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Prevalence of Salmonella species and Physicochemical Properties of Borehole Water in some Sub-Urban Communities of Rivers State, Nigeria

ABSTRACT
[bookmark: _Hlk207660342][bookmark: _GoBack]Salmonella has over the years remained a major global public health concern due to its role in food and waterborne illnesses. The study aimed at determining the prevalence of Salmonella species and physicochemical properties of borehole water in some sub-urban communities of Rivers State. A total of 120 borehole water samples were randomly collected from Elelenwo, Rumuokparali and Eliozu communities in Obio Akpor Local Government Area in the four quarters of the year and processed following standard microbiological procedures. Isolates were characterized and identified using cultural and molecular methods. Analysis of the physicochemical parameters were done on the water samples for pH, Temperature, Nitrate, Nitrite, Electrical conductivity and Phosphate following “Standard Methods for the Examination of Water. Formation of Biofilm was detected through the Congo red agar method. The isolates were also tested for their ability to induce haemolysis. While the study recorded an overall 20.8% prevalence of Salmonella species in all the borehole water samples, the second and third quarter had a prevalence of 60% and 23.3 %, respectively, with no Salmonella contamination recorded in the first and fourth quarter. Result of the physicochemical parameters showed that parameters ranged from 5.9±0.2 to 6.5±0.4 for ; 136.6±103.3S/cm to 175.4±110.9S/cm for electrical conductivity; 3.2±2.5 mg/L to 4.5±1mg/L for nitrate; 0.1±0mg/L to 0.2±0.0mg/L for nitrite; 0.03±0.01mg/L to 0.05±0mg/L for phosphate; 25.2±2.8oC to 30.4±0.1oC for temperature. All the parameters were within the WHO limits, exception for pH. There was a significant difference (p 0.05) between the mean values of physicochemical parameters studied, except for that recorded no difference (p 0.05). The study has shown the pattern of water contamination by Salmonella spp., therefore highlighting the need for improved water sanitation practices.
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1. INTRODUCTION
Water as we have it today remains an integral part of human nutrition, whether directly as drinking water or indirectly as constituent of food. Water is not only crucial for life, but it also remains the most important vehicle of transmitting disease and mortality in most developing countries and even in technologically more advanced countries. Good quality water is odorless, colorless, tasteless, and free from fecal pollution [1]. What makes up water quality are the biological, chemical and physical characteristics of water. Water is extremely important and necessary to sustain life and an adequate and accessible, as well as safe supply must be available to every living thing.  Making better the access to safe drinking water could result in reasonable benefits to human health.  As a result, effort should be made as to attain a drinking water quality that would be as safe as practicable [2].
Salmonella is a genus of Gram-negative bacteria that has garnered attention for its role in causing waterborne and foodborne illnesses in humans [3]. Among microbiological contaminants, Salmonella stands out as one of the most significant pathogens due to its public health and environmental impact [4, 5]. This bacterial genus, widespread in terrestrial and aquatic environments, causes salmonellosis and typhoid fever, affecting millions worldwide each year [6]. 
Salmonella enters water bodies through multiple pathways, including untreated wastewater, agricultural runoff carrying fertilizers and manure, and improper disposal of industrial waste [7], with risks exacerbated in regions with limited sanitation infrastructure and poor waste management [8, 9]. 
According to Jajere [10], Salmonella enterica species is the most pathogenic specie in the genus with close to 2,600 serovars that have been already characterized Amongst all these serovars, the Salmonella enterica serovars typhi, Paratyphi A, Paratyphi B, and Paratyphi C can be collectively called Typhoidal SaIlmonella, whereas the other serovars are grouped as non-typhoidal Salmonella (NTS). The typhoidal Salmonella strains are known to specifically infect the human host where it causes typhoid fever and paratyphoid fever, both of which are commonly called enteric fever [11].
The study therefore aimed to determine the prevalence of Salmonella species and physicochemistry of borehole water in some sub-urban communities of Rivers State.
2. Materials and Methods 
2.1. Description of Study Location
The study was carried out in Obio Akpor Local Government Area. The study locations were Rumuokparali, Eliozu and Elelenwo communities in Obio Akpor Local Government Area. It is one of the 23 Local Government Areas in Rivers State. The LGA lies within 4.8776o North, 7.0283o East. The Local Government Area covers 260km2 and at 2006 census held a population of 462,789. It’s postal or zip code is 500102 and it is constituted mainly by the people of the Ikwerre ethnic nationality.
2.2. Sample Size Determination 
The sample size for the study was determined by the formula [12]: 
N = [Z2(pq)]/d2 
Where: N= the desired sample size 
Z= Normal standard distribution that corresponds to confidence interval as 1.96
 p= Prevalence of Pseudomonas species 
q = 1-p d= degree of accuracy / precision expected at 0.05
2.3. Sample Collection 
A total of 120 borehole water samples were randomly collected from 3 different communities and this collection was done quarterly. Ten (10) samples were collected per community in each quarter, (40 samples per community) in Obio/Akpor Local Government Area of Rivers State consecutively. 
2.4. Transportation and preservation of samples
The collected samples were kept within an icebox at 4ºC during transportation and analyzed in Microbiology Laboratory on the same day immediately after its delivery within 6 hours of collection. 
[bookmark: _Hlk206140948][bookmark: _Hlk204783124]
2.5. Bacteriological examination
One (1ml) of the sample was pre-enriched into 9mls selenite broth and incubated at 37oC for 24 hours. After incubation, it was sub-cultured onto prepared Salmonella shigella agar plates so as to receive individual colonies and further incubated at 370C for 24hours. Suspected colonies were streaked onto nutrient agar slant for purification, Gram stain reaction, biochemical and serological identification [13, 14] were caried out on the isolates. 
3.14.1 Temperature 
Water was fetched from running water and placed in a beaker to determine the temperature. A mercury-filled Celsius thermometer was used to record the temperature at the site.
 3.14.2 pH
 This is the measure of the acidity or basicity of a substance, characterized by the concentration of hydrogen ions. This parameter was obtained using a calibrated pH meter.  The electrode was first standardized and calibrated using the three set of buffer solution at pH 4.00,7.0 and 9.0, the electrode was rinsed thoroughly with distilled water and immersed in distilled water. The electrode was then dipped into the sample to determine the pH. This method is adopted by [15].
3.14.3 Electrical Conductivity 
A conductivity meter was used to measure electrical conductivity. The sample water was added to another 100 mL of the beaker after rinsing the gas electrode and the 250 mL beaker with distilled water. The glass electrode was dipped in the beaker containing the water sample and held there until the reading stabilized at a predetermined point and readings were recorded.
Nitrate and Nitrite
Nitrate and Nitrite concentrations in water samples were determined with the use of a HACH spectrophotometer (model 3900 DR, USA). To finish this task, 25 ml of water with analytical test tablets for nitrate and Nitrite were mixed. The final contents were determined using 450 nm and 890 nm spectrophotometers, respectively. The protocols described in the study by [16] were followed: standard sulphate and nitrate solutions were used to create calibration curves, and the acquired data were compared to them. By comparing the chloride concentrations found in the samples with those from blank titrations, the titrimetric methods were used to evaluate the chloride concentrations in the samples. A quantitative analysis of the sample's chloride concentration was performed. Chloride concentration= (Vs-Vb) x N x 35.5 x 1000 V Vs = Volume of silver nitrate used for the sample Vb = Volume of silver nitrate used for the blank, V=Volume of sample taken, N= Normality
Phosphate
Moderate acid hydrolysis was used to convert the sample's phosphate species into orthophosphate, which was then used for phosphate determination. The phosphate concentration in the sample was then determined by a colorimetric analysis [17]. 

3. Results
The prevalence of Salmonella species in borehole water during the study period is presented in Figure 1. The study showed that no Salmonella was recorded in the first quarter (Q1) and the fourth quarter (Q4) in all the locations (Rumuokparali, Elelenwo and Eliozu) sampling locations, while a 60% and 23.3% prevalence was recorded in the second and third quarter, respectively. 
The prevalence of Salmonella species based on study locations is presented in figure 2. The study showed that 20.8% prevalence of Salmonella species was recorded in the water samples analyzed in four quarters of the year from the three communities. In all the locations, of the samples analyzed from each community, 30% prevalence was recorded in Eliozu community followed by 25% prevalence recorded in Rumuokparali community, while the least prevalence of Salmonella species isolated was from the samples collected from Elelenwo location with 7.5% prevalence. 
Figure 3 shows the overall prevalence of Typhoidal and Non-Typhoidal Salmonella species isolated from the borehole water samples. The study showed that 5.8% of the Salmonella isolates were typhoidal while 18% were non-typhoidal species.
The overall haemolytic pattern and biofilm formation potential of the isolated Salmonella species is shown in Figure 4. The study indicated that 20% of the isolates showed alpha (α) haemoysis, 36% showed beta- (β) haemolysis and 44% showed gamma- (γ) haemolysis.
The biofilm formation potential of the Salmonella Isolates from the three communities studied is presented in Figure 5. Of the Salmonella species isolated, 24% showed the formation of biofilm while 76% showed no potential for biofilm formation. The highest biofilm formation (33%) was recorded in the isolates from Elelenwo, followed by 30% of isolates from Rumuokparali, with the least recorded from the isolates from Eliozu community.
[bookmark: _Hlk206144083][bookmark: _Hlk206144491]The physicochemical Parameters of the water samples during the study period is shown in Table 1 and 2. The temperature of the samples recorded in the sampling period showed varying values. The temperature value of the borehole water collected at Rumuokparali ranged from 22.7 ± 0.0 °C to 30.5±0.1 °C with the least value recorded in Q2 and the highest recorded in Q3. At Elelenwo, the temperature value ranged from 27.7±4.2 °C to 30.4 ± 0.1 °C with the least value recorded in Q4 and the highest values observed in Q3. For the samples collected in Eliozu community during the sampling period, the temperature ranged from 22.9 ± 0.0 °C to 30.4±0.1 °C, with the least value recorded in Q4 and the highest value recorded in Q1.
The pH value of water samples collected from Rumuokparali community ranged from 6.4 ±0.5 to 6.8±0.2 with the least pH value recorded in Q3 and the highest values recorded in Q2. At Elelenwo the pH value of the water samples ranged from 5.9±0.0 to 6.5 ±0.2 with the least value recorded in Q3 and while the highest values were observed in Q2. In Eliozu, the least pH value obtained in the water samples was recorded in Q2 (4.9±0.1) while the highest value was recorded in Q4 (6.60±0.06).
[bookmark: _Hlk206143322]The Electrical Conductivity (EC) of the borehole water samples from the communities over the sampling period gave varied concentrations. At Rumuokparali, the conductivity ranged from 55±39 µs/cm to 123.7±25.5 µs/cm with the least value recorded in Q4 and the highest concentration was obtained in Q3. At Elelenwo community, the EC concentration ranged from 125±88.5 5 µs/cm obtained in Q4 to 229±90.5 5 µs/cm recorded in Q2. Whereas at Eliozu, the concentration of EC ranged from 188±151 5 µs/cm to 231.7±110.9 5 µs/cm with the highest value obtained in Q4 and the least concentration recorded in Q3.  
[bookmark: _Hlk206143389][bookmark: _Hlk197282845]The nitrite concentrations of the samples recorded during the study were generally low, the values ranged from 0.1±0.0 mg/l to 0.2 ±0.0 mg/l with the highest value recorded in the Q4 and the least value obtained in Q1, Q2 and Q3 from both Rumuokparali and Elelenwo communities. Whereas for the samples from Eliozu community, the least concentration of 0.1±0.0 mg/l was recorded at both Q2 and Q3 while the highest concentration of 0.2±0.1 mg/l was obtained in both Q1 and Q4.  
[bookmark: _Hlk206143440]The Nitrate concentration of the samples during the sampling period showed varied concentrations. The concentration of nitrate in Rumuokparali ranged from 2.3±2.0 mg/l to 5.9±0.6 mg/l with the least value recorded in Q1 while the highest concentration was obtained in Q3. The nitrate concentration in Elelenwo ranged from 3.1±1.4 mg/l to 3.8±1.7 mg/l with the highest concentration recorded in the Q4 and the least nitrate value was recorded in Q3. For the samples collected from Eliozu community, the nitrate concentration ranged from 1.1±0.6 mg/l to 4.7±0.7 mg/l with the highest value recorded in the Q4 and the least value was obtained at Q3.  
[bookmark: _Hlk206143986]The phosphate concentrations which were generally low however showed a varied concentrations across the sampled locations and the period of the year. The phosphate value recorded in Rumuokparali community ranged from 0.03±0.02 mg/l recorded in Q1 to 0.05±0.00 mg/l obtained in Q4. The value recorded in Elelenwo community ranged from 0.03±0.001 mg/l to 0.05±0.00 mg/l with the highest value recorded in Q4 and the least concentration was obtained in Q2 and Q3. The samples collected from Eliozu recorded phosphate values which ranged from 0.02±0.02 mg/l to 0.05±0.00 mg/l with the highest concentration recorded in the fourth quarter while the least concentration recorded in the first quarter.


Figure 1: Overall Prevalence of Salmonella in borehole water samples during the study period


[bookmark: _Hlk204785508]Figure 2: Prevalence of Salmonella in borehole water samples based on study locations


[bookmark: _Hlk204785519]Figure 3: Prevalence of Typhoidal and Non Typhoidal species of Salmonella in borehole water









[bookmark: _Hlk204785559]Figure 4: Hemolytic Pattern of Salmonella Isolates


[bookmark: _Hlk204785578]Figure 5: Biofilm formation potentials of the Salmonella isolates
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Table 1:	Temperature, pH and Conductivity of the Water Samples 
	[bookmark: _Hlk209352993]Locations
	Temperature °C
	pH
	Conductivity (µs/cm)

	
	Q1
	Q2
	Q3
	Q4
	Q1
	Q2
	Q3
	Q4
	Q1
	Q2
	Q3
	Q4

	Rumuokparali
	22.8±0.0ab                                 
	22.7±0.0ab
	30.5±0.1ab
	25.2±4.1b
	6.7±0.1a
	6.8±0.2a
	6.4±0.5
	6.6±0.5
	70±47.7
	61.7±47.5
	123.7±25.5
	55±39

	Elelenwo
	30.3±0.2a
	30.3±0.2a
	30.4±0.1a
	27.7±4.2
	6.2±0.4a
	6.5±0.2a
	5.9±0.0
	6.4±0.1
	226.3±84.8
	229.7±90.5
	168±133.4
	125±88.5

	Eliozu
	30.4±0.2ab
	30.3±0.2ab
	30.3±0.1ab
	22.9±0.0b
	5.0±0.0ab
	4.9±0.0ab
	6.1±0.1b
	6.60±0.6b
	230±200.3
	230±200.3
	118±151
	231.7±110.9

	Overall 
(p _ value)
	27.8±0.1
(<0.0001)
	27.8±0.1
(<0.0001)
	30.4±0.1
(0.0114)
	25.2±2.8
(0.292)
	5.9±0.2
(0.01791)
	6.1±0.1
(0.0066)
	6.1±0.2
(0.3393)
	6.5±0.4
(0.44998)
	175.4±110.9
(0.29355)
	173.8±112.8
(0.26382)
	136.6±103.3
(0.85274)
	137.2±79.5
(0.10861)

	WHO Regulatory Limit
	20-30oC
	6.5-8.5
	[bookmark: _Hlk198057849]1000 µs/cm








Table 2:	Nitrite, Nitrate and Phosphate Concentration of the Water Samples during the Quarters
	Locations 
	Nitrite (mg/l)
	Nitrate (mg/l)
	Phosphate (mg/l)

	
	Q1
	Q2
	Q3
	Q4
	Q1
	Q2
	Q3
	Q4
	Q1
	Q2
	Q3
	Q4

	Rumuokparali
	0.1±0a
	0.1±0.1
	0.1±0.0
	0.2±0.0
	2.3±2.0
	3.8±0.1
	5.9±2.3a
	5.1±0.6
	0.03±0.02
	0.04±0.01
	0.04±0.01
	0.05±0

	Elelenwo
	0.1±0ab
	0.1±0.0b
	0.1±0.0b
	0.2±0.0b
	3.7±2.3
	3.6±2.3
	3.1±1.4a
	3.8±1.7
	0.04±0.02b
	0.03±0.01b
	0.03±0.01b
	0.05±0

	Eliozu
	0.2±0.1ab
	0.1±0.0b
	0.1±0.0b
	0.2±0.1b
	3.6±3.1
	3.6±3.1
	1.1±0.6a
	4.7 0.7
	0.02±0.02b
	0.03±0.01b
	0.03±0.01b
	0.05±0

	Overall 
(p _ value)
	0.13±0.03    
(0.046753)
	0.1±0.03
(0.40320)
	0.1±0
(0.069682)
	0.2±0.0
(0.82975)
	3.2±2.5
(0.75627)
	3.7±1.8
(0.84569)

	3.4±1.4
(0.03035)
	4.5±1
(0.72743)
	0.03±0.02
(0.56961)
	0.03±0.01
(0.177979)
	0.03±0.01
(0.31696)
	0.05±0
(NA)

	WHO Regulatory Limit
	0.2 mg/l
	50 mg/l
	5.0 mg/l






[bookmark: _Hlk209348983]

4. Discussion
The study showed that prevalence of Salmonella in borehole water was high in the second and third quarter. The second and third quarter in Nigeria is characterized as wet season and this can be attributed to high prevalence of Salmonella incidence recorded during the period. The prevalence of Salmonella reported in this study in similar to previous studies by other researchers [18].
In this study, the non-paratyphoidal species of Salmonella were more prevalent than the typhoidal species. This is in contrast to the report of Ekelozie et al and Abdullahi et al [19, 20] which Salmonella typhi had the most percentage occurrence in all the water bodies studied. Non-typhoidal Salmonella (NTS) occurs worldwide and is associated with mild gastrointestinal illness that is self-limiting. Previous studies in Africa have reiterated the endemic feature of non-typhoidal Salmonella and is one of the major causes of bacteraemia, mostly in children with 4100 deaths per year [21].
Haemolysin production can be used to determine the pathogenicity of bacteria isolates [22].  Some of the Salmonella bacterial isolates demonstrated clear β-hemolysis in the form of clearance zone along the streak on blood agar plate within 24 h of incubation at room temperature. Production of hemolysins by the isolates in this study agrees with the report of [23] where the occurrence of hemolysin, lipase, protease, gelatinase and caseinase was established as virulence factors in isolates from water samples in India. The Salmonella isolates from the borehole water samples could have exhibited virulence because of their hemolysin production and may be capable of inducing waterborne infections.
The finding of this study showed that 24 % of the isolates of Salmonella were biofilm producers. This is in contrast to the study of Tula et al [24] in which majority of the isolates from water samples showed the potential for biofilm formation. Biofilm production by microorganism explains their persistence in water body and aids in their protection against environmental factors like ultra violet radiation and desiccation which could also attribute to their antibiotic resistance [25].
The temperature of the water samples is one of the crucial physicochemical factors taken into account when evaluating the quality of water fit for human consumption. The temperature of the water samples ranged from 25.2±2.8oC to 30.4±0.1oC     and was within the WHO regulatory limit of 20-30oC. The temperature of water samples reported in this study is in agreement with a similar study carried out by Terebo et al [26] which recorded temperature within 28.84±0.83oC to 30.03±0.74oC.
pH is a significant factor that impacts many biological and chemical processes. It is a water quality assessment parameter which is very important in evaluating water supply and treatment (Odu et al., 2020). The pH of the water samples ranged from 5.9±0.2 to 6.5±0.4 but was slightly below WHO regulatory limit of 6.5-8.5.
Electrical Conductivity (EC) is an indicator of water quality and soil salinity. The electrical conductivity for all borehole water samples ranged from 136.6±103.3S/cm to 175.4±110.9S/cm and were within the WHO regulatory limit of 1000 µs/cm with no significance difference (p<0.05).
With the result of EC of the water samples obtained in this study it could be said they are suitable for domestic use, irrigation, and other purposes.
The nitrite, nitrate and phosphate concentrations of the water samples recorded during the study were generally low. The nitrate ranged from 3.2±2.5 mg/L to 4.5±1mg/L; Nitrite ranged from 0.1±0mg/L to 0.2±0.0mg/L; and phosphate 0.03±0.01mg/L to 0.05±0mg/L. The value recorded for all the water samples at the three different communities were all within the limit set by WHO for drinking water.

5. Conclusion

With regards to the data generated from the entire course of study, it can be concluded that the presence of Salmonella in borehole water varied significantly across seasons and locations, with the highest contamination occurring in the wet seasons. This suggests a possible seasonal influence on contamination levels. Some of the communities exhibited higher prevalence rates, highlighting a potential public health risk that warrants further investigation and intervention. 
The study has revealed that the analyzed physicochemical parameters were within acceptable limits; however, the pH was slightly lower than the regulatory limit. Additionally, the study showed seasonal and locational variations in the physicochemical quality of borehole water. 
These findings from this study highlights critical gaps in water safety awareness and hygiene practices, emphasizing the need for improved public education on waterborne disease prevention and safe water handling.
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Typhoidal	Non typhoidal	5.8	18	


Percentage	
Alpha	Beta	Gamma	20	36	44	
Perecentage Prevalence



Percentage of biofilm formation	
Overall	Elelenwo	Rumuokparali	Eliozu	24	33	30	16.7	




1st	2nd	3rd	4th	0	60	23.3	0	



Rumuokparali	Eliozu 	Elelenwo	25	30	7.5	


