solid, total dissolved solid and total 
suspended solid were determined by gravimetric 
method7; alkalinity and sulphate were determined by 
titrimetry7; both nitrate and phosphate were determined 
colorimetrically by Spectronic 20 (Gallenkamp, UK)7. 
Atomic absorption spectrophotometer (Perkin-Elmer 
Model 403, Norwalk, CT, USA) was used to determine the 
levels of Fe, Zn, Mn, Cu, Mg, Ca, Pb, Cr, and Ni while Na 
and K were determined using a flame photometer 
(Corning, UK, Model 405) using NaCI and KCI to prepare 
standards8. Chloride was determined by Mohr’s method9. 

Determination of Total Bacteria: 

This test was used to estimate the bacterial population 
present in the water samples. Serial dilution of water 
sample to 10-2 was made for each sample. The samples 
were inoculated on nutrient agar using pour plate 
method6. [Viable counts are usually subject to large error, 
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to more clearly state the result, viable counts were 
expressed as the number of colony-forming units rather 
than as the number of viable cells since a colony-forming 
unit may contain one or more cells.] 

Determination of Coliform Bacteria: 

This is a standard method of water analysis for the 
detection of presence of coliform bacteria 10. It is a 3-part 
procedure namely: presumptive test, confirmed test and 
the completed test. 

In presumptive test, each of the five tubes containing 5 
ml of single strength MacConkey broth (with added 
bromocresol purple indicator) and another five set was 
inoculated with 0.1 ml, 1.0 ml and 10 ml of the water, and 
incubated at 37 o C for 24 h. At 24 h, the tubes were 
examined for acid and gas production. Acid production 
changed the MacConkey purple colour to yellow and gas 
production was seen inside the inverted Durham tubes. 
The number of positive tubes was noted. These processes 
were repeated with sterile water to serve as control. The 
number of positive tubes were counted, recorded and 
compared to the McCrady probability table to determine 
the most probable number (MPN) of organism(s) present 
11. This number, based on certain probability formulae, 
was an estimate of the mean density of coliform in the 
water sample. 

The confirmatory test was used to determine the type of 
organism present after the presumptive test. Any positive 
tube from the presumptive test was inoculated into a 
medium of Brilliant Green Lactose-Bile Broth (BGLB) and 
incubated for 24 h. This medium inhibits growth of 
lactose fermenters other than coliforms; thus, gas 
formation in the BGLB medium constituted a confirmed 
test of coliform presence. 

In the completed test about 1 ml of the broth culture 
from positive tube (presumptive) was first streaked onto 
EMB agar to obtain colonies. This was incubated at 37oC 
for 24 h. Fermentation of lactose broth and 
demonstration of gram-negative, non- sporulating bacilli 
constituted a positive complete test demonstrating that 
some members of the coliform group were in the volume 
of samples examined. Coli-aerogenes organisms produced 
characteristic colonies.  

Escherichia: small colonies, dark, almost black centers, 
with greenish metallic sheen; Enterobacter: large, pinkish 
mucoid colonies, dark centers, rarely show metallic 
sheen. 

Isolation and Identification of Soil Organisms: 

One gram of each soil sample was suspended in test tube 
with cooled sterile distilled water, shaken properly and 
serial dilutions made up to 1:107. Three different methods 
were used for isolation of organisms: direct plating, 
spread plate and pour plate methods 12. 

For detailed identification of bacteria isolates, the shape, 
elevation and colour, were observed and recorded. The 
isolates were determined by use of gram staining, spore 

staining, motility test and biochemical tests (catalase, 
oxidase, sugar fermentation and culture). 

 For fungal isolates, the properties used for identification 
were cultural characterization in which the colonies on 
media were observed and recorded. Identification 
procedures included the microscopic examination of 
isolates for the presence of different hyphae types, shape 
and type of spores produced. 

Fungal staining was also carried out using lactophenol 
blue stain, observed under the microscope and 
observations recorded. 

Statistical Analysis: 

Grand means, standard deviations and coefficients of 
variation precent were calculated as appropriate 13. 

RESULTS AND DISCUSSION 

Table 1 shows the distances of sample collections for the 
cold, warm and mix water and their corresponding soil 
sediments. The distance of cold water collection ranged 
from 7.6-18.3 meters; distance of warm water collection 
ranged from 32.0-108.4 metres; the point of intersect of 
warm and cold water was labeled O metre and all 
measurements were from this point; mixed water 
distance collections were from 18.3-54.8 meters. Site of 
collection was determined by the ease of collection. The 
exact sites of collection along the spring flow are shown 
in Figure 1 with the appropriate sites shown by A, B, C, F 
and E with appropriate subscripts. Total numbers of 
samples for water and soil sediments were eleven each, 
making a total of twenty-two samples. Of these, cold 
water/soil sediments = 3/3 sites or 13.6/13. 6 %; warm 
water/soil sediments = 4/4 sites or 18.2/18.2 %; mixture 
of water/soil sediments = 3/3 or 13.6/13.6 %; intersect of 
water/soil sediments = 1/1 or 4.5/4.5 %. The cold/warm 
water and cold/warm soil sediments as well as the 
mixtures were analysed on comparative basis. While the 
samples of warm water/warm soil were taken from sites 
including about the source (108.4 metres from intersect, 
O metre, see Fig. 1), the easiest site of collection for cold 
water/soil was 60.93 metres from source or 28.9 metres 
from intersect (O metre). 

Table 2 depicts the aesthetic qualities of water samples. 
They were all odourless, tasteless and of clear 
appearance. The conductivities were all generally low 
with cold water (A1-B1) ranging  from 0.5-0.6 x 100 µScm-

1, warm water (B2-D1) ranging from 1.3-1.45 x 100 µScm-1, 
intersect (F1) was 1.0 x 100 µScm-1 and mixture (D2 -E2) 
ranged from 1.0-1.0 x 100 µScm-1 showing that the warm 
had the highest conductivities. This would be expected 
since conductivity depicts the levels of mineral 
suspension in the water and warmer temperature water 
would be able to dissolve more inorganic matter than the 
cold water. Also the influence of the warm water was 
manifested in the mix water whose conductivity 
increased by about 43.0 %. Table 2 shows that the 
temperature followed similar trends with cold water 
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range of 25-26 oC, warm range of 34-35oC, intersect of 
32oC and mix of 31-31.5oC. Again the mixed region 
showed intermediate values. Our results were very close 

to those of Rogers et al. 1 whose values were 35.5 oC 
(warm), 26.0oC (cold) and 32.5oC (mixed region). 

 

Table 2: Physical properties of the water samples 

 
 

Table 3: Some physico-chemical characteristics of the different water samples (ppm) 

 
apH has no unit; bTotal solid; cTotal soluble solid; dTotal dissolved solid; eNot detected; fMean; gStandard deviation; 
hCoefficient of variation percent; iNot applicable; jGrand mean; kGrand standard deviation; lGrand coefficient of variation 
percent. 
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Table 4: Mineral levels in water and underlying soil (ppm)a 

 
         aSoil samples were analysed on dry weight basis. 
 

Table 5: Statistical variation between the water mineral levels and between the soil sediment mineral levels 

 

 
aNot calculated; *Health-related guideline value; **Characteristic that may affect the aesthetic quality of drinking-water. 
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Table 6: Estimated number of bacteria of the coliform group present in 100 ml of water sample 

 
aMost probable number of coilform organisms in 100 ml of the original water. 

 

Table 7: Isolated micro-organisms from water and related cold warm soils 

 
                                                       aE. coli = Escherichia coli; A.aerogenes = Aerobacter aerogenes. 

 

Figure 1: Sampling information details 
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The pH, alkalinity, hardness, total solid, total suspended 
solid, total dissolved solid, phosphate, nitrate and 
sulphate values of the water samples are depicted in 
Table 3. The average pH for cold water was 8.0 ± 0.1 with 
a coefficient of variation percent (CV %) of 1.3; in warm 
water it was 8.2 ± 0.08 with CV % 1.0; intersect was 7.9 
and mixed region 8.13 ± 0.06 with CV % 0.71. In Rogers et 
al. 1 pH was 7.45 (warm), 7.50 (cold) and 7.65 (mixed); 
our own results were slightly higher and of different 
trend. The alkalinity values (ppm) on the average were: 
cold water 122 ± 20.3 with CV % 16.6; warm 142.3 ± 28.8 
with CV % 20.2; intersect 101.7 and mixed 149.1 ± 42.3 
with CV % 28.4.  The alkalinity for the mixed region was 
the most varied and the alkalinity was the highest; this 
could have been contributed by the roots of decaying 
plants in the course of the mixed region. Also the 
intersect bore no relationship with both the warm and 
the cold water. The hardness average values (ppm) were: 
22.3 ± 2.1 with CV % 9.3 (cold); 50 ± 2.8 with CV % 5.7 
(warm); 42 (intersect); 42.7 ± 1.2 with CV % 2.7 (mixed). 
Hardness was highest in the warm, lowest in the cold and 
virtually similar in intersect (42 ppm) and mixed (42.7 
ppm). Our values for hardness were much higher than the 
value of 7.5 ppm and 11.5 ppm as reported by du Preez 
and Barber 14 for Wikki Spring water. The total solids (TS), 
total suspended solids (TSS) and total dissolved solids 
(TDS) were all very low (Table 3) and they were all widely 
varied with low (33.9) to high (136) CV %. The TDS and TS 
in our results were much lower than the literature results 
1, 14. Phosphate was not detected in any of our water 
samples but Roggers et al. 1 recorded low level of 0.11-
0.13 ppm. The average nitrate levels (ppm) were: cold 
water 39.3 ± 13.6 with CV % 34.6; warm 47.3 ± 24.9 with 
CV % 52.6; intersect was 28; mixed 39.7 ± 21.1 with CV % 
17.4. Nitrate levels here could be traced to percolating 
nitrate from sources such as decaying plant and animal 
material and agricultural fertilizer. The grand coefficients 
of variation percent were determined for the parameters 
in Table 3. It showed that the pH was the least varied with 
CV % of 1.6. In descending order of variation, the 
followings were obtained: TDS>TS>TSS>NO3

-> 
hardness>alkalinity>sulphate>pH. The World Health 
Organization (WHO) 15 guideline values were higher than 
our results in pH, alkalinity, and total hardness, TS, TSS, 
TDS, PO4

2- and SO4
2-. However the NO3

- level of 10 ppm 
was much lower than our values. Nitrate is toxic when 
present in excessive amounts in drinking water, and in 
some cases causes methamoglobinaemia in bottle-fed 
infants; for older age groups, this problem does not arise, 
but there is a possibility that certain forms of cancer 
might be associated with very high nitrate concentrations 
15. 

Table 4 contains the pair wise analytical results of the 
minerals for both water and soil sediment collected about 
the same spots along the course of the streams. While 
the subscript of the lower Arabic figure represents the 
minerals in water, the higher figure represents the 
mineral in soil of the same alphabet. Highest level of Fe 
was observed in the intersect with a value of 6.1 ppm and 

generally higher in the mixed region than both the cold 
and warm water zones. Zn was generally lower than Fe 
but the highest level of 4.5 ppm was observed in C1 in the 
warm water region. Mn was the most concentrated metal 
mineral among the trace metals with values as high as 
5.6-19.2 ppm in the water samples. However Mn levels in 
the soil sediments were lower than in the soil sediments 
of Fe and Zn. The following minerals were not detected in 
the water samples: Cu, Pb, Cr and Ni; on the other hand, 
all these trace metals (Cu, Pb, Cr, Ni) were found at 
various levels in the soil sediments. Also, none of the 
metal levels was up to 1.0 ppm in the soil sediments but 
the results showed that the soil sediments could serve as 
reservoir for those minerals. Roggers et al. 1   had 
adduced the probable reasons for the low soil sediment 
contents of Cr, Mn and Cu as being due to scarcity of 
magnetite, and calcium- and iron-bearing silicates in the 
rock samples. The values of Fe being less than those of 
Mn might be explained thus: Fe3+ will be carried by acidic 
solutions but a slight increase in hydroxyl ion 
concentration would result in its precipitation as the 
hydroxide thereby making it unavailable 16; if a solution 
contained both Fe2+ and Mn3+ then the following reaction 
is possible:  

and the values for Fe suggest that it would indeed 
proceed to the right; thus further reducing the level of Fe 
in water. Among the major metals Mg was the most 
concentrated across board followed by Ca, Na and finally 
K. The soil sediments major metal minerals were better 
concentrated than in the trace metals. The chloride 
concentration ranged as follows: 28. 4-49.6 ppm (warm), 
49.6 ppm (intersect), 21.3-35.5 ppm (mixed); these values 
were greater than those of Roggers et al. 1 with values of 
3.72-3.26 ppm but within the range of 24.0-55.5 ppm 
from ground water results 17. 

Table 5 shows the statistical variations between the water 
mineral levels. The average Fe distribution was D2-E2 

(mixed, 4.3 ppm) > A1 –B1 (cold, 3.2 ppm) > B2 –D1 (warm 
3.1 ppm). This trend was followed in Zn and Mn. For Mg, 
B2 - D1 (warm water, 21.0 ppm) > D2 – E2 (mixed, 15.5 
ppm) > A1 – B1 (5.5 ppm); Ca, A1 – B1 (11.9 ppm) > B2 – D1 
(9.4 ppm) < D2 – E2 (13.1 ppm); K, D2 –E2 (9.2 ppm) > B2 – 
D1 (6.05 ppm) > A1 – B1 (3.0 ppm) and Cl, A1 –B1 (56.9 
ppm) > B2 –D1 (39.0 ppm) > D2 –E2 (30.8 ppm). A1 –B1 
(cold) was best concentrated in CI, second best in Fe, Zn, 
Mn, Na and Ca and third best in Mg and K; B2-D1 (warm) 
was best concentrated in Na and Mg, second best in Cl 
and K and third best in Fe, Zn, Mn, Ca and K, second best 
in Mg but third best in Na and CI. The mixed region 
actually balanced the warm and cold region 
characteristics in the mineral composition. The soil 
sediments on the other hand did not follow similar trends 
as we have for the minerals already discussed for the 
water samples, Pb, Cr, Cu and Ni have detectable levels in 
the soil sediments, hence were involved in these various 
calculations. Pb, Cr, Cu, CI, Zn, Ni and Na were all below 
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the guideline values set by the WHO 15 either health-
related or on aesthetic quality so the water samples were 
save on those parameters. On the other hand, Fe and Mn 
were all outside the aesthetic quality of 0.3 ppm and 0.1 
ppm respectively. Although Fe is an essential element in 
human nutrition, drinking water is not considered to be 
an important source. At levels of about 0.3 ppm, Fe stains 
laundry and plumbing fixtures and causes an undesirable 
taste in beverages. The precipitation of excess Fe gives an 
objectionable reddish-brown colour to the water 15. At 
levels exceeding 0.15 ppm, Mn in water supplies stains 
plumbing fixture and laundry. At higher concentrations, it 
causes an undesirable taste in beverages.  

The total bacteria count after 24 h incubation  on nutrient 
agar at 10-1 and 10-2 dilutions showed that all the cold 
water samples had 300 + and for mixed, D2-E2 had 300 +  
for undiluted and 10-1 but 215-285 for 10-2; in the 
intersect, undiluted (300+), 10-1 (297) and 10-2 (253). The 
colony forming unit per ml (cfu/ml) ranged between 3.0x 
103-2.97 x103 at 10-1 for all the samples and 3.0 x 104 -2.2 
x 104 at 10-2 dilution. All these were not compatible with 
the guideline value of 3 cfu/100 ml 15. Colony counts 
provide an estimate of general bacteria purity, which is of 
particular value when water is used industrially for the 
preparation of food and drink. They may also give 
forewarning of pollution11. Colony counts are not 
essential for assessing the safety of domestic water 
supplies, they are however useful for indicating the 
efficiency of certain processes in water treatment, for 
example coagulation, filtration, and chlorination, and the 
cleanliness of the distribution system11. 

Table 6 shows the most probable number (MPN) of 
coliform organisms in 100 ml original water samples. The 
McCrady Table expressing the MPN in 100 ml of water 
which correspond with the various combinations of 
positive and negative tubes in the series used were 
indicated. The MPN represent only an estimate of the 
number of bacteria present in any sample. The McCrady 
Table showed that MPN in cold water was 4-250; warm 
water was 5-40; intersect was 1 while mixed region water 
was 12-1600.  The fact that we had values for MPN in any 
of the multiple tube method meant that the water should 
not be useful for human consumption.  

Table 7 depicts the bacteria isolated from the water and 
soil samples as well as the isolated fungi from the soil 
sediments. The two major bacteria detected in the water 
samples were Eschericha coli and Aerobacter aerogenes. 
In the cold water, E. coli was found in two samples (A1, B1) 
and A. aerogenes in three samples (A1, A2 B1). In the warm 
water, all the samples (B2, C1, C2, D1) contained E. coli 
while C1, C2 and D1 contained A. aerogenes in addition. 
For the mixed water (D2, E1, E2) all contained both E. coli 
and A. aerogenes. The intersect (F1) contained only A. 
aerogenes. The presence of E. coli in a water sample 
indicates excretal pollution of either human or animal 
origin. Other sources of E. coli could be soil, and 
vegetation11, 15. High counts indicate heavy and recent 
pollution, whereas low counts slight or relatively remote 

pollution. Since there is no satisfactory method for 
determining whether E. coli is of human or animal origin, 
its presence should always be regarded as indicating 
potentially dangerous pollution. Coliform organisms other 
than E. coli can also occur in water sources as a result of 
contamination by soil washings or from growth on 
decaying vegetation especially in warm weather 11; this 
might be the reason for the results obtained in the 
present report. 

The bacteria found in the soil sediments were of varied 
forms; Corynebacterium sp in A11; Proteus sp in A22; 
Micrococcus sp in B11; A. aerogenes in C11,C22, D22, E11 and 
E22 whereas E.coli was in D11 and Pseudomonas sp in F11. 
The soil fungi were also varied: Trichoderma sp (A11), 
Rhizopus sp (A22, E22), Aspergillus niger (B11, B22, C11, C22, 
D11 and E11) while Fusarium sp was in E11. While A. 
aerogenes was the most prominent bacterium in the soil 
sediments, it was the Aspergillus niger fungus in the soil 
sediments. The free-living organisms that may occur in 
water supplies include fungi, algae, etc. These organisms 
may be of public health significance as carriers of disease-
causing organisms or because they produce toxins 15. It is 
desirable that these free-living organisms should be 
absent from drinking-water. Guideline values are not 
available yet for free-living organisms in water 15. 
Knowledge of the identity and abundance of organisms in 
raw water supplies is valuable in water resource 
management. 
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