

Effect of Wet and Dry Seasons on the Physicochemical and Bacteriological Quality of Borehole Water in Three Senatorial Districts of Delta State, Nigeria
Abstract
This study aimed to assess the physicochemical properties and bacteriological quality of borehole water from five communities (Abraka, Obiaruku, Warri, Eku, and Kwale) across three Senatorial districts of Delta State, Nigeria, during the wet and dry seasons”. Twenty (20) water samples were collected aseptically (10 per season) and analyzed using standard methods (APHA for physicochemical parameters and microbiological techniques for bacterial isolation). Staphylococcus aureus,  Proteus mirabilis Bacillus subtilis, Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, Enterobacer sp and Enterococcus sp  were isolated from the borehole water. This study showed that the lead, cadmium and chromium contents of borehole water in wet season were were higher (0.01-0.03 ppm) in wet season than permitted by WHO but none detected in dry season. However, iron (0.01-0.03 ppm) content was within the permitted value in both seasons. This study showed that Seasonal variations significantly influenced physicochemical parameters, but bacteriological quality remained consistently poor, with Escherichia coli detected in both seasons particularly in the Central and North Senatorial Districts of Delta State. It is therefore recommended that the borehole water should undergo chlorination and further purification before consumption
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Introduction
Water is indispensable to human survival and required by all living organisms (Oluyegeet al., 2014). Water is used for the purposes of drinking, bathing, domestic, industrial and recreational activities. Nigeria like other developing nations is faced with problems of potable water supply for its estimated 160 million citizens (Orji and Oghonim,2023). In Nigeria, public water supply systems are largely nonfunctional in most towns and villages, affecting millions of households. This has forced individuals and institutions to resort to self-help by using water from boreholes as the only source of water supply for drinking and general use. Boreholes tap into underground aquifers, which are susceptible to various natural and anthropogenic activities that can affect water quality (Luvhimbi et al., 2022). Boreholes serves as a primary water source for domestic, agricultural, and industrial purposes due to its perceived safety and relative abundance. Despite its importance, the quality of borehole water is often compromised by various natural and anthropogenic factors, necessitating regular monitoring and analysis of its physicochemical and bacteriological parameters (Adamou et al., 2020). 
Groundwater quality is influenced by both its natural composition and external contaminants introduced through human activities (Yehia and Said, 2021). Physicochemical parameters, such as pH, turbidity, total dissolved solids (TDS), electrical conductivity (EC), and concentrations of essential and trace elements, are key indicators of water's chemical and physical suitability for consumption (WHO,2020). In Delta State, studies have shown varying physicochemical characteristics across different borehole locations, attributed to geological differences, urbanization, and waste management practices (Ofuani and Destiny, 2022). For instance, borehole water in some areas has exhibited acidic pH levels, which is below WHO's recommended range of 6.5–8.5, while others have shown elevated levels of heavy metals like lead and cadmium, raising significant health concerns (Oyelude et al., 2023).
Bacteriological quality is equally crucial, as the presence of pathogenic microorganisms like Escherichia coli and fecal coliforms indicates fecal contamination (Holcomb and Stewart, 2020). This contamination often arises from poorly constructed boreholes, improper waste disposal, and the infiltration of sewage or agricultural runoff into groundwater sources (Abanyie, et al.,2023)
Delta State is characterized by its diverse terrain, including coastal, swampy, and upland areas. This geographical diversity affects groundwater quality due to variations in soil and aquifer properties. Urbanization and industrial activities, particularly in cities like Warri, Ughelli, and Asaba, contribute significantly to groundwater pollution (Eyankware and Ephraim, 2021) For example, the proximity of boreholes to industrial sites, septic tanks, and waste dumps has been identified as a major factor in the contamination of groundwater in urban centers (Edeki et al., 2023). Rural areas are not exempt from this problem, as inadequate sanitation and agricultural practices often lead to the leaching of pollutants into boreholes (Otajevwo and Dio, 2020).
The health implications of consuming contaminated borehole water cannot be overemphasized. High concentrations of heavy metals like lead, cadmium, and arsenic are associated with chronic diseases such as kidney damage, neurological disorders, and cancer (Yusuf and Rufai, 2022). Similarly, the ingestion of water contaminated with pathogenic bacteria increases the prevalence of gastrointestinal infections, particularly among children and immunocompromised individuals (WHO, 2022). Furthermore, the contamination of groundwater affects ecosystems, as polluted water often seeps into rivers, lakes, and other natural water bodies, disrupting aquatic life and biodiversity (Edeki et al., 2023).
Despite the critical role of borehole water in Delta State, its quality is frequently compromised due to inadequate monitoring, poor maintenance of boreholes, and increasing environmental pollution. Many communities rely on untreated borehole water, exposing them to potential health risks from chemical and microbial contaminants (Umar et al., 2020). The lack of comprehensive and periodic analysis of borehole water quality exacerbates the issue, as policymakers and stakeholders lack the necessary data to implement effective water management strategies. This study is significant as it provides a detailed comparative analysis of the physicochemical and bacteriological parameters of borehole water across different locations in Delta State. The findings will serve as a reference for public health interventions, environmental policies, and community-level awareness programs aimed at improving water quality. By identifying contamination hotspots and their underlying causes, this study will contribute to the development of targeted measures to ensure safe and sustainable access to groundwater. The aim of this study is to conduct a comprehensive comparative analysis of the physicochemical and bacteriological parameters of borehole water in Delta State to assess its suitability for human consumption and to identify potential health risks associated with its use.
MATERIALS AND METHODS
Physicochemical Analysis
Borehole water samples were collected  from four local Governments of Delta State. The local governments were within the three senatorial districts of Delta State. Two water samples from borehole in Warri South (Igbudu, and Nigeria Port Authority area), one from Warri South (Ugbuwangwe) two from Ndokwa West (Kwale town) Two from Ukwani local government (Obiaruku) and Three from Ethiope East (Abraka and Eku). The taps which are connected to tboreholes, were allowed to run for five minutes before sample collection.  Three samples were collected from each location and then pooled together. Sterile plastic bottles were used for sample collection. Samples were collected during wet and dry seasons. The samples were transported to the laboratory within three hours of collection. The physicochemical parameters determined included temperature, pH, conductivity, colour, turbidity, total dissolved solids, hardness, lead, chromium and cadmium. These were carried out using standard techniques as described by Ademoroti (1996) and APHA,2006

3.5 	Microbiolgical Analysis
This was carried out in accordance with the procedures reported by Cheesebrough (2004). Thus, the table and work benches were sterilized with disinfectant by using cotton wool before and after work daily.
All glass wares were washed and sterilized in a hot air oven at 160oC for 2hours. All media were prepared according to their manufacturer’s instruction and were sterilized by autoclaving at 1210c for 15minutes at 15psi. 

3.5.1	Serial dilution
This was carried out in accordance with the procedure reported by Cheesebrough, (2004) and Eboh, 2017. A ten-fold serial dilution was carried out using standard procedures. The sterile test tubes, each contained 9ml of normal saline. 1ml of the water sample each was drawn with a sterile pipette and placed in each of the test tubes containing 9ml of the sterile distilled water. 1ml of mixture from the first test tube was drawn and transferred to the second test tube and rocked. This procedure was repeated aseptically until the ninth test tube (10-8). There after 1ml was withdrawn from the last test tube and discarded. Dilution factor of 10-3, 10-4 to 10-6 were used in each set of water sample. Each set of the sample was inoculated onto freshly prepared Nutrient agar and MacConkey agar using spread plate technique. Inoculated Nutrient agar plates were labelled and incubated at 37o for 24hrs to assess the total coliform count.

 The presumptive test 
Coliform counts of borehole water samples were determined using the three tube analysis of Most Probable Number (MPN) techniques; as described earlier by Cheesbrough, (2000); Ibe and Okplenye, (2005) using sterile MacConkey broth. The first set of five tubes had sterile 10 ml double strength lactose broth; whereas the second and third sets had 10 ml single strength broth. All tubes contained Durham tubes before sterilization. The three sets of tubes received, 1 ml, 0.1 ml and 0.01 ml quantities of water samples, respectively. The experiment was conducted in duplicates (One set up of tubes for estimation of total coliform bacteria; whereas, the second set was for estimation of faecal coliform). Tubes were then incubated at 37˚C for 24-48 hours for the estimation of total coliforms; and at 37˚C for 24-48 h for faecal coliforms, and thereafter were examined for acid and gas production. Acid production was detected by color change of lactose broth from reddish purple to yellow and gas production was detected by the entrapment of gas in the Durham's tube.
 Confirmative tests
A loopful of inoculum from the positive presumptive tubes was transferred into bijou bottles containing brilliant green lactose bile broth to confirm the presence of coliforms. The tubes were incubated at 37°C for a duration on 24 to 48 hours. The definitive indication of the presence of coliforms was confirmed by a noticeable change in color within incubated media. 
The completed test
A loopful of broth from a positively confirmed test tube was carefully streaked onto an Eosin Methylene Blue agar plate to obtain pure colonies. These streaked agar plates were subsequently incubated at 37°C for duration of 24 to 48 hours. Further identification of the isolated colonies was carried out based on their morphological, cultural, and biochemical characteristics. 
After the incubation period, morphologically distinct colonies from inoculated nutrient agar plates and colonies from inoculated MacConkey agar plates were picked using a sterile wire loop, subcultured and streaked on freshly prepared nutrient agar plates to produce pure colonies after incubation period of 24h at 370c.	
Each different colony was sub-cultured and stored on a sterile nutrient agar slant for characterization and identification using Gram stain and biochemical tests. 


Table 1: Physicochemical analyses of borehole water in two seasons
	
	


Code 
	pH a
	pH b
	Temperature  a
	Temperature  b
	Colour a
	Colour b
	Hardness mg/L a
	Hardness mg/Lb
	Chlonede mg/La
	Chlonede mg/L b
	E.C µ S/cm a
	E.C µ S/cm b
	Turbidity (NTU) a
	Turbidity (NTU) b
	TDS mg/L a
	TDS mg/L b

	Delta Central
	1
	6.70
	6.10
	28.00
	28.00
	clear
	clear
	0.40
	0.84
	ND
	0.01
	1.84
	0.19
	1.84
	2.10
	11.7
	16.05

	
	2
	6.50
	6.30
	28.00
	28.00
	clear
	clear
	0.30
	1.05
	ND
	0.03
	1.10
	0.38
	1.92
	1.80
	10.0
	14

	
	3
	6.50
	6.50
	28.00
	28.00
	clear
	clear
	0.50
	0.84
	ND
	0.01
	1.87
	0.13
	2.07
	2.40
	11.95
	14.26

	Delta North
	4
	6.40
	5.70
	29.00
	28.00
	clear
	clear
	0.38
	0.84
	ND
	0.02
	2.08
	0.22
	2.16
	2.61
	10.50
	14

	
	5
	6.70
	6.40
	27.00
	28.00
	clear
	clear
	0.60
	0.96
	ND
	0.03
	1.79
	0.48
	1.93
	2.00
	12.90
	13.83

	
	6
	6.80
	5.90
	28.00
	28.00
	clear
	clear
	0.50
	0.93
	ND
	0.03
	1.99
	0.48
	1.97
	1.70
	12.11
	13.78

	
	7
	5.90
	6.10
	28.00
	28.00
	clear
	clear
	0.40
	0.84
	ND
	0.02
	2.41
	0.52
	2.08
	1.80
	11.84
	14.00

	Delta South
	8
	6.30
	6.10
	27.5.00
	28.00
	clear
	clear
	0.70
	0.84
	ND
	0.01
	1.73
	0.41
	1.98
	2.40
	11.3
	15.16

	
	9
	6.40
	6.50
	28.00
	28.00
	clear
	clear
	0.80
	0.74
	ND
	0.02
	2.83
	0.27
	2.73
	2.90
	10.1
	14.00

	
	10

	6.10
	6.20
	28.00
	28.00
	clear
	clear
	0.60
	1.03
	ND
	0.01
	1.94
	0.32
	2.47
	1.80
	10.5
	13.87

	WHO STANDARD,2022
	
	6.5-8.5
	
	25-40
	
	
	100
	
	250
	
5
	
	
	
	
	
	
	


Key, 1= Otoro, 2= Abraka, 3= Eku, 4= Amankpe ((Obiaruko)),5= Umuebo,(Obiaruko) 6= Ase (Kwale),7= River Niger (Kwale),8= Igbudu(Warri), 9= Ugbangwe, (Warri)    10= NPA (Warri) a=dry season, b= wet season
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Code 
	D.O. mg/L  a
	D.O. mg/L b
	B.O.D mg/L  a
	B.O.D mg/L  b
	LEAD mg/l a
	LEAD mg/lb
	CHROMIUM mg/ a
	CHROMIUM mg/ b
	CADMIUM mg/l   a
	CADMIUM mg/l  b
	ZINC mg/l a
	ZINC mg/l  b
	COPPER   a
	COPPER  b
	NITRATE ppm a
	NITRATEPPM b
	IRON ppm a
	

	Delta Central
	1
	7.40
	5.90
	1.80
	1.00
	ND
	0.01
	ND
	11.7
	ND
	<0.01
	1.84
	0.19
	1.84
	0.41
	0.84
	0.41
	0.02
	0.03

	
	2
	6.30
	5.90
	1.60
	1.20
	ND
	0.03
	ND
	0.01
	ND
	0.01
	0.10
	0.38
	1.92
	0.21
	0.92
	0.32
	0.02
	0.01

	
	3
	5.84
	12.00
	1.70
	1.80
	ND
	0.01
	ND
	0.02
	ND
	0.01
	1.87
	0.03
	2.07
	0.28
	1.03
	0.01
	0.03
	0.03

	Delta North
	4
	6.70
	6.20
	2.00
	1.30
	ND
	0.02
	ND
	<0.01
	ND
	<0.01
	2.08
	0.22
	2.16
	0.36
	1.07
	0.19
	0.02
	0.01

	
	5
	6.25
	8.00
	2.40
	1.60
	ND
	0.03
	ND
	0.02
	ND
	0.02
	1.79
	0.48
	1.93
	0.21
	0.87
	0.38
	0.01
	0.03

	
	6
	6.10
	7.00
	1.40
	1.80
	ND
	0.03
	ND
	0.02
	ND
	0.02
	1.99
	0.48
	1.97
	0.31
	0.94
	0.02
	0.02
	0.03

	
	7
	5.84
	11.80
	1.60
	1.60
	ND
	0.02
	ND
	0.02
	ND
	0.01
	2.41
	0.52
	2.08
	0.29
	0.97
	0.01
	0.02
	0.03

	Delta South
	8
	4.94
	5.70
	1.75
	1.00
	ND
	0.01
	0.03
	<0.01
	0.01
	<0.01
	1.73
	0.41
	1.98
	0.19
	1.00
	0.41
	0.02
	0.02

	
	9
	6.40
	6.20
	1.90
	1.30
	ND
	0.02
	0.02
	<0.01
	0.02
	<0.01
	2.83
	0.27
	2.73
	0.26
	1.94
	0.17
	0.03
	0,01

	
	10
	6.60
	6.30
	2.10
	1.2
	ND
	0.01
	0.01
	0.01
	ND
	0.01
	1.94
	0.32
	2.47
	0.21
	1.73
	0.32
	0.03
	0.03

	WHO STANDARD, 2022
	
	7.40
	5.90
	1.80
	1
	
	0.01
	
	
	
	0.03
	
	3.00
	
	2.00
	
	
	0.30
	


_
Key, 1= Otoro, 2= Abraka, 3= Eku, 4= Amankpe ((Obiaruko)),5= Umuebo,(Obiaruko) 6= Ase (Kwale),7= River Niger (Kwale),8= Igbudu(Warri), 9= Ugbangwe, (Warri)    10= NPA (Warri) a=dry season, b= wet season

Table2: Biochemical characteristics of isolates from borehole water
	
	Morphology
	Gram reaction
	Catalase 
	Oxidase 
	Indole
	Citrate
	H2S
	Acid 
	Gas
	Lactose 
	Glucose
	Motility 
	Organism identified

	
	Co0cci
	+
	+
	-
	-
	+
	-
	+
	-
	+
	+
	-
	Staphylococcus aureus

	
	Rod
	+
	+
	-
	-
	+
	+
	+
	-
	+
	+
	+
	Bacillus subtilis

	
	Rod
	-
	+
	-
	-
	+
	+
	+
	+
	-
	+
	+
	Proteus mirabilis

	
	Rod
	-
	+
	-
	+
	-
	-
	+
	+
	+
	+
	+
	Escherichia coli

	
	Rod
	-
	+
	-
	-
	+
	-
	-
	+
	-
	-
	+
	Enterobacter sp

	
	Cocci 
	+
	+
	-
	-
	+
	-
	+
	-
	+
	+
	-
	Enterococcus sp

	
	Rod
	-
	+
	-
	-
	+
	+
	-
	-
	+
	+
	+
	Pseudomonas aeruginosa

	











	Rod
	-
	+
	-
	-
	+
	-
	+
	+
	+
	+
	-
	Klebsiella pneumoniae

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	



Table 3: Bacteria present in dry and wet seasons


	S/NO
	Bacteria isolated in Dry Season
	Bacteria isolated in Wet Season

	1
	Staphylococcus aureus,  Proteus mirabilis Bacillus subtilis, Esherichia oli
	Klebsiella pneumoniae, Escherichia coli, Bacillus subtilis

	2
	Enterobacter sp, E. coli Bacillus subtilis
	Klebsiella pneumoniae, Pseudomonas aeruginosa, Enterococcus sp Escherichia coli, Bacillus subtilis

	3
	Klebsiella pneumonia, Enterobacter sp Staphylococcus aureus
	Pseudomonas aeruginosa, Escherichia coli, Bacillus subtilis, Staphylococcus aureus

	4
	Enterobacter sp, E. coli
	Proteus mirabilis. Escherichia coli, Bacillus subtilis, Staphylococcus aureus

	5
	Enterobacter sp, E. coli
	Klebsiella pneumoniae, Escherichia coli, Proteus mirabilis, Pseudomonas aeruginosa

	6
	Klebsiella pneumoniae, Enterobacter sp Staphylococcus aureus
	Bacillus subtilis,  Proteus mirabilis, Klebsiella pneumoniae, ,Pseudomonas aeruginosa

	7
	Klebsiella pneumoniae, Staphylococcus aureus, E coli, Proteus mirabilis
	Staphylococcus aureus, Klebsiella pneumoniae, Pseudomonas aeruginosa

	8
	Klebsiella pneumoniae, Enterobacter sp Staphylococcus aureus
	Staphylococcus aureus, Proteus mirabilis

	9
	Proteus mirabilis
	Proteus mirabilis, Klebsiella pneumonia

	10
	Klebsiella pneumoniae, Enterobacter sp Staphylococcus aureus
	Bacillus subtilis




Table 4.a: Most probable number (MPN) presumptive test in dry season
	
	Numbers of test tubes giving positive reactions (Acid and Gas)

	
	
	
	
	
	95% confidence limits

	Quantity of water/Samples
	10mL
	1mL
	0.1mL
	MPN per 100mL
	Lower
	Upper

	1
	3
	3
	0
	17
	5
	46

	2
	5
	3
	2
	110
	31
	250

	3
	4
	4
	0
	34
	12
	93

	4
	5
	5
	0
	240
	68
	750

	5
	2
	2
	0
	9
	2
	21

	6
	4
	2
	0
	22
	7
	67

	7
	3
	2
	0
	14
	4
	34

	8
	3
	2
	1
	17
	5
	46

	9
	5
	3
	1
	110
	31
	250

	10
	2
	3
	0
	12
	3
	28


Key: 1 – 10 = sampling locations

Table 4.b: Most probable number (MPN) presumptive test in dry season
	
	Numbers of test tubes giving positive reactions (Acid and Gas)

	
	
	
	
	
	95% confidence limits

	Quantity of water/Samples
	10mL
	1mL
	0.1mL
	MPN per 100mL
	Lower
	Upper

	1
	3
	2
	1
	17
	5
	46

	2
	5
	2
	1
	70
	23
	170

	3
	4
	4
	0
	34
	12
	93

	4
	5
	5
	1
	350
	12
	1000

	5
	3
	3
	0
	17
	5
	46

	6
	2
	3
	0
	12
	.3
	28

	7
	2
	2
	0
	9
	2
	21

	8
	3
	2
	1
	17
	5
	46

	9
	4
	2
	2
	22
	7
	67

	10
	2
	3
	0
	12
	3
	28


Key: 1 – 10 = sampling locations
1= Otoro, 2= Abraka, 3= Eku, 4= Amankpe,5= Umuebo, 6= Ase,7= River Niger,8= Igbudu, 9= Ugbangwe,
10= NPA
Results and Discussion
 The physicochemical analyses of borehole water in two seasons are presented in Table 1. The pH showed that the range of results in stations1-10 for dry and wet seasons were 6.10 to 6.80   and 5.7- 6.50 respectively. The pH values obtained in the wet season was not within the permitted value (6.50-8.50) by WHO. About (80%) of stations were lower than permitted values by WHO and only 20% were within the approved values. Also in dry season only 50% of the locations were within the permitted limit. These results contrasted other findings where the higher values were noticed during the wet season (Onuorah et al, 2019, Otieno et al., 2015). The reason for lower pH in both dry and wet could be soil chemistry. Previous studies on soil physicochemical analysis showed acidic soil in Abraka area which is under the Central Senatorial district of Delta State (Adomi and Morka, 2020; Akporhornor and Agbaire, 2009) this study is however, consistent with Kortasi et al., (2009) and Edeki, et al. (2023),whose pH range were 4.5-6.9 and 4.7-6.8 respectively. Temperature was 27-28oC which conformed with WHO standard of 25-40oC. No much variation between wet and dry season in this study. Previous research on borehole water during dry and wet season in Nigeria (Anambra and Edo) yielded similar results (Onuorah et al., 2019; Josaiah et al., 2014). All the water both in dry and wet were colourless/clear. Also, values recorded for hardness were within the recommended value.
	According to WHO (2022), chlorine may occur in disinfected drinking-water at concentrations of 0.2-1mg/L. Chlorine was not detected during the dry season in this study. However, it occurred within the range of 0.01-0.03mg/L in wet season with the higher values detected in Abraka, Obiaruko and Kwale. The Cl- concentration was similar to that obtained by Tadzebia, et al. (2023). The levels found in wet season in this study is not harmful to health and within the recommended value of 250mg/L for drinking water.
	The electrical conductivity (EC) in dry season ranged between 1.10-2.83µS/cm.The values obtained though lower than previous studies (41-910 µS/cm; 14.655 µS/cm )(onuorah, et al., 2017, Eboagu et al., 2023) are yet within the permitted value for electrical conductivity of 500 µS/cm. However, the total dissolved solids values in dry season was within 10.5-11.75mg/L and in wet seasons 13.83-16.05 mg/L.These values were with in the permissible limit, in addition, similar  values of the same range (11.22-19.50mg/L) were detected in other study (Eboagu et al., 2024)
	 The values obtained  for dissolved oxygen were within the ranges of  5.84-6.00mg/L in dry season and 5.90-12.00mg/L in wet  seasons. All values obtained for dry and wet seasons are within the permitted value of 7.5 except for borehole water from Eku and Kwale (12.00 and 11.80mg/ L)
	Biological oxygen demand (1.40-2.10mg/L) in dry season and 1.00-1.80mg/L in wet season, the values are all within the WHO permitted value of 6.
Heavy metal concentrations in this study are quite striking lead, chromium and cadmium were not detected, except in Delta South Senatorial district  for chromium and cadmium. The level obtained for wet Season were quite higher than the permitted values for WHO for these heavy metals.  Zinc and iron  were within the permitted value. The results tallied with previous study where  cadmium, lead and   coliforms were detected in borehole water within Obiaruko town, Delta State at above the permitted value(Amitaye, 2014). The higher level of cadmium and  lead in water maybe due to seepage of  metal from the environment especially when the bore hole is situated close to waste dumps. These heavy metal, however were not detected during the dry season in this study.
Bacterial isolates identified in this study is presented in Table 2. Bacteria isolated were; Pseudomonas aeruginosa Bacillus subtilis, Klebsiella pneumoniae, Escherichia coli, Proteus mirabilis, Staphylococcus aureus, Enterococcus sp and Enterobacter sp. (Table 3) 
The most probable number (MPN) of bacteria ranged  from 12 to more than 300 bacteria per 100 ml (Table 4). All water samples from these locations showed high levels of coliform bacteria, higher than the recommended value of 0 by WHO.The results from MPN test  correlated with previous studies (Terebe et al., 2022; Ibe and Okplenye, 2005).
Conclusion
Study showed that the lead, cadmium and chriomium  contents of borehole water in wet  season were above the permitted value by WHO in thr three senatorial districts of Delta State,  however, zinc and iron content was within the permitted values. Bacteriological report revealed that selected borehole water from two senatorial districts (Central and North) in both seasons contained Escherichia coli, indicating poor quality of water from such boreholes. It is therefore recommended that the borehole water undergo chlorination and other purification before consumption.
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