Water Quality Index of Selected Borehole Water along Pipeline Routes in Parts of Obio/Akpor Local Government Area, Rivers State Nigeria


ABSTRACT
[bookmark: _GoBack]Water is the principal component in the earth which supports the life of all living and groundwater is a very important source of water which must be managed in sufficient quantity and quality contributes to maintaining health. The study examined  water quality index of selected borehole water along pipeline routes in parts of obio/akpor local government area , Rivers State Nigeria. Water samples (15) were sourced from communities (Rumuoke, Rumukania and Egbelu) where decommissioned pipelined pass through and analysed for physicochemical and heavy concentration following the standard methods of the American Public Health Organization (APHA) and the American Society for Testing and Materials (ASTM).  The findings revealed that the pH mean concentration was 5.34 across the study area and all concentrations reported are within the WHO and NSDWQ allowable limits. The mean concentration of electrical conductivity (107.51 µS/cm), TDS (69.73 mg/l),  (0.02 mg/l) and  (4.52 mg/l) reported are within the WHO and NSDWQ allowable limits. The groundwater sample WQI was 21.61 and can be classified “Excellent Water”. It was concluded that the decommissioned pipelines had no direct impact on the quality of the groundwater.
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1. INTRODUCTION
Water is essential for life and for all economic activities. It is used for domestic, industrial and agricultural purposes. Having sufficient water in sufficient quantity and quality contributes to maintaining health. The availability of water of good quality is essential to prevent diseases and to improve the quality of life. The use of water increased due to increasing in human population and activities (Al-sudani, 2018). Groundwater is one of the important components in development of any area. It is the major potable, agricultural and industrial source of water. In 2003, it was estimated that groundwater holds nearly 50% of the drinking water supply, 40% of the demand for industrial water, and 20% of the water used for irrigation (Al-sudani, 2019).
[bookmark: _Hlk176183766]Assessment of groundwater quality is critical for resource planning and environmental management (Mohamed et al., 2019). Since water quality status can be described by a number of physical, chemical, and biological parameters, large amounts of data make assessment and comparison significantly difficult (Mester et al., 2020). The most important benefit of water quality indices (WQI) is to provide a simplified approach for the assessment of water quality by greatly minimizing the data volume and simplifying the expression of water quality status (Al-Omran et al., 2018; Mester et al., 2020). Thus, the use of these indices in ecosystem monitoring programs makes it possible to inform the general public and decision-makers about the state of the environment (Tiwari et al. 2016; Venkatramanan et al. 2017; Bilgin, 2018; Wu et al. 2020; Mester et al., 2020). This approach can also help to provide a benchmark for evaluating the successes and failures of management strategies in improving water quality, and it will also indicate what actions should be modified (Mester et al., 2020).
Water is the principal component in the earth which supports the life of all living. Groundwater is a very important source of water, specifically in the semi-arid and arid region. It supports all types of uses (drinking, irrigation, and industrial) (Hamzaoui-Azaza et al. 2020; Aouiti et al., 2021). However, groundwater is threatened by severe problems caused by natural/anthropogenic factors, such as the extensive agricultural activities, the marine intrusion, the population growth, and the industrial development (Zammouri et al. 2013; Aouiti et al., 2021). This factor engendered a degradation in the quality and the quantity and the quantity of groundwater in many countries: for example, Ameur et al. (2016) found that the water quality, in the northeast Tunisia, is at poor level due to the nitrate pollution that originate from the excessive use of nitrate-rich fertilizers. Adimalla (2019) conducted a study on the effect of the rapidly urban activities (South India) on water quality and the human health risk related to the nitrate and the fluoride pollution.
Several criterial are considered when carrying out groundwater quality assessment. Assessment can be carried using different methodologies (Satyajit, et al., 2020; Megahed, 2020; Knopek & Dabrowska, 2021; Afolabi et al., 2023) and based on specific parameter focus (Lofti et al., 2020, Ibe et al., 2020; Ogbaran & Uguru, 2021; Saleh et al., 2022). However, the study focused on assessment of groundwater quality along pipeline routes using various water pollution indices specifically water quality index (WQI). The outcome of the study can provide future reference for groundwater quality studies in the study area and beyond, and create the needed awareness about environmental implication of human activities influence on groundwater sustainability.
2. MATERIAL AND METHODS
Study Area
The study was carried out in Rumuoke, Rumukania and Egbelu communities in Obio/Akpor LGA. Obio/Akpor LGA is one of the 23 local governments of Rivers state, found in the south southern part of Nigeria, otherwise called the Niger Delta Region of Nigeria, located approximately between latitude 4º 45” N through 4º 56” N and longitude 6º 52” E through 7º 6” E (Figure 1). Consequent on rapid urbanization and the rising industrial and commercial growth of the city of Port Harcourt, more goods and services are being made available, thus the springing up of fuelling stations, to meet up with the demand of the growing population arises.  Reconnaissance survey was carried out on the 30th November, 2024 to help familiarize with the study area. GARMIN Extech 76 held Global Positioning System (GPS) was  deployed during the reconnaissance survey to obtain the coordinates of the sampling points in the study 

2.1 Data (Sampling) Collection and Procedure
Sampling Points/Sites
The water samples for the study was collected from boreholes;  groundwater sources around the study area [Rumuoke, Rumukania and Egbelu communities all within Obio/Akpo local government area of Rivers State.], Specifically, water samples were collected from sixteen [16] boreholes during the in December 21st 2024) and was  tested for various physicochemical, and heavy metals parameters. To prevent confusion and mix up of the water sample, each sample  was tagged accordingly with the generic name and symbols.
[image: ]
Figure 1: Overview of the Study Area and Sampling Points
Sample Collection Procedure
With the aid of labeled lucid bottle, water samples were collected  from various designated water source. Prior to the water collection, the lucid bottles were cleaned with 70% sterilizer in order prevent impurities and other form of contamination. Afterwards, the water samples were collected from each designated point and the bottles were be fill to the prim. Thereafter, the filled bottles were be immediately placed in the ice-parked cooling medium to arrest continuous microbial activities and preserve the water before been taken to the laboratory for analysis.
[bookmark: _Hlk182936311]Data Analysis
[bookmark: _Hlk182248284][bookmark: _Hlk182936519][bookmark: _Hlk198758429][bookmark: _Hlk182936653]The concentration of groundwater quality parameters (pH, Temperature, Turbidity, Total Dissolved Solid (TDS), Electricity Conductivity (EC),  Chloride, Salinity, Dissolved Oxygen, Sodium, Calcium, Magnesium, Sulphate, Nitrate and Copper (Cu) were analysed. All physicochemical parameters were analyzed by following the standard methods of the American Public Health Organization (APHA) and the American Society for Testing and Materials (ASTM), similar to those described by Khalid et al. (2018) and Latif et al. (2024). The acidified water samples were filtered using Whatman ashless filter paper and thereafter analysed with Atomic Absorption Spectrophotometer (Shimadzu AA-6650) using standard method (ASTM D1971/4691) to determine the level of heavy metals in the sample (Afolabi et al., 2022).
Water Quality Index (WQI)
In this study, weights (wi) will be assigned to water quality indicators based on the health consequences of those parameters for drinkable water (Chegbeleh et al., 2020). WQI is taken into consideration for human consumption. Weight values (wi = 1–5) for the parameters will be adopted based on similar studies (Ibe et al., 2020; Peterside et al., 2022), and all metals will be assigned weight values of 5 because they are essential factors that affect groundwater quality and are thought to be health-associated. In addition, WQI entails calculating the subindex (SI) (equation (3)), water quality index (WQI) (equation (4)), and relative weights (Wi) (equation (1)) and the quality rating scale (qi) (equations (2).




Where wi= weight values for parameters, Ci = Concentration of parameters and Si = Standard value of Parameters, qi = Quality rating scale. The standard value of WHO for parameters was adopted for the study (Afolabi et al., 2022). The estimated WQIs were categorized based on Sahu and Sikdar (2008) categorization where <50: Excellent water, 50-100: Good water, 100-200: Poor water, 200-300: Very poor water, and >300: Water unsuitable for drinking.
3. RESULTS AND DISCUSSION 



[bookmark: _Hlk174566649][bookmark: _Hlk196072958]The concentration of groundwater quality parameters used for analysing WQI was collected from boreholes (BH 1-15)  and the outcome was presented in Table 1. The pH mean concentration across the sampled points was 5.34 across the study area and the reported concentrations were within those reported by Addisie (2022) at 6.5 to 7.45. The temperature mean concentration across the sampled points was 28.4 °C. Temperature in this study was found within permissible limit of WHO (30 °C). The salinity mean concentration across the sampled points was 0.01 was similar to those reported by Emmanuel et al. (2024). The EC mean concentration across the sampled points was 107.51 µS/cm. All concentrations reported are within the WHO (2018) and NSDWQ 



Table 1: Physiochemical Concentration of Groundwater Quality
	[bookmark: _Hlk189495017]
	BH1
	BH2
	BH3
	BH4
	BH5
	BH6
	BH7
	BH8
	BH9
	BH10
	BH11
	B12
	BH13
	BH14
	BH15
	CON
	Mean
	WHO
	NSDWQ

	pH
	6.57
	5.49
	5.34
	5.71
	4.95
	5.29
	6.41
	5.09
	5.00
	5.69
	4.92
	4.23
	6.62
	4.53
	4.31
	7.88
	5.34
	6.5 - 8.5
	6.5 - 8.5

	Temp ºC
	27.8
	27.9
	27.0
	27.2
	27.7
	24.4
	28.4
	33.8
	30.0
	30.1
	30.3
	29.9
	30.2
	30.0
	21.2
	29.9
	28.39
	Amb.
	Amb.

	Salinity
	0.01
	0.01
	0.01
	0.01
	0.01
	0.02
	0.01
	<0.01
	0.01
	0.01
	0.01
	0.0
	0.01
	0.01
	0.02
	0.0
	0.01
	NS
	NS

	EC (µS/cm)
	166.2
	156.9
	123.1
	126.2
	101.9
	132.7
	77.71
	99.20
	15.67
	16.73
	33.89
	428.5
	37
	57.47
	39.53
	82.95
	107.51
	1000
	1000

	TDS
	105.0
	98.74
	79.25
	79.47
	64.06
	83.12
	49.9
	57.99
	8.71
	10.33
	21.18
	281.0
	45.29
	36.5
	25.38
	82.92
	69.73
	1500
	500

	DO
	5.61
	6.12
	5.1
	4.72
	5.4
	5.2
	5.10
	4.7
	6.62
	4.99
	4.78
	5.10
	4.71
	5.0
	6.7
	5.46
	5.32
	5.0
	> 4

	Nitrate
	0.037
	0.041
	0.031
	0.023
	0.02
	0.029
	0.017
	0.018
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	0.012
	<0.001
	0.02
	50
	50

	Chloride
	7.99
	7.99
	5.99
	6.99
	4.99
	7.99
	3.99
	3.99
	0.99
	1.99
	1.99
	2.99
	2.99
	2.99
	3.99
	2.99
	4.52
	600
	100

	Sulphate
	0.049
	0.053
	0.047
	0.042
	0.037
	0.042
	0.033
	0.036
	0.002
	0.013
	0.016
	0.018
	0.026
	0.022
	0.035
	0.014
	0.03
	400
	100

	Phosphate
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	-
	5
	5

	Sodium
	0.088
	0.121
	0.062
	0.079
	0.063
	0.104
	0.069
	0.084
	0.009
	0.073
	0.052
	0.072
	0.044
	0.061
	0.044
	0.052
	0.07
	-
	-

	Calcium
	0.221
	0.285
	0.211
	0.279
	0.187
	0.192
	0.203
	0.211
	0.048
	0.076
	0.061
	0.052
	0.061
	0.082
	0.077
	0.081
	0.15
	100
	-

	Magnesium
	0.013
	0.027
	0.031
	0.012
	0.034
	0.041
	0.038
	0.026
	0.012
	0.027
	0.033
	0.012
	0.018
	0.032
	0.039
	0.027
	0.02
	50
	-

	Copper
	0.022
	0.016
	<0.001
	0.009
	0.016
	0.027
	<0.001
	0.011
	0.009
	0.011
	<0.001
	0.007
	0.013
	0.015
	<0.001
	<0.001
	0.014
	2
	0.3


BH: Borehole, CON: Control, WHO: World Health Organisation, NSDWQ: Nigeria Standard for Drinking Water Quality, TDS: Total Dissolve Solid, DO: Dissolved Oxygen

(2007) allowable limits. The concentration reported for the study lower than those reported by Meride and Ayenew (2016). The TDS mean concentration across the sampled points was 69.73 mg/l. All concentrations reported are within the WHO (2018) and NSDWQ (2007) allowable limits but lower in concentration to those reported Afolabi et al. (2022) for groundwater around dumpsites. The DO mean concentration across the sampled points are 5.01 mg/l across the study area. The higher the concentration of DO the better the water quality (Ojekunle & Lateef, 2017). 
[bookmark: _Hlk182239275][bookmark: _Hlk174566992]The  mean concentration across the sampled points are 0.01 mg/l across the study area. All concentrations reported are within the WHO (2018) and NSDWQ (2007) allowable limits and within the range reported by Meride and Ayenew (2016). The  mean concentration across the sampled points are 4.52 mg/l across the study area. The Cl reported for this study was similar to those reported by Asaomaku (2022) while the higher than those reported by Khalid et al. (2018). The mean concentration across the sampled point was 0.03 mg/l across the study area.  All the reported concentrations are similar to those reported by Afolabi et al. (2022) for groundwater and Magaji (2020) for Sachet water produced. All the inorganic elements (Na, Ca and Mg) reported are similar in concentration across the study area while the reported concentrations are below the WHO allowable limit. The concentration reported for inorganic elements are lower to those reported by Afolabi et al. (2022). According to Adimalla and Wu (2019), inorganic elements are from natural sources, although anthropogenic activities can also increase their concentration in groundwater. The Cu concentration ranged from 0.007 mg/l at BH9 to 0.027 mg/l at BH6 with mean concentration of 0.014 and control sample concentration of <0.001 mg/l. All the reported concentrations were below the WHO (2018) and NSDWQ (2007) allowable limit. The outcome is similar to the concentration reported by Laniyan and Adewumi (2019), Naminata et al. (2018) and Afolabi et al. (2022) for similar Cu concentration for groundwater. 
[bookmark: _Hlk174563545][bookmark: _Hlk151138560][bookmark: _Hlk151138646]The WQI of groundwater samples (based on mean concentration) across the water samples were evaluated for the quality for consumption and other purposes and the outcome was presented in Table 2. The groundwater sample had WQI of 21.61. From the WQI analysis, the groundwater sample can be classified “Excellent Water”. The values obtained in this current study is lower than those reported by Asomaku (2022) with WQI values (35.12 – 62.97) for selected groundwater. Similar outcome was reported by the study conducted by Akter et al. (2016). The procedure adopted for the study was similar to those reported by Manna and Biswas (2023) for drinking water quality index. 
[bookmark: _Toc183723812]Table 2: WQI of groundwater of the Study Area
	Parameters
	wi
	Si
	Wi
	Groundwater

	
	
	
	
	Ci
	qi
	SI

	PH
	4
	8.5
	0.06
	5.34
	62.82
	3.77

	Temp
	4
	40
	0.06
	28.4
	71.0
	4.26

	Salinity
	4
	1000
	0.06
	0.011
	0.0011
	0.00006

	TDS
	4
	50
	0.06
	69.73
	139.46
	8.37

	Conductivity
	4
	1000
	0.06
	107.51
	10.75
	0.65

	DO
	4
	7.5
	0.06
	5.32
	70.93
	4.26

	Nitrate
	5
	50
	0.08
	0.03
	0.06
	0.0048

	Chloride
	3
	250
	0.04
	4.52
	1.808
	0.072

	Sulphate
	4
	250
	0.06
	0.03
	0.012
	0.0007

	Sodium
	2
	200
	0.025
	0.07
	0.035
	0.0009

	Calcium
	3
	200
	0.04
	0.15
	0.075
	0.003

	Magnesium
	2
	150
	0.025
	0.03
	0.02
	0.0005

	Copper
	4
	2
	0.06
	0.014
	0.7
	0.042

	Iron
	3
	0.3
	0.05
	0.011
	3.67
	0.183

	
	
	
	
	
	
	

	
	ΣWi=50
	
	
	WQI=21.61






4. CONCLUSION 
The groundwater sourced through boreholes along a decommissioned oil and gas pipeline routes was assessed for its quality status based on water quality index based on the concentration of various groundwater parameters. The water quality index of the groundwater was “Excellent water”. Based on the outcome of the study, it was concluded that the decommissioned pipelines had no direct impact on the quality of the groundwater. The study suggested the need for further assessment using other water quality assessment metric for more comprehensive outcome.
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