


Assessment of Physico-chemical, Heavy Metals and Microbial Characteristics of a Surface Water Resource: The Rumuosi Borrow Pit, Port Harcourt, Nigeria

ABSTRACT 
Aim: Rumuosi borrow pit water quality was assessed to determine its physico-chemical, heavy metal, and microbial properties and quality for human use. 
Study design: Descriptive research design was used. One random sample point on each side of the study area was located and sampled following standard procedures. 
Place and duration of study: The Study was carried out on the Rumuosi borrow pit located at the intersection of the East-West Road with the New Port Harcourt Airport Road, Port Harcourt in southern Nigeria. 
Methodology: Grab sampling technique was used for sample collection. Water samples were collected using clean and sterile bottles and labeled, placed in an ice-packed coolant bag, and taken to AnalConcept laboratory Limited for physico-chemical, heavy metal, and microbial properties analyses. 
 Results: Water colour ranged from 217 Pt-Co to 298 Pt-Co, odour: unobjectionable, pH: 6.5 – 6.6, biochemical oxygen demand: 0.42 mg/L– 0.79 mg/L, dissolved oxygen: 4.7 – 5.3 mg/L, phosphate: 0.15 mg/L– 0.27 mg/L, nitrate: 0.3 mg/L– 0.7 mg/L, and total hydrocarbon content: 0.01 mg/L. Alkalinity: 40 mg/L - 100 mg/L, copper (Cu): 0.026 mg/L– 0.047 mg/L, mercury (Hg), lead (Pb): 0.001 mg/L, and total coliform and faecal coliform counts: ≥ 2,400 MPN/100 mL. Mercury (Hg), lead (Pb), and copper (Cu) levels and coliform counts were at a risk threshold.
Conclusion: Water physico-chemical properties were below the standard provisions and good for use as a fish pond and irrigation, but levels of copper (Cu), mercury (Hg), lead (Pb), total and faecal coliforms were at hazardous levels. Therefore, the Rumuosi borrow pit water is of bad quality to serve as a source of clean water supply for human use.
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INTRODUCTION
In most developing countries, development projects such as road construction, erosion control, building construction, etc., are common. These projects excavate acres of massive open pits on land, which are non-natural depressions called borrow pits (Lawal, 2011). In most cases, the borrow pits are abandoned after the closure of excavation, and these become unmanaged man-made earthen ponds or are used as waste dump pits as a means of reclaiming such degraded land by the waste landfilling method. 
In Nigeria, several such abandoned borrow pits exist nationwide (Nwachukwu and Osoro, 2013; Nwachukwu et al., 2017). One such abandoned borrow pit in Rivers State is at Rumuosi, a small town located on the outskirts of Port Harcourt city. This borrow pit was excavated over four decades ago during the construction of the Port Harcourt section of Nigeria’s East-West Road. After the completion of the road construction, the borrow pit was not put to any use. In shallow groundwater areas, borrow pits constantly receive and store water from runoff, precipitation, and recharged water through seepage from surrounding areas and groundwater, like earthen ponds (Van Steenbergen et al., 2021). In line with UN-SDG 6 of Agenda 2030, borrow pits can be managed towards achieving the sustainable supply of clean water for human use in aquaculture (Van Steenbergen, 2017). Ecologically, borrow pits provide habitat for diverse species of hydrophytes, amphibians, reptiles, and other animals and therefore support biodiversity conservation (Rein et al., 2013). However, despite the actual and potential importance of borrow pits, they are affected by the pollution of their water content. Pollution of borrow pit water damages its quality, which may be harmful for the ecosystem it supports.
A review of some literature showed that no study has been undertaken to assess and determine the water quality of the Rumuosi borrow pit water. Given this unknown water quality status of this borrow pit, this study was carried out to ascertain the background levels of its physico-chemical, heavy metal, and microbiological properties of its water using a multi-criteria ecological assessment and establish its suitability and safety for human use and conservation purposes.
MATERIALS AND METHODS
Study Area
This study was carried out in the Rumuosi borrow pit located beside the intersection of the East-West Road with Prof. Tam David-West Boulevard, popularly known as the New Airport Road in Port Harcourt (Figures 1 & 3) at Rumuosi. This area is located at 40 52’ N, 60 57’ E (Figure 2), in kilometre 5 of the East-West Road from Choba, Rivers State. The borrow pit has the dimensions of 634.3 m in length, 326.2 m in width, and 6.8 m depth.
The Rumuosi borrow pit contains water year-round. It has a church and residential buildings on its northern side; the East-West Road on its southern end; Prof. Tam David-West Boulevard on its eastern boundary, and a public recreation facility, plastic/scrap metal dump, and an automobile repairs workshop on the western boundary. The borrow pit floor is covered by vegetation of herbaceous hydrophytes and some trees and shrub plants. It also has some economic plants such as Bambusa vulgaris, Elaeis guineensis, Musanga cecropioides, Musa paradisiaca, Psidium guajava, etc. on the sides (Plate 1). Rumuosi town is beside Port Harcourt metropolis, which is in the southern region of Nigeria, a region with a warm-wet climate. 


Figure 1: Aerial view of Obiri Ikwerre Roundabout/Flyover and the study area

[bookmark: _Hlk187316800][image: ]
                                            Plate 1: Broad view of Rumuosi Borrow Pit

Sampling Design
Four random sample points: A, B, C, and D (Plate 1), located 1.5 m from the shoreline on each side of the borrow pit, were taken for sample collection. These points were marked in Figure 2, and their geographical positioning system (GPS) coordinates are given in Table 1. 

[bookmark: _Hlk187316901]Sample points

Figure 2: Map of study area showing distribution of sample points
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Table 1: Sample points coordinates
	Sample Point
	Latitude
	Longitude

	A
	4.877163oN
	6.953375oE

	B
	4.877344oN
	6.954153oE

	C
	4.877562oN
	6.953651oE

	D
	4.877618oN
	6.952896oE



Samples Collection
The Grab sampling method was used to collect water samples. Three (3) 500 mL capacity clean and sterile polyvinyl chloride (PVC) bottles were filled with water samples from sample point A and bulked together to form an integrated sample. Water samples for odour and biochemical oxygen demand (BOD) analyses were collected with a 350 mL amber colour BOD bottle following the standard procedure. The samples immediately after collection were labeled and placed in a coolant bag containing ice block packs to prevent chemical status alteration. The procedure as described above was followed to collect samples from the other sample points. After sample collection, the ice block-packed coolant bag, with the water samples, was taken to AnalConcept Laboratory Limited for analysis. 
Variables of the Study  
Water colour was determined through the Platinum-cobalt method by visual comparison of the water sample colour with standard solutions of potassium hexachloroplatinate and cobalt chloride solution. Water odour was determined by an olfactory sensory test after the addition of potassium hydroxide (KOH) solution to the sample and heating over a water bath to 60 °C. Water pH was determined by the electrometric method with a digital pH meter (Hanna, HI 2210 model), and biochemical oxygen demand (BOD) and dissolved oxygen content were determined following the modified Winkler method. Total organic compound (TOC) was assessed using the method of Walkley-Black wet oxidation method with an eisco photocolorimeter (El 911 digital model). Phosphate content was determined using the Ascorbic Acid method by measuring the sample phosphate concentration absorbance with a spectrophotometer (GBC Flame AAS Avanta 41542 model), nitrate content was ascertained by spectrophotometric method. Water turbidity was measured by the nephelometric method using a Tanco digital nephelometer (EE-027 model), and alkalinity was measured by the titrimetric method. Sample total hydrocarbon content, THC, was measured after extraction using hexane as the extraction solvent, and the concentration measured by gas chromatography-flame ionization detection, GC-FID, with a Gas Chromatograph, MAK 2191 model. Heavy metal (Cu, Hg, and Pb) contents were measured through graphite furnace atomization absorption spectroscopy (GF-AAS) using a spectrophotometer (Shimadzu AA-6800 model), while coliform bacteria count, i.e., total and faecal Coliform Counts, were determined using the Most Probable Number (MPN) test.

Data Presentation
Data obtained on the variables examined were compared with the DPR/FMEnv (2011) general provisions for surface waters and presented in tables and bar charts using the Microsoft Office Excel software 2016 version.
RESULTS AND DISCUSSION

Water Physico-chemical Properties
Figure 3 displays water colour results. Sample points A – C had colour values of 298 Pt-Co, 275 Pt-Co, and 277 Pt-Co, respectively, while 217 Pt-Co was recorded in point D. The highest value (298 Pt-Co) was obtained in point A, while the least value (217 Pt-Co) was recorded in point D.  These Pt-Co colour results were slight yellow. This observation suggest contamination; however, yellow colour water does not automatically translate to pollution and toxicity, as natural, healthy surface water bodies have colour and still support ecosystems. This observation is in contrast with the findings reported by Ogbeibu and Oriabure (2023) from the assessment of water physico-chemical properties of the Benin River. According to DataStream (2021), yellow colour in water may have resulted from the dissolution of organic matter or inorganic minerals such as oxides of iron, manganese, and aluminium oxides in water. The source of the yellow colour is unknown and therefore it is recommended for investigation in another study.


Figure. 3: Rumuosi borrow pit water colour

[bookmark: _Hlk187317432]Water odour results are presented in Table 2. Water samples from all the locations had an unobjectionable odour quality. According to (Roy, 2022), water odour results from the activities of algae and bacteria on organic materials in water. This result implies the absence of odour-producing substances and bacteria in Rumuosi Borrow pit water and that water had good oxidation. The result corresponds with the findings of Awoyemi et al. (2021); Raji et al. (2021); Ewulonu et al. (2019); Shittu et al. (2008) on surface water of South-West Nigeria. 
Table 2: Water odour of Rumuosi borrow pit surface water
	Variable
	Sample Point
	DPR/FMEnv 2011 Standard

	
	A
	B
	C
	D
	

	Odour
	unobjectionable
	unobjectionable
	Unobjectionable
	unobjectionable
	unobjectionable



[bookmark: _Hlk187316953]Figure 4 displays water pH of the study area and the DPR/FMEnv (2011) standard pH general provisions for surface waters. From the results, sample points A, B, and C had pH = 6.5, while point D recorded pH of 6.6. The likely cause responsible for this low pH could be due to the decomposition of organic compounds and its consequent production of acids, which lowers pH value. The pH results are at about the minimum prescribed standard limit for natural ecosystems and drinking water, as set by World Health Organization (WHO) and National Environmental (surface and Groundwater Quality Control) Regulations (2011). A pH range of 6.5 to 8.5 is conducive to supporting aquatic organisms. Therefore, the water pH result, which falls within the weak acid range, is within the prescribed standard index for supporting wildlife and ecosystems. This aligns with the findings of Ngah et al. (2016); Vaikosen et al. (2014) from assessments of the physico-chemical properties of surface water bodies of other borrow pits in Nigeria’s Niger Delta areas. Similar studies on some rivers outside the Niger Delta by Agorua et al. (2021); Okorie and Nwosu (2014); Adedeji et al. (2019) also reported water pH in the same range as obtained in this study. 

Figure 4: pH of Rumuosi Borrow Pit water pH
Biochemical Oxygen Demand (BOD) of sample points showed no definite pattern (Figure 5). The highest BOD value was recorded in sample point A, followed by points C and D, while sample point B had the least (Figure 5). All BOD results were below the standard limit, i.e., 3 mg/L by DPR/FMEnv (2011). Detail of the BOD results are displayed in Figure 5. The low BOD result implies a low organic matter content in water, i.e., no organic pollution. The BOD result obtained in this study is in accordance with the report of Abowei and George (2009) from a study of Okpoka Creek, Niger Delta, Nigeria. According to the Department of Environment (2012), BOD level and state of water body classification (Table 3), the borrow pit water is in the “Not Contaminated” class. 
[bookmark: _Hlk187316992]
          Figure 5: Biochemical oxygen demand of Rumuosi borrow pit water

                

Table 3: Biochemical oxygen demand levels and state of water body
	S/No.
	BOD Level (mg/L)
	State of Water Body

	1
	˂ 1.0
	Not Contaminated

	2
	1 - 4
	Slightly Contaminated

	3
	4 - 6
	Moderately Contaminated

	4
	 6 - 12
	Contaminated

	5
	˃ 12.0
	Highly Contaminated


[bookmark: _Hlk195471195]                                 Source: Department of Environment (2012)

Total organic carbon (TOC) of all the sampled points were low. TOC results were generally below 4 mg/L, i.e., normal TOC concentration for surface waters like rivers and lakes.  The details of the TOC result are shown in Figure 6. 
[bookmark: _Hlk187317018]
Figure 6: Total organic carbon of Rumuosi borrow pit water

Figure 7 contains the phosphate results of the study area. Water phosphate content showed no definite pattern: sample points A and C had 0.27 mg/L and 0.25 mg/L respectively, sample point B had 0.20 mg/L and point D recorded 0.15 mg/L. All the sample points results were below the prescribed standard (Figure 7). 
[bookmark: _Hlk187317073]
Figure 7: Phosphate content of Rumuosi borrow pit water

The nitrate content result is shown in Figure 8. Nitrate contents in the sample locations were below the prescribed maximum standard limit. For example, sample point A had 0.7 mg/L of nitrate, while locations B and D had 0.3 mg/L, which are below 8.0 mg/L as the prescribed maximum standard limit). Nitrogen is an important nutrient that influences species and their populations in aquatic systems. Below the standard index concentration of nitrate concurs with the findings of Seiyaboh and Izah (2017) out of an assessment of water quality properties of Epie Creek, River Nun, Igbedi Creek, and Efi Creek in Bayelsa State, Nigeria; however, it disagrees with Adesuyi et al. (2015), who reported high nitrate content in Nwaja Creek. This high nitrate content of Nwaja Creek is understood because it is located in a high population density and industrial area of the Port Harcourt metropolis; therefore, it is highly exposed to nutrient loading through waste disposal into it and consequently pollution.

[bookmark: _Hlk187317096]
Figure 8: Nitrate content of Rumuosi borrow pit water
Figure 9 displays dissolved oxygen (DO) content results. DO values obtained ranged from 4.7 to 5.3 mg/L. Sample point A had the least value (4.7 mg/L), while point C recorded 5.3 mg/L DO content. In general, the sample points DO contents were below the 10.0 mg/L minimum standard limit for wildlife, fishery, and other aquatic organisms and recreation water bodies. Dissolved oxygen (DO) is an important water quality parameter used in the assessment of the fitness of an aquatic system to support its biotic components. The DO result obtained here was low compared with the DPR/FMEnv (2011). This result is incongruent with the findings of Onwugbuta-Enyi et al. (2008); Adesuyi et al. (2015), who investigated the dissolved oxygen level of Nwaja Creek surface water in Port Harcourt. Low DO content in surface water bodies results from high water temperatures, excessive organic matter content, nutrient pollution, low or absence of autotrophs in water, and reduced water flow, etc. (USEPA, 2024). The low DO result obtained from this assessment can be postulated to have resulted due to the limiting effect of high environmental temperature on the dissolution of oxygen in water, as sample collection was done after midday during the hot-dry period of the year at which time the ambient surface water temperature of the study area may have risen significantly high to limit the solubility and enhanced loss of oxygen from water.
[bookmark: _Hlk187317132]
Figure 9: Dissolved oxygen content of Rumuosi borrow pit water

Figure 10 contains the total hydrocarbon content (THC) results of the study area. The THC levels of the sample points were generally 0.01 mg/L. This value is significantly below the reference 10 mg/L, i.e., the maximum permissible concentration prescribed by the DPR/FMEnv (2011) and the DPR (2002) for wildlife, fisheries, and ecosystem conservation. As shown in the variable result Figure, the low THC implies no hydrocarbon contamination, which shows that there was no extraneous input of THC into the borrow pit water. This observation is in contrast with Wokoma (2008); Dumka and Kingdom (2018); Paul et al. (2022) from the examination of THC in surface waters of the Imo River in Oyibo Local Government Area, Otamiri River in Etche Local Government Area Kua/Kinabere Creek in Ogoni, respectively.
[bookmark: _Hlk187317157]


Figure 10: Total hydrocarbon content of Rumuosi borrow pit water 

Total Alkalinity of point A was 100 mg/L CaCO3, B and C had 50 mg/L as CaCO3 (Figure 11), while D recorded 40 mg/L CaCO3. From this result, sample location A had the highest alkalinity, while location D had the least. The low alkalinity of the borrow pit water corresponds with the findings of Seiyaboh and Izah (2017); Ehiagbonare and Ogunrinde (2020) from analysis of concrete and earthen fish ponds water in Edo State. These corresponding observations suggest that low alkalinity may be natural in lentic freshwater ecosystems.

[bookmark: _Hlk187317177] 
Figure 11: Total alkalinity of Rumuosi borrow pit water

Water turbidity results were of sample points were generally higher than the standard provision (Figure 12). The least turbidity value, 22 NTU, was recorded in point D, followed by 23 NTU in point C, while points A and B had 28 NTU and 30 NTU, respectively (Figure 12). The turbidity result obtained is classified to have moderate turbidity (DataStream Initiative, 2021). This result implies a moderate presence of suspended nutrients or organic matter, or microbial population suspension in water, as both natural and human factors affect the turbidity levels of a water body. This observation is in line with the findings of Rim-Rukeh (2013) from a study of physico-chemical characteristics of stagnant surface water bodies (ponds and lakes) in the Niger Delta, Nigeria.  

[bookmark: _Hlk187317201]
Figure 12: Turbidity of Rumuosi borrow pit water
Heavy Metals
Table 4 shows the composite heavy metals concentration results. The concentrations of copper (Cu) fluctuated between the sample locations.  Sample points A and C had 0.026 mg/L of Cu, while points B and D recorded 0.069 mg/L and 0.047 mg/L, respectively (Table 4). The levels of the metal in the study area were significantly higher than the DPR/FMEnv (2011) prescribed standard level of copper in water. Mercury (Hg) content of sample locations was of equal concentration (i.e., 0.001 mg/L). This concentration level is at the threshold of the prescribed maximum concentration. A high concentration of mercury in the environment is hazardous to cells and living systems. The concentrations of lead (Pb) in the sampled points were also of equal concentration and at the DPR/FMEnv (2011) maximum concentration limit. Lead (Pb) occurs naturally in the environment. However, high concentration of copper in any environmental media often results from human activities. 


The high concentration of copper (Cu) and mercury (Hg) means that the borrow pit water is polluted with the metals and therefore hazardous. This is in agreement with the findings of Ehiagbonare and Ogunrinde (2020), who reported high copper content from analysis of earthen fish ponds in Okada, Edo State, Nigeria. High concentrations of the metals are dangerous to plants and other biotic components of the study area and, by extension, to humans who may consume them, as the metals may have bioaccumulated to dangerous levels in their tissues. Mercury is a toxic metal and extremely persistent in the environment. In aquatic systems, it is converted to methylmercury in water by bacteria, in which form it is easily absorbed by aquatic organisms such as fish. Through trophic interactions, methylmercury can bioaccumulate to dangerous levels in tissues of fish and other organisms over time, and if consumed by humans, can cause serious health problems. High concentrations of heavy metals in natural bodies of water could result from natural sources (Borgohain et al., 2024). However, human activities, which include input from industrial activities (e.g., mining and manufacturing) and improper disposal of heavy metal-containing wastes, etc., are in many cases responsible for high levels of heavy metal contamination of the natural environment. The actual source of the heavy metals contamination in the borrow pit surface water is unclear. However, the likely source could be the release of the metals from the bottom sediment through redox reactions into the water. This can be investigated by analysis of the pit sediment. Regular monitoring is recommended to determine the safety status of water from the ecosystem for any human use or harvest of its biotic resources for human consumption.  
[bookmark: _Hlk187317278]Table 4: Heavy metal content of the Rumuosi borrow pit water
	Metal
	Sample location
	DPR/FMEnv (2011) Standard

	
	A
	B
	C
	D
	

	Copper, Cu (mg/L)
	0.026
	0.069
	0.026
	0.047
	0.001

	Mercury, Hg (mg/L)
	0.001
	0.001
	0.001
	0.001
	0.001

	Lead, Pb (mg/L)
	0.001
	0.001
	0.001
	0.001
	0.001


Microbiological Properties 
Total and faecal coliform counts are presented in Table 5. Total coliform count (TCC) was greater than 2,400 MPN/100 ml at the sample points. Similarly, faecal coliform count (FCC) was greater than 2,400 MPN/100 ml. Both TCC and FCC results were significantly higher than their standard limits. The result highlights the proliferation of total and faecal coliform bacterial species in the Rumuosi borrow pit water. 
The presence of coliform bacteria counts shows water contamination. High total and faecal coliform counts in water result from the discharge of organic wastes, including faecal matter, into water. This microbial result corresponds with the findings of Rim-Rukeh (2013) from investigations of biological characteristics of the Ikarama, Tenmako, Karabodone, and Adiegbe lakes in the Niger Delta area. A similar finding was also reported by Dutta et al. (2021) from the evaluation of the sustainability of shrimp farm ponds. The high coliform counts recorded in this study may have resulted from the release of faecal matter by herds of cattle, which are usually taken into the borrow to graze and have water. Studies with a focus on the impact of cattle grazing near surface resources and microbial load are recommended to ascertain the cause of the observed high microbial load. This will enable informed management for conservation purposes. 
[bookmark: _Hlk187317473]


Table 5: Microbial properties of Rumuosi borrow pit water
	Microbiological Variable
	Sample location
	DPR/FMEnv 2011 Standard

	
	A
	B
	C
	D
	

	Total Coliform Count (MPN/100 ml)
	≥ 2,400
	≥ 2,400
	≥ 2,400
	≥ 2,400
	20

	Faecal Coliform Count (MPN/100 ml)
	≥ 2,400
	≥ 2,400
	≥ 2,400
	≥ 2,400
	0



CONCLUSION
[bookmark: _Hlk194062513]This study surveyed the background levels of the physico-chemical, heavy metals, and microbial characteristics of Rumuosi borrow pit surface water to ascertain its quality and address the gap in knowledge on its quality and safety for human use. The findings show that physico-chemical properties were below standard provisions and good for the support of wildlife, fisheries, and ecosystem conservation. The levels of copper (Cu), mercury (Hg), lead (Pb), total and faecal coliforms were at hazardous levels. Although the present findings are based on the results obtained, the number of sampling locations and the non-inclusion of sediment in the study as limitations of this study that should be addressed in future research. Despite these limitations, the present study has contributed to the knowledge of the water quality status of the borrow pit. We hope that this research will stimulate further investigation of this important resource. It is suggested that dredging the borrow pit will remediate the high levels of heavy metal content. This will support the realization of the UN-SDG 6 for the benefit of the nearby residents of the Rumuosi borrow pit.
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A	B	C	D	Standard	298	275	277	217	Sample location/Standard


 Colour (OH)



A	B	C	D	Min. Standard	Max. Standard	6.6	6.6	6.6	6.5	6.5	8.5	Sample location/Standard


pH



A	B	C	D	Standard	0.79	0.39	0.46	0.42	3	Sampled area/Standard


Biological oxygen demand (mg/L)



A	B	C	D	Standard	3.0000000000000001E-3	3.0000000000000001E-3	3.0000000000000001E-3	3.0000000000000001E-3	Sample location/standard


Total organic carbon (mg/L)



A	B	C	D	Standard	0.27	0.2	0.25	0.15	3.5	Sample location/standard


Phosphate content (mg/L)



A	B	C	D	Standard	0.7	0.3	0.5	0.3	9.1	Sample location/standard


Nitrate  (mg/L)



A	B	C	D	Standard	4.7	5	5.3	5	10	Sample location/standard


Dissolved oxygen  (mg/L)



A	B	C	D	Standard	0.01	0.01	0.01	0.01	10	Sample location/standard


Total hydrocarbon  (mg/L)



A	B	C	D	Standard	100	50	50	40	Sample location/standard


Total alkalinity  (mg/L CaCO3)



A	B	C	D	Standard	28	30	23	22	10	Sample location/standard


Turbidity (NTU)
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