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ABSTRACT

The menace of diseases of bacterial origin arising from water sources can be best controlled by probing the factors influencing their prevalence within different localities. A study was carried out to evaluate the bacteriological and physicochemical status of well and borehole water sources in some Andoni communities, Rivers State. Water samples from 3 communities (Ngo, Ukwa and Inyorong) were collected randomly for each study period, and subjected to standard laboratory procedures to analyze for parameters such as temperature, pH, total dissolved solid (TDS), salinity and electrical conductivity. The bacterial species were isolated, enumerated and characterised in two seasons, using standard bacteriological methods as well as molecular techniques. Results of the physicochemical analysis showed that all the parameters were within the WHO limits, except for pH that had values below the regulatory standard. There was however, a significant difference (p <0.05) in the pH of the water from the three different communities studied. The mean total heterotrophic bacterial counts for well water and borehole water samples were 4.24±2.96 x 106 cfu/ml and 4.89±3.48 x 106 cfu/ml, respectively. However, there was no significant difference (p > 0.05) in the total heterotrophic bacterial counts obtained for well and borehole water samples in the three communities. The results of the seasonal variation showed that the dry season recorded higher mean value of 4.93±3.85 x 106 cfu/ml, 1.56±1.89 x 104 cfu/ml, and 3.4±0.33 x 102 cfu/ml, for the different bacterial groups   compared to the wet season with mean value of 4.54±2.72 cfu/ml, 1.35±0.35 cfu/ml and 2.22±0.16 cfu/ml for Total Heterotrophic Bacterial Count (THBC), Total Coliform Counts (TCC) and Feacal Coliform Count (FCC) respectively. However, there was no significant difference between the bacterial populations in the two seasons. The results further showed that the Total Heterotrophic Bacterial Counts (THBC) were higher in the morning (4.65±2.59 x 106 cfu/ml) than afternoon (4.33±3.5 x 106). Total Coliform Counts (TCC) and Feacal Coliform Count (FCC) were on the other hand higher in the afternoon with values of 1.74±2.03 x 104 cfu/ml   and 5.1±1.1 x 104 cfu/ml for Total Coliform Counts (TCC) and Feacal colifom respectively. Bacterial isolates prevalent in this study were Staphylococcus aureus, Serratia mercesens, Klebsiella spp., Enterococcus aburiae, Escherichia coli and Bacillus subtilis, with Klebsiella spp. being the most prevalent (87.5%). 
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1. INTRODUCTION
Water is essentially connected to life without which there is no life. It is a common resource that is abundant in nature but not readily available to man in the form needed. It is essential to man, animal and plants [1]. It is critical because of its exceptional compound and actual properties. “Water is made up of two atoms of hydrogen and one atom oxygen” and because of the unique nature of binding; it is a solvent for many minerals and can be referred to as a universal solvent. It exists in three states; liquid, gas (at1000c) and solid (at freezing temperature of below 400c) [2].
Water is one of the most essential needs for the continued existence of all living organisms on earth.
It is one of the most fundamental requirements for the continued existence of all living life forms on the planet. The everyday exercises of all living creatures require water. 
In addition, “water has been traced to be one of the ways by which humans could be infected with various kinds of diseases. Some water borne diseases include typhoid fever, cholera, & bacillary dysentery. In waterborne infections, pathogens are usually spread by water contaminated with untreated or poorly treated sewage” [3].
Based on its source, water can be divided into two: ground water and surface water” [4]. “Both types of water can be exposed to contamination risks from agricultural, industrial and domestic activities, which may include many types of pollutants such as heavy metals, pesticides, fertilizes, hazardous chemicals and oils”. [5]
The most common types of groundwater source are; Springs, Boreholes and Hand-dug wells.
“Water supply and accessibility is goal 6 of the sustainable development goals (SDGs) and it aims at ensuring environmental sustainability” [6].  Historically, efforts to ensure access to safe drinking and food processing water have been focused on the community based water sources [6].  
“Most regions of the developing nations are experiencing shortage of potable water supply as improved water sources are only limited to urban areas” [6].
Water quality is characterized as far as its compound, physical and organic substance. Water quality changes with seasons, human exercises and geological regions. These elements give essential logical data about water quality boundaries, natural significance and toxicological edge esteems to ensure explicit water client [7].
Water quality refers to the chemical, physical, and biological characteristics of water based on the standards of its usage” [4]. It is most much of the time utilized by reference to a bunch of principles against which consistence, by and large accomplished through treatment of the water can be evaluated. The most well-known guidelines used to screen and survey water quality pass on the wellbeing of biological systems, security of human contact; reach out of water contamination and state of drinking water. Water quality altogether affects water supply and generally decides supply choices [8].
Water quality can be grouped into four sorts; convenient water, attractive water, defiled (dirtied water) and contaminated water [4].
As per UNICEF report, around 800 million individuals in Asia and Africa are living without admittance to safe drinking water. Thusly this has made many individuals experience the ill effects of different infections [9].
Water borne infections keep on being prevailing reason for water borne morbidities and mortality everywhere. 
Water borne illnesses event was seen to follow an occasional example with tops happening between the long stretches of January and May followed by drops among June and October and rose again in November. Youngsters under 5 years were viewed as more powerless against the runs of viral beginning, gastro-enteritis and amoebic diarrhea while people between 15-44 years were more defenseless against typhoid and cholera [10]. 
The potential general wellbeing danger presented by waterborne microbial microorganisms has drawn in reestablished consideration, both inside established researchers and among the general population. When thought to be taken care of, they are currently alluded to as arising or reappearing microbes [11].
2. MATERIALS AND METHODS
2.1 Study area/Location
This study was carried out in Andoni Local Government Area, Rivers State. This Local Government is located in the South-South of Nigeria.
“Andoni is a Local Government Area in Rivers State, Nigeria. Its headquarters is at Ngo Town. It has an area of over 233 km² and a population of over 311,500 at the last census conducted in Nigeria in 2006. The postal code of the area is 504” [12].

2.2 Geographical location Andoni LGA
Table 1.Table showing GPS location of sampling sites
	S/N
	STUDY LOCATION
	SAMPLE TYPE
	GPS LOCATION

	1.
	Ukwa
	Wells
Borehole
	Longitude 741290  N and Latitude 448400 E.

	2.
	Ngo
	Wells
Borehole
	Longitude 739150 and Latidute 448190 E.

	3.
	Inyorong
	Wells
Borehole
	Longitude 745450 and Latidute 4456480 E.
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Figure 1 Map showing the study area


2.3 Sample Collection/ Duration
Well water and borehole water from three communities (Ukwa, Ngo and Inyorong) were analysed in two periods, morning and afternoon in the two seasons. 
The samples were collected in two seasons; (dry and wet season) for the period of January-March and July-September 2020 respectively. “Well and borehole water samples from three communities” (Ukwa, Ngo and Inyorong) were collected in two periods morning and afternoon during the two seasons for analysis.

2.4 Sample Collection and Processing
Water samples were collected in the morning and afternoon when human activities are very high. Samples were collected randomly using sterile screw capped bottles. The bottles were carefully covered by replacing the caps and the bottles were labeled with the sample code numbers indicating their locations. The samples were placed in ice packs and transported aseptically, to the Department of and analytical chemistry laboratory, Rivers State University, for analysis.
2.5 Study Period
This research was performed in two seasons; the rainy and dry season. Well water and borehole was analyzed in two periods; morning and afternoon when human activities are very high in affected community.
2.6 Determination of the Physicochemical Properties of the Water Samples
2.6.1 Measurement of Water Temperature
The temperature of the different water samples was determined using MXT mercury-in-glass thermometer. The pH of the water samples “was determined with a Mettler Toledo pH meter equipped with a glass electrode.
“The conductivity was determined using Extech conductivity meter which was calibrated using conductivity solution at 25oC. Total Dissolved Solids was measured by placing a clean platinum evaporating dish in an oven set at 100oC for one hour. Then it was placed in a desiccator to cool and it was weighed. It was then transferred into a hot plate; thoroughly mixed with 100cm3 and was transferred by a means of measuring cylinder.” “The cylinder was rinsed several times with distilled water to make sure that all suspended matter was transferred to the dish. After the sample was evaporated, the dish and the residue were dried in an oven set at 103oC for one hour, cooled in the desiccator and then reweighed.”
2.7 Isolation and Enumeration of Bacteria
Ten-fold serial dilution method was used. One millimeter (1ml) of water samples was aseptically transferred into 9ml of sterile normal saline. The dilution continued from 10-1 serially until the fourth dilution (10-4) was attained. Using a sterile pipette, 0.1 ml of the aliquot of each dilution was aseptically inoculated into sterile nutrient agar, Salmonella Shigella agar, Eosine methylene blue agar and MacConkey Agar plates in duplicate using spread plate method. The inoculated plates were incubated at 37oC for 24 hours after which colonies were counted and recorded. The number of colony-forming units per ml (cfu/ml) was calculated [13]. Colonial characteristics of the colonies were observed and noted. Pure cultures of “bacteria were obtained by aseptically streaking representative discrete colonies of different morphological types which appeared on the cultured plates onto freshly prepared nutrient agar plates and incubated at 37oC for 24 hours which then served as the subculture for further characterization of the isolates.” 
2.8 Storage of Pure Culture
The pure isolates were stored at frozen 10% (vv) glycerol suspension at 40c
2.9 Identification of Test Organisms
Morphological, Biochemical and Molecular testing were carried out on the isolates for identification of the organisms. Biochemical tests such as Oxidase test, Motility test, Catalase test, Carbohydrate test, Indole test, Vorges proskaur test, Citrate test were carried out on isolates.

2.10 Statistical Analysis
Statistical analysis of the data obtained was done using simple percentage and one way ANOVA.
 A one-way analysis of Variance (ANOVA) was used to check for significant difference between each of the different samples. The mean comparisons for all pairs were analyzed using Tukey– Kramer High significant difference (HSD).

 3. RESULTS
3.1 Variations in the Physicochemical Parameters of the Drinking Water Sources with respect to Location 
Results of the physicochemical parameters as presented in Table 2 showed that the least temperature was recorded at locations at Inyorong Community, with a value of 28.98±1.04 while Ngo and Ukwa had temperatures 29.23±1.02 and 29.38±0.44 respectively.  
The data obtained from the study on the electrical conductivity had the highest value of 219±137.44μScm recorded at locations in Ngo community, while samples from Inyorong Community had the least conductivity of 63.75±38.21μScm. 
The least amount of Total Dissolved Solid (TDS) 37.08±21.53 mg/L was obtained in Inyorong Community while Ngo Community had the highest value of 119.33±67.1 mg/L. 
 For Salinity, the highest value was obtained from Ukwa Community with the value 0.11±0.03 ppt, while Inyorong Community had the least value of 0.03±0.02 ppt. Also, the results of pH showed that Ngo Community had the highest value of 6.07±0.3 while the least pH value of 5.1±0.35 was obtained from locations in Inyorong Coomunity.  
 Statistically, there were however, significant differences (p < 0.05) in the values of all the parameters recorded in the three locations, except for temperature with p-value greater than 0.05. Also, with respect to salinity, no significant difference was recorded for samples obtained from Ngo and Ukwa Communities, except for Inyorong and that had values significantly different from that of the other two communities. 
3.2 Comparison of the Physicochemical Characteristics of Borehole and Well Water Sources  
Results of the physicochemical parameters of the two different water sources (borehole and well) as presented in Table 3 showed that the temperature of borehole and well water samples ranged from 29.01±0.78 to 29.98±0.86. The data obtained showed that borehole water had a higher value (29.98±0.86) than well water (29.01±0.78).
Electrical conductivity was on the other hand higher in well water samples (184.43±105.1μS/cm) than borehole which had a mean value of 40.17±13.75 μS/cm. Also, samples from well water had a higher level of mean Total Dissolved Solid (92.79±53.59mg/l) than bore hole which recoded 
29.83±9.22 mg/l. For salinity, well water was more saline (0.09±0.05 ppt) than borehole sample (0.02±0 ppt).   
Also, the results obtained for pH showed that the two water sources (borehole and well) had pH values of 5.64±0.53 and 5.65±0.54 respectively. 
However, statistical analysis showed that there was no significant difference (p > 0.05) between the values of the physicochemical parameters studied except for electrical conductivity that recoded a significant difference ( p = 0.03).






Table 2: Physicochemical Parameters of the Drinking Water Sources from the Different Communities Sampled  
	Source 
	Temperature 
(OC) 
	Conductivity 
(µS/cm) 
	TDS (mg/l) 
	Salinity 
(ppt) 
	pH 

	INYORONG 
	28.98±1.04a 
	63.75±38.21a 
	37.08±21.53a 
	0.03±0.02a 
	5.1±0.35a 

	NGO 
	29.23±1.02a 
	219±137.44b 
	119.33±67.1b 
	0.1±0.06b 
	6.07±0.3b 

	UKWA 
	29.38±0.44a 
	201.2±46.7ab 
	90±20.39ab 
	0.11±0.03b 
	5.79±0.3b 

	P-value 
	0.7541 
	0.0185 
	0.0174 
	0.0148 
	0.0004 

	Inference 
	Not significant 
	Significant 
	Significant 
	Significant 
	Significant 


* Pairs of means with different superscripts in each row are significantly different while same superscripts are not significantly different. 
KEY: TDS- Total Dissolved Solid, pH: Hydrogen ion concentration 
 
Table 3 Mean Physicochemical Properties of Domestic Water Sources sampled 
	Source 
	Temperature (OC) 
	Conductivity (µS/cm) 
	TDS (mg/l) 
	Salinity (ppt) 
	pH 

	Borehole 
	29.98±0.86 
	40.17±13.75 
	29.83±9.22 
	0.02±0 
	5.64±0.53 

	Well 
	29.01±0.78 
	184.43±10.51 
	92.79±5.359 
	0.09±0.05 
	5.65±0.54 


	   P-value 
	 0.0728 
	 0.0352 
	 0.0665 
	 0.0801 
	 0.9892 

	Inference 
	Not significant 
	Significant 
	Not significant 
	Not significant 
	Not significant 


 
KEY: TDS- Total Dissolved Solid, pH: Hydrogen ion concentration 
3.3 Effect of Seasonal Variation on the Physicochemical Characteristics of the Water Sources 
Comparing the physicochemical parameters obtained during the dry and wet seasons as presented in Table 4, the mean temperature value of the dry season was 29.64±1.17 OC while wet season had a mean value of 28.73±0.8 OC.  
Electrical conductivity results showed that dry season had higher conductivity of 161.53±111.78 μS/cm than the wet season which had a mean value of 156.41±109.3μS/cm. Also, the Total Dissolved Solid was higher in dry season than wet season with value of 98.65±67.47 mg/l while the value in the wet season was 64.71±46.37mg/l. 
The salinity value was 0.08±0.06 ppt in dry season and 0.07±0.05 ppt in wet season .The results of pH showed that the two seasons (Dry and wet) had pH values of 29.64±1.17 and 28.73±0.8, respectively).  
Statistical analysis showed there was no significant difference between the values of the mean physicochemical parameters recorded in the two seasons (p > 0.05), except for temperature that was significantly different (p = 0.0128). 
 3.4 Effect Seasonal Variation on the Bacterial Population in the Domestic Water Sources
The values in Table 5 showed the results of the bacterial population in the two seasons (Dry and wet). The results showed that bacterial populations were higher in dry season than wet season with Total Heterotrophic Bacterial Counts (THBC) mean value of 4.93±3.85 x 106cfu/ml while wet season had the value of 4.54±2.72 x 106 cfu/ml; Mean Total Coliform Count (TCC) was 1.56±1.89 x 104 cfu/ml in dry season and 1.35±0.35 x 104 cfu/ml during the wet season; Faecal coliform count varied from 2.2±0.16 cfu/ml x 102 to 3.4±0.33 x 102 cfu/ml for dry and wet season, respectively. The result also showed the most probable number of coliforms in the samples varied between 9 and 16 for the dry and wet seasons respectively (Table 4).   
However, there was no significant difference between the bacterial populations in the two seasons. 









Table 4 Physicochemical Characteristics of the Water samples during Dry and Wet seasons 
	Source 
	Temperature 
(OC) 
	Conductivity 
(µS/cm) 
	TDS (mg/l) 
	Salinity (ppt) 
	pH 

	Dry 
	29.64±1.17 
	161.53±11.178 
	98.65±67.47 
	0.08±0.06 
	5.78±0.79 

	Wet 
	28.73±0.8 
	156.41±10.93 
	64.71±46.37 
	0.07±0.05 
	5.51±0.32 

	 P-value 
	 0.0128 
	 0.8935 
	 0.097 
	 0.5026 
	 0.2048 

	 Inference 
	 Significant 
	 Not Significant 
	 Not significant 
	 Not significant 
	 Not significant 


KEY: TDS- Total Dissolved Solid, pH: Hydrogen ion concentration 




 Table 5 Mean Counts of Total Heterotrophic Bacteria (THBC), Total Coliform (TCC) and Faecal Coliform Count during the Dry and Wet season- (cfu/ml) 
	Microbial population
	Season
	  P-value
	Inference

	
	Dry
	Wet
	
	

	THBC(×106 cfu/ml)
TCC(×104 cfu/ml)
FCC(×102 cfu/ml)
MPN/100ml


	4.93±3.85

1.56±1.89

3.4±0.33

16±032
	4.54±2.72

1.35±0.35

2.22±0.16

9±0.25
	0.7476

0.6498

0.2119

0.1554
	NS

NS

NS

NS



KEY: THBC: Total Heterotrophic Bacterial Count, TCC: Total Coliform Count, FCC: Faecal Coliform Count, MPN: Most Probable Number, NS: Not significant
 



3.5 Effect of Diurnal Variation on the Bacterial Population of the Water Sources in the Study Area 
The data obtained for bacterial population showed the variation in the mean bacterial load of the morning and afternoon water samples). The Total Heterotrophic Bacterial Counts (THBC) was higher in the morning, having values of 4.65±2.59 x 106 cfu/ml and 4.33±3.5 x 106 cfu/ml, for morning and afternoon samples, respectively. The Total Coliform Counts (TCC) and Feacal Coliform Counts (FCC) were on the other hand higher in the afternoon, with values of 1.74±2.03 x 104 cfu/ml and 5.1±1.12 x 102 cfu/ml, for Total Coliform Counts (TCC) and Feacal Coliform Count (FCC) respectively (Table 5). Statistically, there was no significant difference (p > 0.05) observed between the bacterial populations in the two different periods. 
3.6 Bacterial Population Dynamics in the Study Area with respect to the Various Water Sources
 The results in Table 6 showed that the Total Heterotrophic Bacterial Counts (THBC) were higher in borehole, having value of 4.89±3.48 x 106 cfu/ml, while well water had the values of 4.24±2.96 x 106 cfu/ml. Total Coliform Counts (TCC) was on the other hand higher in well water, with a value of 1.54±1.43 x 104 cfu/ml, than borehole which was 1.1±0.29 x 104 cfu/ml. The value for Faecal coliform Count (FCC) was approximately the same for well and borehole with values of 0.27±0.26 x 102 cfu/ml and 2.6±0.24 x 102 cfu/ml, respectively. The water quality based on the most probable number of coliforms showed that the well water samples had more coliforms (10±0.2/100 ml) than the borehole water samples (4±0.3) albeit not statistically significant.  Also differences observed between the populations of other bacterial groups (THBC, TCC, FCC) in the different water sources were not significant (p> 0.05). 
Table 6 Bacterial Population of the Water Samples from Well and Borehole 
	Source 
	THBC ( x 105 cfu/ml) 
	TCC ( x 103 cfu/ml) 
	  FCC ( x 102 cfu/ml)    
	MPN/100 ML 

	Well 
	42.4±2.96 
	15.4±1.43 
	2.7±0.26 
	10±0.2 

	Borehole 
	48.9±3.48 
	11±0.29 
	2.6±0.24 
	4±0.3 

	P-value 
	6.3 
	4.3 
	9.03 
	0.06 

	Inference 
	Not significant 
	Not significant 
	Not significant 
	Not significant 


KEY: 
THBC: Total Heterotrophic Bacterial Count, TCC: Total Coliform Count, FCC: Faecal Coliform Count 


Table 7 Mean Bacterial Counts from the Water Sources during the Morning and Afternoon Periods 
	Microbial Population
	Time
	  P-value
	Inference

	
	Morning
	Afternoon
	
	

	THBC(×106 cfu/ml)
TCC(×104 cfu/ml)
FCC(×102 cfu/ml)

	4.65±2.59

1.2±0.34

3.6±0.29
	4.33±1.35

1.74±0.03

5.1±1.12
	0.780

0.3151

0.6356
	NS

NS

NS


KEY: 
THBC: Total Heterotrophic Bacterial Count, TCC: Total Coliform Count, FCC: Faecal Coliform Count,NS: Not significant


















 3.7 Differences in the Mean Bacterial Population of Water Samples obtained from the three Locations (Communities) in Andoni LGA  
The Total Heterotrophic Bacterial Counts (THBC) showed that the highest was recorded in Inyorong Community with a mean value of 7.08±3.36 x 106 cfu/ml. The samples from Ukwa Community on other hand had the least counts (THBC) of 3.05±1.68 x 106 cfu/ml. Results of the Total Coliform Counts (TCC) showed that the highest was recorded in Inyorong (1.96±2.49 x 104 cfu/ml) while Ukwa Community had the least value (1.29±0.33 x 106 cfu/ml). Feacal Coliform Count (FCC) results varied from 1.7±0.13 x 102 cfu/ml (for Inyorong Community) to 4.1±0.69 x 102 cfu/ml for Ngo. However, the Total Coliform Counts (TCC) and Feacal Coliform Count (FCC) showed no significant difference statistically (P > 0.05). 
 
3.8 Prevalence of Bacterial Isolates from the various locations 
The results of the occurrence in Figure 2 revealed that the most frequent isolate was Klebsiella spp with 87.5% in Inyorong followed by E.coli (75%) in Inyorong. Enterobacter asburiae and Bacillus subtilis had the same percentage occurrence of 62.5% in Inyorong, Staphylococcus aureus was the least frequent in the three locations.
Susceptibility patterns of bacterial isolates to the commercial conventional antibiotics as presented in the data in Figure 2-3 revealed that almost all the Gram positive bacterial isolates were sensitive to the antibiotics, with 80% of the isolates resistant to chloramphenicol. It further revealed that 40% of the gram negative bacteria were resistant to Augmentin based on the standards of CLSI [14] 
3.9 Prevalence of Bacterial Isolates from well and borehole water sources
The percentage occurrence of bacterial species in the water samples from well and borehole revealed that Klebsiella spp had the highest prevalence of 57.1% and 41.7% in borehole and well water respectively. In overall, isolates were more prevalent in well than borehole water. 




Table 8 Bacterial Population of the Various Water Sources in the different Communities Sampled  
	LOCATION 
	THBC (x106 cfu/ml) 
	TCC (x104 cfu/ml) 
	FCC(x103 cfu/ml) 

	UKWA 
	3.05±1.68a 
	1.29±0.33a 
	0.34±0.32a 

	NGO 
	5.45±3.22ab 
	1.86±0.11a 
	0.41±0.09a 

	INYORONG 
	7.08±3.36b 
	1.96±0.49a 
	0.17±0.13a 

	P-value 
	0.014 
	0.6726 
	0.5393 

	Inference 
	Significant 
	Not significant 
	Not significant 



* Pairs of means with different superscripts in each column are significantly different while same superscripts are not significantly different. 


Figure 2: Percentage Occurrences of Bacteria from the Various Locations



Figure 3: Prevalence of Bacterial Isolates in Well and Borehole Water Sources



4. DISCUSSION
4.1 Physicochemistry of the Water Sources in Andoni
The physicochemistry of the drinking water sources sampled in this study has revealed very unique and distinct properties for the three water sources. The temperatures of the water sources sampled were mostly similar for all the sampling periods as seen in the summary statistics. There was no significant difference in the temperature of the three water sources (p>0.05) and all temperatures fell around room temperature (28 to 30oC). The observed pH for the three locations were different for each location and these values (5.1±0.35, 6.07±0.3 and 5.79±0.3) also fell outside “the recommended limits of the World Health Organization for drinking water (6.5 to 8.5)” [9]. There was significant difference (p<0.05) in the pH of the water from the three different communities studied. “pH is one of the importance on determining the corrosivity of water because generally the lower the pH, the higher the level of corrosion. To prevent corrosion of water mains and pipelines in residential water systems, the pH of the water entering the distribution system must be adjusted.” Alkalinity and calcium management also help to keep water stable and reduce its corrosiveness to pipes and appliances. Corrosion may contaminate drinking water and have negative effects on its flavor and appearance if it is not minimized [9]. 
There was also very significant difference (p<0.05) in the conductivity (µS/cm) of water samples from the different locations (Inyorong, Ngo and Ukwa. Electric conductivity varies dependent on the concentration of total dissolved solids in the water samples. ” Water samples from Ngo had the highest electric conductivity (219±137.44 µS/cm) while water samples from Inyorong had the lowest electrical conductivity (63.75±38.21 µS/cm). This findings for electrical conductivity can be easily correlated to the concentration of total dissolved solids in the water samples as water samples from Ngo also had the highest concentration of TDS (119.33±67.1 mg/l) while those from Inyorong had the lowest concentrations of TDS (37.08±21.53 mg/l). 
The conductivity of the water samples from this study which ranged were all within the limits accepted for drinking water (400 μS/cm) as none of them was above 400 μS/cm. While there was significant difference in the electric conductivity of the waters samples from the various sources, there was also a significant difference (p<0.05) in the concentration of total dissolved solids in the water samples. 
The salinity of the water samples studied was all below the limit acceptable for fresh water (0.5 ppt). The measure of dissolved salts in water is known as salinity. Parts per thousand (ppt) or ‰ are the most used unit of measurement for salinity. Fresh water has a salinity of less than 0.5 ppt. Despite the salinity being within the World Health Organization acceptable limit for fresh water, there was significant difference in the salinity of the water sources in the three localities.
In addition to the unique trend observed for the various physicochemical properties across the communities, a sharp difference was also observed for well and borehole water samples. Apart from the pH and Temperature values, it is observed that the values for conductivity, total dissolved solids and salinity were considerably higher in the well water samples than the borehole samples. “A comparative Assessment on the Physicochemical Water Quality of Wells and Boreholes in Two Rivers State Communities, Nigeria” [15] also revealed similar results. The results from their study is in agreement with the results from the present study as the values for conductivity, total dissolved solids and salinity although all within the permissible WHO limits were considerably higher for well water samples compared to those of the borehole water samples.
The mean results for conductivity (µS/cm) of the borehole water samples in this study (40.17±13.75 µS/cm) were also very similar to the mean results obtained in a study by Wokem and Lawson-Jack [16] in which the mean results for conductivity stood at 43.7±2.2 µS/cm.


4.2 Bacterial population of Drinking Water from Well and Borehole in Andoni
The study revealed that out of all water samples from the various sources sampled, the mean total heterotrophic bacteria counts for well water and borehole water samples were 4.24±2.96 x 106 cfu/ml and 4.89±3.48 x 106 cfu/ml respectively. There was no significant difference (p>0.05) in the total heterotrophic bacteria counts obtained for well and borehole water samples in Andoni. The Heterotrophic plate counts in both well and borehole water samples exceed the permissible limits for drinking water. “Heterotrophic plate count levels in potable water should be <500 CFU/mL. These levels may increase on occasion, but counts consistently >500 CFU/mL would indicate a general decrease in water quality. A direct correlation between heterotrophic plate count and biofilm levels has been demonstrated”(8). The mean total coliform counts for well water and borehole water samples were 1.54±1.43 x 104 cfu/ml and 1.1±0.29 x 104 cfu/ml respectively. There was also no significant difference (p>0.05) in the total coliform counts obtained for well and borehole water samples in Andoni. These counts also fall outside the permissible limits for potable water as put forward by the world health organization [9] “Total coliform bacteria must not be detectable in any 100-ml sample. In the case of large supplies, where sufficient samples are examined, must not be present in 95% of samples taken throughout any 12-month period.” Also, the mean population for faecal coliform for well water and borehole water samples were 2.7±0.26 x 102 cfu/ml and 2.6±0.24 x 102 cfu/ml respectively. There was also no significant difference (p>0.05) in the population of faecal coliform obtained for well and borehole water samples in Andoni. These counts also did not meet WHO standards for faecal coliform. Although, no significant differences were seen in the well water and borehole water sources, there were considerable differences in the bacteria population obtained from the various communities from where water samples were collected. Water from Inyorong had the highest counts for total heterotrophic bacteria (7.08±3.36 x 106 cfu/ml) while Ukwa had the least counts for total heterotrophic bacteria (3.05±1.68 x 106 cfu/ml). There was also significant difference (p>0.05) in the heterotrophic bacteria counts across the communities. There were no differences in the total coliform and faecal coliform counts across the communities. The counts obtained in this study for borehole water samples despite not meeting the acceptable bacteriological quality for drinking water were in agreement with the counts from the work of Bashir et al, [17]. In their study, mean bacteria counts were as high as 5.4 ×104 to 3.7 ×106 cells/ ml from borehole water in Wamakko local government, Sokoto state, Nigeria.
The presence of enteric bacteria, which serve as markers of faecal pollution, indicates the extent of contamination of the water sources utilized by the rural populations examined. Water treatment and disease preventive techniques should be implemented to avoid further outbreaks.

4. CONCLUSION 
The core areas of this study which were mainly on safety of the drinking water sources in Andoni local Government area of Rivers state Nigeria has been x-rayed. “Water resource contamination is still a major concern in several regions of developing countries especially in sub-Saharan countries in which polluted waters pose serious risks to human health and the environment.” The need to improve upon sanitary habits in around water sources cannot be overemphasized. This research has been able to show the physicochemistry as well as population of bacteria in the water sources in Andoni local Government area of Rivers State. Although some physicochemical parameters were within the prescribed standard limits, the pH fell below the standard recommended by WHO making the water slightly too acidic for consumption. The bacterial populations were all higher than the limits provided by World Health Organization (WHO) making the water unhealthy for consumption in its state for the population. Potable water should not portend any form of danger to its consumers. The presence of organisms such as E. coli in the water source is also an indication of faecal contamination of these water sources. This may be indicative of the possible presence pathogenic bacteria in the water. This is a serious public health challenge requiring attention to ensure the safety of users and consumers of these water sources.
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Ukwa 	Staphylococcus aureus	Serratia marcesens	Klebsiella	Enterococcus aburiae	Escherichia coli	Bacillus subtilis	0	9.1	45.5	0	0	18.2	Inyorong 	Staphylococcus aureus	Serratia marcesens	Klebsiella	Enterococcus aburiae	Escherichia coli	Bacillus subtilis	12.5	0	87.5	62.5	37.5	62.5	Ngo 	Staphylococcus aureus	Serratia marcesens	Klebsiella	Enterococcus aburiae	Escherichia coli	Bacillus subtilis	33.299999999999997	50	16.7	0	75	0	Well 	Staphylococcus aureus	Serratia marcesens	Klebsiella	Enterococcus aburiae	Escherichia coli	Bacillus subtilis	20.8	29.2	41.7	16.7	50	16.7	Borehole 	Staphylococcus aureus	Serratia marcesens	Klebsiella	Enterococcus aburiae	Escherichia coli	Bacillus subtilis	0	0	57.1	14.3	0	42.9	
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