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ABSTRACT: Alterations in selected macro- and micro- nutrients’ profile due to petroleum spill contamination of Edeoha soil in Ahoada East of the Niger Delta was investigated. Oil spill-impacted soil samples were randomly collected from depths of 0-15 cm and 15-30 cm from each sampling spot to make a total of 10 composite samples. Using standard methods, the macronutrients analysed were nitrogen, phosphorus, and potassium while the micronutrients were cobalt, copper, iron, nickel, and zinc. Results showed a mean pH of 5.99, below EGASPIN recommended soil pH range. Nitrogen (700 - 1,380 mg/kg) and iron (1,760 - 2,193 mg/kg) concentrations exceeded agronomic limits while the mean contents of Cobalt (1.338 mg/kg), copper (0.959 mg/kg), phosphorus (0.22 mg/kg), and potassium (33.01 mg/kg) were below optimal ranges. Zinc (1.20 to 2.92 mg/kg) is slightly within acceptable range whereas Nickel (0.48 to 2.10 mg/kg) is far below USEPA toxicity geometric mean level of 13 ± 2.31 mg/kg. The soil acidic condition coupled with imbalance in soil nutrients would result to an impending deleterious effect on cropping activities. To restore soil health, boost food security and supply, an acid soil management strategy with the application of the deficient soil nutrient-fertilizers on the oil spill-impacted study site, is recommended as an integral part of the soil remediation and amendment process.


1.0 INTRODUCTION
Soil is the outermost layer of the earth’s crust, a very lively zone. Various physical, chemical and biological activities constantly take place at same time in it. Amongst all, anthropogenic activities many a times alter its internal prevailing conditions (Osuji and Adesiyan, 2005a and 2005b). Oil spillage is the most disastrous. It leads to an immeasurable, large-scale damage of the entire native ecosystems. Oils spills are common occurrences within the Niger Delta (Osuji and Ezebuiro, 2006). Spillages occur from drilling, production operations, manifolds, pipelines and hoses, barges, oil tankers, oil terminals and depots (Osuji, 2011). Oil spills impact negatively on the environment, especially the soil. It is the greatest single intractable environmental problem caused by crude oil exploration in the Niger Delta (Odjuvwuederhie et al., 2006). 

Many studies on oil spills’ ecological impacts affirm the deficiencies of vital soil nutrients, and soil toxicities due to crude oil spillage. Particularly, contamination of the top-soil by oil spills has resulted to the unproductive yield by same soil for plant growth due to an increase in toxicity. Generally, the depletion and subsequent unavailability of vital soil nutrients, the availability of potentially toxic elements (PTEs) to crops/plants, the destruction of soil microbes, the weakening of soil texture, altering soil pH, poor soil fertility index, stunted plant root development, and resultant decline in crop performance are few among many of the resultant impacts of any form of hydrocarbon spillage and pollution on a given farmland or soil (Otaiku, 2019). In addition, crude oil impedes good aeration property of the soil due to the oil’s foaming capability and covering of the surface of the soil. Thus, the oil acts as a physical barrier; it hinders the flow of air in and out of the soil. Worse still is the post-oil spill fires and its accompanied restriction of gaseous diffusion in the affected soils (Osuji and Ukale, 2005).

Soil nutrients are chemical elements that plants require to thrive healthily. According to agro-scientists, these chemical elements are of two groups: the macro-nutrients (also known as the essential nutrients), and the micro-nutrients (the non-essential nutrients). This, do not imply that a given nutrient is more important than another. It only relates the amount at which they are required by plants. In fact, if any nutrient is completely lacking in a given soil sample, its deficiency will affect the absorption of the much available essential nutrients by plants. So, to grow healthy and for optimal output, plants need a steady supply of all nutrients, both macro- and micro-nutrients (Osuji 2011). However, plants require relatively less amounts of micro-nutrients compared to macro-nutrients.

This study conducts an assessment of the impact of hydrocarbon contamination on selected soil macro- and micro- nutrients due to oil spill in Edeoha community of Ahoada. The selected soil macro-nutrients include nitrogen (N), phosphorus (P), and potassium (K), while the micro-nutrients: cobalt (Co), copper (Cu), iron (Fe), nickel (Ni), and zinc (Zn). This research work offers vital background information to inform on soil nutrient deficiency, possible toxicity of some overlooked micronutrients, crude oil pollution remediation of agronomical sites, and boots food security, especially within Niger Delta environs.
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Fig. 1: Map of the Study Area Showing the Sample Collection Site


2.0 MATERIALS AND METHODS
2.1 Location of the Study Area
The study area is the Edeoha community, located in today’s Ahoada East Local Government Area (LGA). Ahoada is a community in Rivers State, one of the federated 36 states of Nigeria. Port-Harcourt is the capital city of Rivers state, situated at the nucleus of the Niger Delta region. From the garden city of Port-Harcourt, the Ahoada area is located northwest. Edeoha is bounded by latitudes 5.03o N to 5.10o N and longitudes 6.32o E to 6.63o E. The map of Edeoha community and its environs showing the study area is shown in Figure 1.

2.2 Sample and Sampling
Oil spill-impacted soil samples from various spots on the sample site were randomly collected from the Edeoha study site. A clean hand trowel of carbon steel was used to collect the soil samples. Each individual sample was placed into a clean 500 mL beaker, covered with neat, black poly-ethylene bag. These were well-labelled, sealed, secured with elastic rubber bands, and stored same day in a laboratory fridge at 4 °C (Efe and Okpali, 2012; Okop and Ekpo, 2012). Prior to sampling at each sample spot, the hand trowel was washed clean with water and methanol was used to rinse it after its use at every sampling point. Samples were collected at the depths of 0.0 - 15.0 cm (surface soil), and at 15 - 30 cm (subsurface) from the same spot (Okop and Ekpo, 2012). These discrete, individual samples were mixed together to get a composite sample for each sample spot. In all, a total of 10 composite oil spill-impacted soil samples was collected randomly. All the samples were collected same day and were air-dried at room temperature for 72 hours (Nnawugwu et al., 2023), sieved with a 2.0 mm mesh sized sieve to obtain a more homogenized sample. Then, with the aid of an electronic balance (Drawell DT5003A), a 2.0 g of the homogenous sample was weighed out for onward laboratory extraction.

2.3 Laboratory Analysis
It is essential to first determine the soil pH prior to carrying out any particular analysis on soil. It provides at a glance a mental picture of the presence of the soil water soluble nutrients. The pH of the oil spill-impacted soil samples from each sampling spot was determined using the Weil and Brady (2017) method. 




2.3.1	Determination of Soil Macronutrients
The first soil macronutrient determined was nitrogen (N). The Kjeldahl method was used to first determine total nitrogen (TON). It involves three distinct processes: digestion, distillation and titration (Patel et al., 2014). The TON (%) obtained was converted to available soil nitrogen (mg/kg).

Next, potassium (K) was determined via the ammonium acetate extraction method. Available potassium consists of both the water soluble forms and the exchangeable forms of potassium present in any given soil (Patel et al., 2014). The available potassium was measured by taking the emission readings on the Flame Photometer at 767-nm wavelength. Then calculated according to the calibration curve obtained to yield the actual concentrations for the extractable potassium (Estefan et al., 2013; Patel et al., 2014).

Extractable phosphorus was determined using the generally accepted NaHCO3 (sodium bicarbonate) procedure of Olsen et al. (1954). A study of some selective tests has shown that Olsen’s method is the most reliable estimate of available phosphorus (Ubi et al., 2012). 

2.3.2	Determination of Soil Micronutrients
A 3.0 g of the sieved, air-dried oil spill-impacted soil samples was placed into a 250 mL beaker. A 10 mL hydrochloric acid (HCl) was added into the beaker. This was kept still for 2-3 minutes. Then, a 30 mL nitric acid was added. The beaker was heated on a hot plate for 13 minutes at a temperature of 65-70 °C for digestion in the fume cupboard. The heated beaker was cooled and the digested sample filtered into a 100 mL volumetric flask. Then, distilled water was added to make up to the 100 mL mark and ready for onward instrumental analysis. The digested solutions were analyzed for the presence of cobalt, copper, iron, nickel, and zinc using atomic absorption spectrophotometer (DR 390 AAS) with different lamps corresponding to the wavelength of the analyte (trace element of interest) placed inappropriate positions (Estefan et al., 2013). Using the equation 1.0, the concentrations for each of the micronutrients were calculated.
	Equation 1.0
Where,	
MC = Micronutrient Cation				V= Total volume of the extract (mL)
Wt = Weight of air-dry soil (g)

3.0 RESULTS AND DISCUSSION
3.1 Soil pH	
Soil pH is a crucial soil indicator. It is a major influencer of the availability of soil nutrients, microbial activity, and the solubility of toxic soil elements. At high pH values, the availability of phosphorus, and most micronutrients, except for Boron and Molybdenum, tend to decrease (Estefan et al., 2013). Result showed that the soil pH varied from 5.67 to 6.08 (Table 1) with a mean value of 5.99 (Table 2), which indicates a slightly acidic condition. The pH value of 5.99 is below the EGASPIN (2018) recommended range of 6.5 – 8.5. This condition could be deleterious to the growth of some prospective crops (Estefan et al., 2013; Alabi et al., 2022). Hence, a suggestive acid soil management strategy such as liming could be implemented. Though this largely depends on the nature of cropping activities, since most soil acidity increases with time.

Table 1: The pH Levels of all the Sampling Spots in the Edeoha Oil Spill-Impacted Soil
	Sample ID
	S-01
	S-02
	S-03
	S-04
	S-05
	S-06
	S-07
	S-08
	S-09
	S-10

	 pH level
	6.06
	6.08
	6.07
	6.07
	6.00
	5.67
	5.90
	5.99
	6.02
	6.05




Table 2: Descriptive Statistics of the Soil pH for the Edeoha Oil Spill-Impacted Site
	
Descriptive Statistics

	Parameter
	Mean
	Std Dev
	Median
	Min
	Max
	Range
	CV (%)

	Soil Ph
	5.99
	0.13
	6.03
	5.67
	6.08
	0.41
	2.09


Std Dev = standard deviation; Min = minimum; Max = maximum; CV = coefficient of variation 

3.2 Soil Macronutrients
Available N varied from 700 to 1,380 mg/kg (Table 3) with a mean concentration of 1,063 mg/kg (Table 4), P had from 0.16 - 0.36 mg/kg with an average concentration of 0.22 mg/kg, while K varied from 21.94 - 43.82 mg/kg (Table 3) with a mean content of 33.01 mg/kg (Table 4). Nitrogen had the highest mean concentration of 1063 mg/kg while phosphorus is the least (0.22 mg/kg). The median contents trend Ni > K > P (Table 4).

Sufficient availability of soil N generally improves the efficiency of the entire photosynthetic process. N is vital for the creation of amino acids, cell division, plant growth and development (Silva and Uchida, 2000). The amount of N required in any given soil varies with crops, however available N should not be < 10 mg/kg nor > 50 mg/kg (Bagshaw et al., 2010). This suggests excess N content in the oil spill-impacted soil samples. Excessive soil N decreases its rate utilization by crops leading to increased N-deposition with its consequent deleterious greenhouse and ecological effects like the eutrophication of water bodies, and soil acidification. This in turn reduces the quality and yield of farm produce (Chen et al., 2017; Liu et al., 2013). The excess N concentration could be as a result of biomass and fossil fuels combustion which is known to release large quantities of reactive nitrogen oxide emissions into the atmosphere. The nitrogen from the atmosphere is in turn converted into reactive soil forms. Also, the lower the atmospheric temperature, the higher the concentration of N as a result of the addition of more organic matter coupled with slow rate of humus decomposition. High humus content, precipitation, organic wastes, presence of large number of debris of leguminous plants which harbour atmospheric N2 fixing rhizobium bacteria, and crop residues from non-leguminous plants could result to large N concentrations. This finding is in concordance with studies from Tamimi et al. (1997), and Rashid (2006). However, N is the quickest of the soil macronutrients to get depleted (via de-nitrification, volatilization, leaching, and erosion water run-off) in spite of its enormous content currently in the oil spill-impacted soil samples (Li et al., 2012; Liu et al., 2018; Wei et al., 2016).

Table 3: Macro-Nutrients Concentrations in the Edeoha Oil Spill-Impacted Soil Samples

	
Macro-Nutrients
	
Sample ID (mg/kg)


	
	S-01
	S-02
	S-03
	S-04
	S-05
	S-06
	S-07
	S-08
	S-09
	S-10

	N
	1040
	1290
	700
	880
	990
	1190
	800
	1280
	1380
	1080

	P
	0.18
	0.19
	0.17
	0.24
	0.36
	0.33
	0.16
	0.22
	0.19
	0.16

	K
	40.93
	28.78
	26.13
	25.52
	29.68
	27.97
	43.82
	43.06
	21.94
	42.47


Abbreviations: mg/kg = milligram/kilogram, N = Nitrogen, P = Phosphorus, K = Potassium

	
Table 4: Descriptive Statistics of Selected Macro-Nutrients Concentrations in the Edeoha Oil Spill-Impacted Soil Samples
	
Macro-Nutrients
	
Descriptive Statistics

	
	Mean
	Std Dev
	Median
	Min
	Max
	Range
	CV (%)

	N
	1,063
	225.10
	1,060
	700
	1,380
	680
	21.20

	P
	0.22
	0.07
	0.19
	0.16
	0.36
	0.20
	32.21

	K
	33.01
	8.51
	29.23
	21.94
	43.82
	21.88
	25.79


Std Dev = standard deviation; Min = minimum; Max = maximum; CV = coefficient of variation 

Phosphorus (0.22 mg/kg) has the lowest mean content (Table 4). According to Horneck et al. (2011), P content of < 10 mg/kg is considered low, 10 – 25 mg/kg is medium, while 25 – 50 mg/kg and > 50 mg/kg are rated high and excess, respectively. The too low P content in the oil spill-impacted soil could be attributed to the absence of a parent phosphate rock (as most available P-fertilizers are manufactured from phosphate rocks). The efficiency of P use by crops largely depends on the P status and the pH level of the given soil. For optimum crop yield, the application of P-fertilizers is advised, as an integral part of the remediation process. Phosphorus (P) is a vital ingredient of cellular membranes, enzymes, and nucleic acids. It is the activator of over 60 enzymes in plants (Kumar et al., 2021). However, excessive application of P-fertilizers could lead to P-induced eutrophication in nearby water bodies (Syers et al., 2008). Where P and N are combined, phosphorus absorption is greatly enhanced. Its degree of absorption is further increased when the soil N present is in NH4+ form and in the presence of high soil pH, that is, an alkaline soil (Dixit, 2023).

The concentration of potassium (K) varied from 21.94 to 43.82 mg/kg (Table 3). Generally, soil K content of < 150 mg/kg is rated low, 150 – 250 mg/kg – medium, while that of 250 – 800 mg/kg and contents > 800 mg/kg are considered high and excessive, respectively (Horneck et al., 2011). This indicates a very low K-content in all of the oil spill-impacted soil samples. To support optimal plant growth and development, it is advisable that the soil K-content be elevated to an optimum level via K-fertilizers application (Rashid, 2006 and Tamimi et al., 1997). Amongst many, P regulates plant’s use of water by controlling the opening and closing of leaf stomates. It is involved in protein synthesis, improves disease resistance in plants, increases grain and seed sizes, and improves fruits’ and vegetables’ quality (Silva and Uchida, 2000; FAO 2021).

3.3 Soil Micronutrients
Similarly, Fe varied from 1,760 to 2,193 mg/kg (Table 5) with a mean concentration of 1,995.15 mg/kg (Table 6). Cu - from 0.59 to 1.35 mg/kg with an average value of 0.959 mg/kg, and Zn - from 1.20 to 2.92 mg/kg with a mean of 2.04 mg/kg. Others are Ni – from 0.48 to 2.10 mg/kg with a mean concentration of 1.46 mg/kg, and Co which ranged from 0.61 to 1.08 mg/kg with a mean concentration of 1.338 mg/kg. Fe was found to be in dominant concentrations, whereas Cu had the least mean concentration. In fact, the mean concentration for each of the analyzed micronutrients was < 2.1 mg/kg except for Fe while the median content for Fe > Zn > Ni > Co > Cu (Table 6).

The concentration of soil Fe < 25 ppm is rated low, 25 – 300 ppm is optimum, 300 – 400 ppm is rated high while > 400 ppm is considered very high (EGASPIN, 2018; EthioSIS, 2014), indicating that the Fe content (1760.04 - 2193.03 mg/kg) in the oil spill-impacted soil samples is extremely high (Table 5). Generally, Fe is present in higher quantities in most soil. However, it’s extremely low solubility limits its bioavailability in aerobic and neutral pH environments (Kumar et al., 2021). High Fe content could be attributed to the parent rock material that formed the soil. Rocks containing natural minerals like Hematite, Feldspar. Limonite, and Magnetite are known to be very high in Fe content. Also, since the soil pH was found to be < 7.0, this could as well contribute to optimizing Fe solubility (Iyaka, 2011; Tamimi et al., 1997). So, additional applications of Fe-rich fertilizers on the oil spill-impacted site would not be necessary. Fe-deficiency is much pronounced by the yellowing of leaves (Ndeh et al., 2015).

The Zn mean concentration (2.04 mg/kg) in the oil spill-impacted soil samples was found within optimal concentration range (Table 6) since it is recommended that soil Zn content of < 1.0 ppm is rated very low, 1.0 - 1.5 ppm is low, 1.5 – 10 ppm is considered optimum, while 10 - 20 ppm and > 20 ppm are rated high and extreme levels, respectively (Horneck et al., 2011; EthioSIS, 2014). However, the application of Zn-rich fertilizers to boost supply and for optimal plant growth and development is advisable since soil Zn content depletes with time. Zn is an influencer of several biological processes. These include proliferation of cells, and phosphorus-zinc interactions. At higher concentrations, it is toxic (Kumar et al., 2021).

Table 5: Micro-Nutrients Concentrations in the Edeoha Oil Spill-Impacted Soil Samples

	
Micro-Nutrients
	
Sample ID (mg/kg)


	
	S-01
	S-02
	S-03
	S-04
	S-05
	S-06
	S-07
	S-08
	S-09
	S-10

	Cu
	0.72
	1.21
	0.92
	0.72
	1.15
	0.92
	1.35
	0.86
	0.59
	1.15

	Zn
	2.92
	2.54
	1.34
	1.83
	2.19
	2.76
	2.06
	1.71
	1.20
	1.85

	Fe
	2193
	1979
	1760
	1855
	2160
	1994
	2092
	1951
	1830
	2138

	Ni
	1.72
	0.76
	1.74
	2.02
	2.10
	0.48
	1.37
	1.18
	1.20
	2.03

	Co
	1.10
	1.08
	1.92
	1.29
	1.58
	1.63
	0.61
	1.15
	1.23
	1.79


Zn = Zinc, Cu = Copper, Fe = Iron, Ni = Nickel, Co = Cobalt


Table 6: Descriptive Statistics of Selected Micro-Nutrients Concentrations in the Edeoha Oil Spill-Impacted Soil Samples

	
Macro-Nutrients
	
Descriptive Statistics


	
	Mean
	Std Dev
	Median
	Min
	Max
	Range
	CV (%)

	Co
	1.34
	0.39
	1.26
	0.61
	1.08
	0.47
	29.37

	Cu
	0.96
	0.25
	0.92
	0.59
	1.35
	0.76
	25.83

	Fe
	1,995.16
	149.10
	1,986.39
	1,760.04
	2,193.03
	432.99
	7.47

	Ni
	1.46
	0.56
	1.55
	0.48
	2.10
	1.62
	38.20

	Zn
	2.04
	0.57
	1.96
	1.20
	2.92
	1.72
	28.07


Std Dev = standard deviation; Min = minimum; Max = maximum; CV = coefficient of variation

The oil spill-impacted soil Cu content varied from 0.59 - 1.35 mg/kg with a mean concentration of 0.959 mg/kg (Tables 5 and 6). Horneck et al. (2011) and EthioSIS (2014) recommended that a soil Cu status with a critical level of < 0.5 ppm is rated very low, 0.5 – 1.0 ppm is low, 0.9 – 20 ppm is considered optimum, while 20 – 30 ppm is high, and > 30 ppm is considered extreme. This shows that the oil spill-impacted soil has a low Cu nutrient profile; over 45 % of the soil samples were ≤ 0.92 mg/kg (Table 5). An optimum supply of Cu-rich fertilizer is advised. Since most crops are sensitive to Cu deficiency, Cu soil supplements will increase crop yields (Rashid, 2006 and Tamimi et al., 1997). Cu is known to play a vital role in the absorption of Fe. It stimulates lignification of cell walls (Kumar et al., 2021; Silva and Uchida, 2000; Weil and Brady, 2017).

Nickel (Ni) content varied from 0.48 to 2.10 mg/kg (Table 5). Nickel naturally occurs in low concentrations but deleterious at high concentrations. Its toxicity could be fatal (in extreme cases). It occurs naturally in soil at concentrations of < 100 ppm (Rathor et al., 2014). The presence of Ni in the environment is largely as a result of anthropogenic activities. The Ni-contamination level for some world rural soils exists: Australia (60 ppm), Canada (150 ppm), China (20 ppm), France (50 ppm), Japan (100 ppm), South Africa (15 ppm), United Kingdom (60 ppm), and the United States of America has a Ni geometric mean concentration of 13 ± 2.31 ppm (Chen et al., 1999; Iyaka, 2011), showing that the Ni content in all of the oil spill-impacted soil samples was below toxicity range. This is understandable with reference to the soil pH level because if soil pH decreases, the solubility of nickel and its mobility and sorption increases (Iyaka, 2011). In fact, studies have shown that with decreasing soil pH, the solubility and mobility of all micronutrients increases except for boron and molybdenum (Tamimi et al., 1997).

Cobalt (Co) was found to have a mean content of 1.338 mg/kg (Table 6). In the world soils, the acceptable mean limit of Co is 8.0 mg/kg (Tsamo et al., 2022), indicating a very low Co-content in the oil spill-impacted soil samples. This could be attributed to the presence of potassium (K) because higher concentrations of K in soil solutions reduces the bio-availability of Co to crops (Shivali and Kumar, 2024). So, the Co concentration across the sampling spots is far below toxicity range (Table 5). A complementing supply of fertilizers containing some minute quantities of nickel and cobalt is advisable to improve the soil fertility for agronomical activities because Co is a vital nutrient for atmospheric N fixing microbes. Where it lacks, the efficiency of nitrogen fixation is depressed. Studies have shown that cobalt reduces the deleterious effect of salinity on tomato plants, and increased wheat crops’ tolerance to soil salinity (Gad and El-Metwally, 2015).

3.4 Statistical Analysis
The standard deviation (Std Dev) across board (for both macro- and micro- nutrients) is relatively small (as shown in Table 2 for soil pH, Table 4 for macronutrients, and Table 6 for micronutrients). This indicates that the data points obtained for each of the soil nutrients and the soil pH are relatively close to their respective means (Rafique et al., 2023). They are not spread out over a (wide or) large value range, indicating that the data obtained is predictable, more consistent, and less variable.

Also, to measure the heterogeneity size of dataset obtained, co-efficient of variance (CV) was applied. According to Wilding (1985), variables with CV values of < 15 % were rated the least heterogeneity, 15 to 35 % were categorized moderate, and > 35 % as highly heterogeneous. So, the soil pH and Fe indicated the least heterogeneity since their CV were 2.09 % and 7.47 %, respectively (Tables 2 and 6). The CV of the data sets for all other soil nutrients were found to be moderately heterogeneous except for Ni (38.20 %). On average, it can be inferred that the data sets for both the macro- and micro- soil nutrients of the oil spill-impacted soil samples were moderately heterogeneous as the CV generally falls between 15 to 35 % (Rafique et al., 2023).


4.0 Conclusion
The findings showed alterations in the macro- and micro- nutrients’ profile of the oil spill-impacted soil. The soil pH is slightly acidic with very high N and Fe concentrations, very low Co, Cu, K, and P contents, an optimal concentration of Zn, and a far below toxicity level of Ni. The soil acidic condition coupled with imbalance in soil nutrients would result to an impending deleterious effect on certain economical crops. To support optimum agronomical activities, an acid soil management strategy with a combined, ideal-proportion of Co, Cu, K, and P fertilizers application is recommended as core part of the oil spill-impacted soil remediation, and amendment until soil health is restored.
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