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Abstract
Field reconnaissance surveys were carried out in the upland area of Rivers State, Nigeria, to determine proximate areas associated with artisanal petroleum refining, otherwise called Kpo-fire in local parlance. Thereafter, surface water samples were collected from four Local Government Areas (Emuoha, Etche, Eleme and Omuma LGAs) using sterilized sample bottles, and taken to the laboratory for water quality analyses. Surface water-pH. electrical conductivity (EC), Salinity, dissolved oxygen (DO) and biochemical oxygen demand (BOD) were determined as part of a preliminary assessment. pH values range from 6.49 to 7.58, indicating slightly acidic to neutral conditions. EC varied from 281.7 to 983.42 µS/cm, while Salinity ranged from 35.28% to 84.96%, with the highest at Eleme Downstream (84.96%). DO fluctuated between 7.86 mg/l and 19.02 mg/l. All values were well within the regulatory limit. However, the slightly lower pH (slight acidity) and higher turbidity suggest that there was reduced water quality in these areas. It is, therefore, necessary to mitigate the dangers linked to artisanal petroleum refining in the study areas specifically and the entire Nigeria’s Niger Delta region in general, through institutional strengthening and the application of relevant environmental and petroleum-related laws.
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Introduction
The Niger Delta region, which has River State as one of its central entities, is associated with crude oil extraction and production due to the proliferous nature of its oil-bearing communities. However, the marginalization of the host communities has historically fuelled non-violent and violent protests across the region. Violent protests have often straddled communal conflict, insurgency, and criminal acts such as the sabotage of oil installations, crude oil theft, and the artisanal refining of illegally tapped crude oil by local small-scale operators. Oil theft and the illegal refining of stolen crude oil have also been adopted as a form of protest by indigenous ethnic minority groups agitating for oil rresource control (Collinns and wali, 2020; Sam et al., 2024; NOSDRA, 2025; Owordi et al., 2025). Artisanal refining, commonly referred to as “kpo-fire” in local parlance, involves boiling crude oil and collecting the resultant fumes, which are condensed in tanks and utilized locally for lighting, fuel, and transportation purposes. Some typical products of the process include gasoline, automated gas oil, and kerosene. Despite the socioeconomic advantages, which include creating jobs, it poses significant environmental and public health concerns (WHO, 2004; Richard et al., 2023). One of such environmental hazards of public health interest is the despoliation of the surface water within the vicinity of the local refinery. 
Surface water (such as streams, rivers, ponds, lakes, creeks, lake and sea water) is one of the crucial components of the aquatic environment (Olubukola et al., 2023; Onuigbo et al., 2025). They sustain ecological systems and provide habitat for many plant and animal species. They also support a myriad of human uses, including drinking water, irrigation, livestock, industrial uses and recreation (Chapman, 1996). Over time, the quality of surface water deteriorates as a result of natural and human-related activities such as artisanal petroleum refining. Surface water quality has a significant impact on water supply and oftentimes determines supply options (Ouyang, 2005; Lodder et al., 2010). The quality of surface water can be used to identify the sources and fates of toxic contaminants and pollutants (Carroll et al., 2006).  
Management of water bodies requires the periodic monitoring and evaluation of the aquatic ecosystem, which in turn requires the collection and analysis of water quality datasets.  Water quality values serve as useful and sensitive indicators of changes in the physical, chemical or biological composition of the overall water status (Olubukola et al., 2021). The presence or absence of certain chemical elements such as physical and chemical parameters like dissolved oxygen (DO), temperature, dissolved carbon dioxide (DCO), pH, conductivity, chemical oxygen demand (COD) and biological oxygen demand (BOD) in a water body, might be a limiting factor in the productivity of that aquatic ecosystem. The balance of physical, chemical and biological properties of any given water body is thus an essential ingredient for successful production of fish and other aquatic resources. The objective of this work is the assess the level of alterations of surface-water parameters as indicators of the water quality in the areas affected by artisanal petroleum refining. Identifying the source (s) of contamination and developing appropriate management strategies are essential to minimizing potential public health risks. Moreover, data obtained via assessment and monitoring water quality provides empirical evidence to assist health and environmental decision making. The assessment of water quality is therefore very pertinent to both public health and aquatic life.

2.0 Materials and Methods
2.1 Brief description study area
2.1.1 Geo characteristics of study area
Four local government areas (Emuoha, Etche, Eleme and Omuma) were selected out of the 25 constituent local government areas of Rivers State (Fig. 1). These areas belong to the drier “upland” area of the State which constitutes 61% of the landmass. This area witnesses two major seasons which are the dry and the rainy seasons. The average humidity of the area is 88 percent while the total annual rainfall in the LGA is 3600 mm. The entire topography of the State is characterized by a maze of effluents, rivers, lakes, creeks, lagoons and swamps criss-crossing the coastal lowland and tidal systems. The area is characterized by high rainfall, which decreases from south to north. Total annual rainfall decreases from about 4,700 mm on the coast to about 1,700 mm in extreme north of the State. Mean maximum monthly temperatures range from 28°C to 33°C, and relative humidity is high throughout the year but decreases slightly in the dry season. An overwhelming majority of the people of the study area are involved in two primary activities: farming and fishing, and the fishing population is almost exclusively dominated by artisanal fishermen (Ogbonna et al., 2023). 
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Fig. 1. Location map of study areas where sampling was carried out

2.1.2 Field reconnaissance survey and sample collection
Field reconnaissance surveys of Emoha, Etche, Eleme, and Omuma Local Government Areas of River state in the Sothern Niger Delta province of Nigeria (Fig 1)  was carried out with a view to locate areas where artisanal refining (Kpo-fire) was taking place. Water bodies were located within such vicinities and mapped out as potential sample locations (Ogbonna et al., 2023). Sampling was later carried in the designated locations with the assistance of a field Guide, after appropriate security clearance. Of the four LGAs where samples were collected, Omuma LGA was used as reference control since reconnaissance revealed that the area was not prone to artisanal petroleum refining. 
Water samples were later collected from the streams (Plates 1-3) at the designated locations. The sterilized samples bottles were rinsed three times with the sample water before collection, and nitric acid (HNO₃) is added to adjust the pH to below 2 for preservation. The bottles containing the samples were corked, clearly labelled and taken to the laboratory where they then stored at 4°C until analysis was carried out
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Plate 1: A cross setion of a river in the study area located within the vicinity of artisanal refining
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Plate 2: A photographic plate showing one of the rivers at the study site of Emuoha
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Plate 3: A cross-sectional view of the study site at Eleme in Rivers State

2.2 Laboratory analysis 
Water temperature (Mercury-filled Celcius Thermometer), transparency (secchi disc method), turbidity (Nephelometric method, Systronic type No. 131), pH (Electronic digital instrument, model T-MS 30) and electrical conductivity (electrometric method) were estimated at the spot and rests of the parameters were determined in the laboratory within five hours of collection. Total suspended solids were measured by oven-dried method; total dissolved solids were estimated by filtration and oven dried method. Acidity was measured by titration method; dissolved oxygen (DO) was measured Winkler-azide modification method (APHA, 1985). Free carbon dioxide was measured titration method (APHA, 1985); Alkalinity was measured by titration method (Jenkins and Moore, 1977). Hardness was estimated by following EDTA titration method. Calcium and magnesium were measured by gravimetric method (Saxena and Saxena, 2013). Biochemical oxygen demand (BOD5) was measured by five-day BOD test (APHA 1992). 
2.3 Statistical Analysis
All results obtained were subjected to descriptive statistical analysis by estimating the deviations from the Mean values of three replicate samples. 
3.0 Results and Discussion
Results of the water quality parameters assessed (pH, Electrical conductivity, salanity, dissolved oxygen, and biochemical oxygen demand) are collected in Figures 2-6).  Figure 2 contains te result oof the mean pH value of 6.67 (±0.14), which indicates slightly acidic to neutral conditions. This is generally acceptable for aquatic ecosystems and human use. The low standard deviation suggests minimal variation across sampling locations.  

Fig. 2: pH levels of surface water across the Sampled Stations

Figure 3 shows the spread of electrical conductivity (EC) across the upstream and downstream samples from the different locations. The mean EC value of 667.48 µS/cm (±212.16) indicates a moderate level of dissolved ions in the water. The high standard deviation suggests significant variations in conductivity, which could be due to differences in pollution levels or natural geological influences.   


Fig. 3: Electrical conductivty levels of surface water across the sampled stations
Figure 4 presents the distribution the various percentage salinity levels in the analysed samples across the locations from where samples were collected. The mean salinity of 55.76% (±15.76) highlights a considerable fluctuation in salt concentration across the sites. Elevated salinity levels may impact aquatic life and water usability for domestic and industrial purposes. 
Electrical conductivity and Salinity are relative indices. Salinity is often measured by conductivity. EC is a measure of the ability of water to pass electricity current. Conductivity in water is affected by the presence of inorganic anions such as Cl-1, HCO3-1, CO3-2, NO3-2, SO4-2, and PO4-2 or Na, Mg, Ca, Fe, and Al cations (Osuji and Uwakwe, 2006). Organic compounds like oil, phenol, alcohol, and sugar do not conduct electricity current very well and therefore a low conductivity when in water. Conductivity is related to both total concentration of ionized substances in the water and the temperature at which the measurement is made. 	


Fig. 4: Salinity levels of surface water across the sampled stations
With conductivity being closely related to cation and anion concentration, aquatic life can be affected when it is high (high conductivity = high concentrations; low conductivity = low concentrations). In coastal areas, river estuaries, bays and harbours where there is an influx of freshwater, salinity values are not only variable, depending upon the climate condition (precipitation) in terrestrial areas, but are also lower than those encountered seaward. In estuarine areas, salinity values will also change with the tides. They will increase at high tide and decrease at low tide.
Figure 5 contains the concentration of dissolved oxygen (DO) across the different sample locations. The average DO concentration of 13.89 mg/L (±3.66) is within a healthy range for most aquatic organisms. However, the variation in DO levels suggests that certain locations may have lower oxygen availability, which could affect aquatic biodiversity.


Fig. 5: Dissolved Oxygn (DO) levels across the sampled locations
Dissolved Oxygen is essential to the respiration of most aquatic organisms. The distribution of oxygen in freshwater habitats is governed by a balance between inputs from the atmosphere and photosynthesis, and losses due to chemical and biological oxidation. Oxygen distribution is important for the direct needs of many organisms and affects the solubility and availability of many nutrients. It is therefore central to the productivity of aquatic ecosystems (Osuji and Uwakwe, 2006).
Figure 6 contains the distribution of the biological oxygen demand measured after five days (BOD5) across the different sampled locations. The BOD5 values range from 4.82 mg/L in Emohua Downstream to 10.17 mg/L in Etche Downstream, remaining well below the regulatory limit of 30 mg/L. BOD serves as an indicator of organic pollution, and while all recorded values fall within permissible limits, locations like Etche Downstream and Omuma Upstream, which exhibit relatively higher BOD levels, may be experiencing some degree of organic waste contamination.
.   


Fig. 6: Biological Oxygen Demand levels across the sampled locations
Generally, the pH values range from 6.49 to 7.58, indicating slightly acidic to neutral conditions, are all below the regulatory limit of 8.5. Electrical Conductivity (EC.) varies from 281.7 to 983.42 µS/cm, remaining within the 1000 µS/cm limit. The highest conductivity is recorded at Eleme Midstream (983.42 µS/cm), while the lowest is at Emohua Downstream (281.7 µS/cm). Salinity (%) ranges from 35.28% to 84.96%, with the highest at Eleme Downstream (84.96%). All values are well within the 1000% regulatory limit. Dissolved Oxygen (DO) levels fluctuate between 7.86 mg/l and 19.02 mg/l, falling below the 23 mg/l regulatory limit. The highest DO is observed at Eleme Downstream (19.02 mg/l), while the lowest is at Emohua Downstream (7.86 mg/l). These results indicate that all measured parameters comply with regulatory standards (FMEnv, 1991; EGASPIN-DPR, 2018). The pH remains within an acceptable range, conductivity and salinity levels are safe, and dissolved oxygen concentrations, although below the maximum limit, are still sufficient to support aquatic life.
The results obtained from this study did not also show any significant statistical variation as seen in Table 1. All the results obtained from the upstream, midstream and downstream locations only showed slight variations that were not statistically significant (cf: Table 1).  



Table 1: Descriptive Statistical Summary (mean and standard deviation) of the water quality indices analysed for each location						
	Location
	Mean pH ±SD 
	Mean EC
±SD (µS/cm)
	Mean Salinity
±SD (%)
	Mean±SD  
DO (mg/L)

	Etche
	6.66±0.4
	752.93±173.46
	50.85±8.89
	15.99±2.4

	Eleme
	6.76±0.7
	872.02±106.95
	65.93±20.7
	14.73±3.89

	Emohua
	6.69±0.22
	433.3±137.47
	54.75±19.34
	9.96±2.6

	Omuma
	6.54±0.06
	626.5±79.71
	46.93±5.8
	16.45±0.92



These values suggest no immediate environmental concern, but continued monitoring is advisable to ensure water quality stability.

4.0 Conclusion and Recommendations
The findings indicate that artisanal refining activities affect some physicochemical parameters of surface and interstitial water, with varying levels of impact. There was a reduction in water quality, characterized by the slightly lower pH (slight acidity) and higher turbidity. It is, therefore, necessary to mitigate the dangers linked to artisanal petroleum refining in the study areas of Rivers State and indeed the entire Nigeria’s Niger Delta region, through institutional strengthening and licensing of the artisanal petroleum operatives in the region and applying the environmental and petroleum-related laws in Nigeria. Furthermore, the enlightenment of the populace on the dangers of the long-term impact of artisanal petroleum refining is crucial to avert the possible public health hazards associated with the elevated water quality indices 
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