Soil Organic Carbon and Levels of Heavy Metals Relationship in Selected Soils as Indicator of Environmental Pollution in Abeokuta Metropolis
Soil organic carbon and heavy metals concentration are valuable tools in determining the sustainability and environmental impact of different anthropogenic activities. This study assessed the soil organic carbon and the level of heavy metals in five different points of anthropogenic activities in Abeokuta, Ogun State. Twenty sites representing 20 soil samples were collected from various anthropogenic activities points which include: dumpsites, fuel filling stations, abattoirs, mechanic workshops and hospital incinerator sites Soil organic carbon of the soil samples were determined using Walkley-Black methods. Heavy metals such as Manganese (Mn), Zinc (Zn), Lead (Pb) and Cadmium (Cd) were analyzed using Atomic Absorption Spectrophotometer (AAS). Data obtained were subjected to descriptive (mean and standard deviation) and inferential (Analysis of variance) statistics. Soil organic carbon ranged from 2.35 - 5.95 % for dumpsites, 0.74 - 3.49 % for abattoirs, 0.37 - 6.34 % for petrol stations, 1.37 – 5.92 % for soils at mechanic workshops, 1.44 - 4.34 % for hospital incinerator sites. The pH values ranged from 4.76±0.46 to 8.09±0.29. Mean concentrations of heavy metals ranged from 75.50±16.04 to 1042.25±44.76 mgkg-1, 27.75±7.28 to 1621.75±162.88 mgkg-1  , 7.17± 5.99 to 332.83±33.02 mgkg-1  and 0.25±0.00 to 4.75±1.00 mgkg-1 for Mn, Zn, Pb and Cd respectively. Distribution pattern of HMs in fuel filling stations, abattoirs, mechanic workshops and hospital incinerator sites were Mn > Zn > Pb > Cd, while for dumpsites Zn > Mn > Pb > Cd. Heavy metals concentrations measured at some sites were above United State Environmental Protection Agency (USEPA) thresholds limits, except Pb concentrations which were measured at lower concentrations in all sites. Analysis of variance showed significant difference (p<0.05) between soil organic carbon and heavy metal concentrations.  This study concluded that the observed increase in the levels of heavy metals and soil organic carbon showed the impact of anthropogenic activities which are indicators of soil pollution.
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INTRODUCTION

Soil organic carbon is the carbon associated with soil organic matter. Generally, more organic carbon is present in the layers of the soil close to the soil surface. (Onweremadu, 2007). Soil organic carbon is the largest carbon reservoir in terrestrial ecosystems and can act as both a sink and a source in response to changes in climate, land use, and atmospheric CO2 (Lal, 2004).

It contains approximately twice the amount of carbon in the atmosphere and in vegetation. If more carbon is stored in the soil as organic carbon, it will reduce the amount present in the atmosphere, and therefore help to alleviate the problem of global warming and climate change. (Yin, 2008). Soil organic carbon is the major factor that influences various aspects of the functioning and sustainability of the soil. 

The impacts of human activities with regards to soil contamination are many and varied. The extent of human impact is now so pervasive and profound. The way people use land can affect the levels of nutrients and pollutant in soil. Any anthropogenic activity that exposes soil to wind and rain or introduces synthetic, natural wastes on the soil can lead to soil pollution and affect other properties of the soil. Heavy metals are elements with atomic weight between 63.54 and 200.59, and a specific gravity greater than 4gcm-3. Although trace amount of some heavy metals are required by living organisms, any excess amount of these metals can be detrimental to the organisms within the soil (Ogbonna et al., 2009). Heavy metals occur in the environment naturally and are also released during anthropogenic activities. Soil contamination with heavy metals results from human related activities. When soil is polluted, it leads to pollution of other part of the environment (air and water). The toxic materials that pollute the soil accumulate for some time in the soils which act as a sink and later on release into water bodies, also absorb by plants and end up asa toxicants in man through the food chain.  Eating fruits and vegetables that have been grown in polluted soil can also lead to impairment of health. Heavy metals contamination has distinct damaging impacts on plants and animals and finally result to health in man, some of these heavy metals are carcinogenic. Lead accumulation in the body organs may lead to poisoning (Plumbism), gastrointestinal tract, kidneys, central nervous system disorders or even death. (Wuana and Okieimen, 2011). For instant, in Nigeria in 2010, there was a report of over 300 deaths in Zamfara state due to lead contamination. Generally, soil of many countries have been affected with heavy metals contamination through anthropogenic activities. Zinc has negative influence on the activity of microorganisms and earthworms thereby retarding the breakdown of organic matter (Wuana and Okieimen, 2011). The health implications of elevated levels of zinc are severe vomiting, diarrhea, bloody urine, liver and kidney failure and anemia (Ubwa et al, 2013).

Cadmium causes bone diseases (itai-itai), cardiovascular diseases, renal problems, severe pains in the joints, kidney and lung problems and also anaemia due to decrease of iron adsorption by intestines (Adelekan and Abegunde, 2011). 

In addition, organic matter is able to bind heavy metals in the soil. Heavy metals have a high affinity for humic acids, organic clays, and oxides coated with organic matter (Godwin and Edu, 2013). Soil organic matter can lessen the effect of heavy metals by acting as buffers (Yin, 2008) 

 Enrichment of soil with organic carbon could reduce the content of bio-available metal species as a result of complexation of free ions of heavy metals. Organic matter is known to form strong complexes with heavy metals (Piotr et al., 2006). So, when organic matter decomposes as a result of human activities, it leads to decrease in soil organic carbon content and causes the mobilization of the heavy metals. It also changes the physical and chemical properties of the soil.

The aim of this study was to determine the effects of different anthropogenic activities on soil organic carbon and levels of heavy metals, also to evaluate the relationship between soil organic carbon and heavy metals concentrations.

MATERIALS AND METHOD

Studied area

The study area of this research work was Abeokuta, the capital of Ogun state. Abeokuta city falls within Latitudes 7o 6’N to 7o 13’N and Longitudes 3o 16’E to 3o 25’E. Abeokuta is the largest city in Ogun state, southwest Nigeria. It is situated on the east bank of the Ogun River, near a group of rocky outcrops in a wooded savanna (Hoiberg, 2010)

Twenty sampling sites were selected within Abeokuta city based on anthropogenic activities; Dumpsites, Abattoirs, Mechanic workshops, Fuel Filling Stations and Hospital incinerators. Table 1 shows the sampling details.

Sampling

Samples were collected at different depths (0-5 cm, 5-10 cm and 10-15 cm) using soil auger  and transferred into cellophane bags, tightly sealed with minimal air space and  labelled with carbon free paper outside and stored in a cool place to prevent breaking down of organic matter. Triplicate collections were made to ensure uniformity of soil samples from a site.

Soil sample preparation and laboratory analysis
Samples were air dried for 48 hours, and then sieved with 2 mm mesh to remove debris, gravel and other big materials prior to analysis. 

Determination of pH (H2O)

The pH of soil samples were determined according to Bamgbose et al. (2000). 

Two grams of the air dried sample were weighed into 100 ml beaker and 50 ml of distilled water was added. The mixture was allowed to stand for 30minutes with occasional stirring with glass rod. The electrode of calibrated pH meter (Horiba pH meter D-51) was inserted into the partially settled suspension and the pH of the soil was measured. 

Determination of soil organic carbon content 

Soil organic carbon was determined by rapid dichromate oxidation method described by Walkley-Black method and reviewed by Celik (2005).

Heavy metals determination
 Digestions of samples were done according to Mckenzie et al. (2004). 1g of the soil sample was digested with a mixture of nitric and perchloric (HNO3 + HClO4) acids in ratio 5:1. The clear digest was diluted into 50 ml flask with deionized water. The sample solution were analysed for Pb, Cd, Zn and Mn using a model Perkin-Elmer Analyst 300 atomic absorption spectrophometer (AAS)

Table 1: Sample information

	Site Code
	Site

	Site A
	Dumpsite I

	Site B
	Dumpsite II

	Site C
	Dumpsite III

	Site D
	Dumpsite IV

	
	

	Site E
	Abattoir I 

	Site F
	Abattoir II

	Site G
	Abattoir III 

	Site H
	Abattoir IV

	
	

	Site I
	Mechanic Workshop I 

	Site J
	Mechanic Workshop II

	Site K
	Mechanic Workshop III 

	Site L
	Mechanic Workshop IV

	
	

	Site M
	Fuel Filling Station I 

	Site N
	Fuel Filling Station II

	Site O
	Fuel Filling Station III 

	Site P
	Fuel Filling Station IV

	
	

	Site Q
	Hospital Incinerator I 

	Site R
	Hospital Incinerator II

	Site S
	Hospital Incinerator III 

	Site T
	Hospital Incinerator IV


RESULTS

The results of the determination of pH, organic carbon and heavy metals (Mn, Zn, Pb and Cd) concentrations in soil samples collected from selected anthropogenic activities points in Abeokuta are represented in Table 2. Various agencies including World Health Organization (WHO), United States Environmental Protection Agency (USEPA) and European Regulatory Standards (EURS) have set different maximum contaminant limits for heavy metals. The maximum recommended by USEPA for Manganese 900 mgkg-1, Zinc 250 mgkg-1 , Lead 420 mgkg-1  and Cadmium 3 mgkg-1 (USEPA, 2002). Figures 1 to 4 show the graphical representation of the levels of Mn, Zn, Pb and Cd respectively, in comparison with the USEPA recommended minimum standards.

Soil pH and Organic Carbon

The pH values observed in this study were slightly acidic and neutral as indicated by Benton, (2002). Mean pH values in dumpsites, Abattoirs, Fuel filling stations, Mechanic workshops and Hospital incinerators ranged 6.41±0.38 to 8.09±0.29, 5.66±0.51 to 7.15±0.05, 6.54±0.15 to 7.42±0.03, 4.76±0.46 to 7.57±0.14 and 6.40±0.10 to 6.86±0.09 respectively.

Soil organic carbon content of samples from various anthropogenic points ranged from 0.37±0.43 to 6.34±2.52 %. The organic carbon content in the soils sampled from dumpsites, Abattoirs, Fuel filling stations, Mechanic workshops and Hospital incinerators ranged from 2.35±0.39  to 5.95±3.26, 0.74±0.29 to 3.95±2.76, 0.37±0.43 to 6.34±2.52, 1.37±0.46 to 5.92±3.35, 1.44±0.02 to 4.34±1.11 % respectively.

Heavy metal concentrations of the soils

Heavy metals occur at measurable concentration in all the anthropogenic activities points. The concentrations of Mn, Zn, Pb and Cd in the soils were variable. The distribution pattern of the metals in fuel filling stations, abattoirs, mechanic workshops and hospital incinerator sites were Mn > Zn > Pb > Cd, while for dumpsites Zn > Mn > Pb > Cd. 

From table 2, the concentrations of Mn in the soils in Site H (Abattoir IV) measured the highest Pb levels (1042.25± 44.76 mgkg-1) than in the soils collected from the other anthropogenic points. The least Mn concentration (75.50±16.04 mgkg-1) was measured in Site I (Fuel Filling Station I). Soil concentrations of Mn in dumpsites, abattoirs, fuel filling stations, mechanic workshops and hospital incinerators, ranged from 146.42±9.52 to 519.75±69.76 mgkg-1, 362.08±66.38 to 1042.25±44.76 mgkg-1, 75.50±16.04 to 520.67±58.73 mgkg-1, 189.17±24.60 to 407.33±198.38 mgkg-1 and 418.83±29.57 to 460.67±40.40 mgkg-1 respectively.

Zinc levels in soils from dumpsites, abattoirs, fuel filling stations, mechanic workshops and hospital incinerators, ranged from 145.58±27.30 to 845.83±306.92 mgkg-1, 46.42±3.89 to 1028.08±998.53 mgkg-1,  27.75±7.28 to 783.58±345.55 mgkg-1, 147.00±80.97 to 436.58±277.27 mgkg-1 and 85.50±10.47 to 1621.75±162.88 mgkg-1 respectively. Site S (Hospital Incinerator III) had the highest Zn concentration (1621.75±162.88 mgkg-1), while Site I (Fuel Filling Station I) had the least

(27.75±7.28 mgkg-1) Zn concentration. 

The concentrations of Pb in the soils in Site S (Hospital Incinerator III) measured the highest Pb levels (332.83±33.02 mgkg-1) than in the soils collected from the other anthropogenic points. The least Pb concentration (7.17±5.99 mgkg-1) was measured in Site I (Fuel Filling Station I). Lead (Pb) concentrations in soils from dumpsites, abattoirs, fuel filling stations, mechanic workshops and hospital incinerators, ranged from 31.08±9.44 to 259.75±91.08 mgkg-1, 10.25±0.43 to 34.17±4.75 mgkg-1, 7.17±5.99 to 206.08±92.80 mgkg-1, 16.58±7.39 to 162.67±113.38 mgkg-1 and 14.00±1.56 to 332.83±33.02 mgkg-1 respectively.

Soils from Site A (Dumpsite I) had the highest concentrations of Cadmium (4.75±1.00 mgkg-1). The concentration of Cd at Site S (Hospital Incinerator III) was 3.25±1.00 mgkg-1, Site F and Site E had 0.33±0.14 mgkg-1 of Cadmium, Site J had 1.58±1.20 mgkg-1 of Cadmium and Site T had 1.25±0.25 mgkg-1 of Cadmium. Soils from all other sites had the least concentrations (0.25±0.00 mgkg-1) of Cadmium.

Table 2: Summary of the result
	Sample
	      pH
	SOC
	Mn (mgkg-1)
	Zn (mgkg-1)
	Pb (mgkg-1)
	Cd (mgkg-1)

	Site A
	8.09±0.29
	5.95±3.26
	519.75±69.76
	845.83±306.92
	259.75±91.08
	4.75±1.00

	Site B
	7.45±0.13
	2.37±1.16
	146.42±9.52
	145.58±27.30
	50.92±2.25
	0.25±0.00

	Site C
	6.41±0.38
	3.91±1.15
	407.42±142.12
	228.56±202.18
	179.00±30.75
	0.25±0.00

	Site D
	6.99±0.05
	2.35±0.39
	208.42±21.91
	232.50±54.14
	31.08±9.44
	0.25±0.00

	
	
	
	
	
	
	

	Site E
	7.10±0.03
	1.60±0.33
	641.67±126.00
	140.83±26.34
	11.50±1.73
	0.33±0.14

	Site F
	6.70±0.55
	3.95±2.76
	362.08±66.38
	1028.08±978.53
	34.17±4.75
	0.33±0.14

	Site G
	5.66±0.51
	0.74±0.29
	646.67±132.51
	46.42±3.89
	10.25±0.43
	0.25±0.00

	Site H
	7.15±0.05
	3.49±1.34
	1042.25±44.76
	111.58±36.45
	25.42±8.81
	0.58±0.58

	
	
	
	
	
	
	

	Site I
	7.42±0.03
	0.37±0.43
	75.50±16.04
	27.75±7.28
	7.17±5.99
	0.25±0.00

	Site J
	7.26±0.22
	6.34±2.52
	520.67±58.73
	783.58±345.55
	206.08±92.80
	1.58±1.20

	Site K
	6.54±0.15
	2.92±1.31
	435.17±88.22
	78.75±40.85
	33.92±11.15
	0.25±0.00

	Site L
	6.68±0.17
	1.76±0.11
	199.75±31.28
	81.08±30.00
	81.08±30.01
	0.25±0.00

	
	
	
	
	
	
	

	Site M
	7.57±0.14
	5.92±3.35
	407.33±198.38
	436.58±277.27
	162.67±113.38
	0.25±0.00

	Site N
	7.01±0.17
	3.24±2.39
	221.75±40.49
	147.00±80.97
	18.67±2.40
	0.25±0.00

	Site O
	4.76±0.46
	1.37±0.46
	262.58±62.33
	184.83±189.05
	16.58±7.39
	0.25±0.00

	Site P
	6.99±0.10
	3.38±3.20
	189.17±24.60
	276.42±116.07
	28.33±13.02
	0.25±0.00

	
	
	
	
	
	
	

	Site Q
	6.4±0.10
	2.91±0.36
	436.67±9.93
	166.17±3.64
	35.17±9.64
	0.25±0.00

	Site R
	6.42±0.22
	1.44±0.02
	418.83±29.57
	85.50±10.47
	14.00±1.56
	0.25±0.00

	Site S
	6.81±0.01
	4.34±1.11
	459.92±30.29
	1621.75±162.88
	332.83±33.02
	3.25±1.00

	Site T
	6.86±0.09
	3.18±0.89
	460.67±40.40
	484.67±39.55
	101.25±20.97
	1.25±0.25


Mean±Standard deviation
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Figure1. A graphical illustration of manganese concentrations (mgkg-1) in soil samples against sampling sites relative to USEPA permissible limits
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Figure 2. A graphical illustration of zinc concentrations (mgkg-1) in soil samples against sampling sites relative to USEPA permissible limits
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Figure 3. A graphical illustration of lead concentrations (mgkg-1) in soil samples against sampling sites relative to USEPA permissible limits
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Figure 4. A graphical illustration of cadmium concentrations (mgkg-1) in soil samples against sampling sites relative to USEPA permissible limits

DISCUSSION 

The pH values obtained for Site A is slightly alkaline while Sites B to T were classified as slightly acidic and neutral, this agreed with Dauda and Odoh (2012). Sites E, F, G, H range value was slightly acidic. The pH values in this study were lower than those values reported by Osakwe 2014; Farombi et al., 2013 and Jintao et al., 2011. The lower pH from some of sites could be as a result of the decomposition of organic matter (caused by human activities) that releases carbon (iv) oxide which reacts with water to for carbonic acid, this eventually reduces soil pH. This low pH enhances solubility and mobility of heavy metals (Akan et al., 2013) and also the present of humic acid which is the major acid in soil organic matter. This may encourage the solubility of metals, because at low pH metals are more soluble in the soil solution. So, pH is one of the factors that influence the availability and the transport of heavy metal in the soil according to Akan et al., (2013). Heavy metal mobility decreases with increasing soil pH, hence most of the sites with low pH had relatively high concentration of selected heavy metals.
Analysis of variance showed that soil organic carbon had significant difference (p<0.05) on pH.
About 70 % of soil samples contain more than 2.0 % which is considered as the critical for soil organic carbon content of the soil. Ayolagba and Onwugbuta (2001) also demonstrated that organic carbon greater than 1.2% create great conducive medium for heavy metal chelation formation. Sites with relatively high soil organic carbon had high concentration of heavy metals.

Relatively high soil organic carbon observed at Sites A, M and J might be due to excessive; disposal of plastics, carbon containing substances and carbonated fluid like used oil, fossil fuel. 

The range values obtained in this study were lower than those reported by Osakwe (2014), but higher than the report of Iwegbue et al., (2013) and Dauda and Odoh (2012). 
Manganese and Zinc were the most abundant heavy metals in the studied sites. It was also observed that increase in pH decreases the concentration of heavy metals in the soil. (Ekpete and Festus 2013). Site H (Abattoir IV) had the highest concentration of Mn with a concentration of 1042.25 mgkg-1  and this value is higher than the USEPA maximum concentration limit of 900 mgkg-1. Highest concentration at this site may be as result of disposal of rumen which contain green grasses that are still in their early stage of digestion, this contains chlorophyll which contain manganese and iron. 
Manganese concentrations at sites Q, R, S and T were lower than concentrations reported by Sunday and Agbaji (2012) and Iwegbue et al., (2013). The concentrations observed from sites I to L (Fuel filling station I to IV) may be attributed to leakages of burning fuels (kerosene and diesel) which contain manganese additive.

The concentrations of manganese found in mechanic workshops sites were similar to level of Mn in soils that received significant impact of crude oil in Nigeria (Iwegbue et al., 2009b). The mean concentrations observed at abattoirs were slightly higher than the concentration reported by Yahaya et al., (2000). Concentrations of manganese in the dumpsites may be attributed to the metal scraps dumped around some of the sites (Idugboe et al., 2014). 

Zinc concentrations were higher than the USEPA maximum concentration limit of 250 mgkg-1 at sites A, F, J, M, S and T. The concentrations of zinc in this study were relatively higher than the level reported by Qishlaqi et al., (2009); Jung, (2008); Al-Trabulsy et al., (2013); Iwegbue et al., (2013). Zinc is involved in various metabolic activities of many organisms and is also one of the micronutrients essential for normal plant growth, but its increased level can cause many health disorders. Zinc can interrupt the activity of microorganisms and earthworms, thus retarding the breakdown of organic matter (Greany, 2005). Zinc concentrations at Sites E to H were higher than concentration reported by Yayaha et al., (2009).  High zinc concentration at Site F might originate from cow dung (Bhagure and Mirgane, 2010).  The concentrations observed in this study may be due to wear and corrosion of vehicles parts (brakes, tires, etc), use of zinc contained alloy instruments and zinc contained drugs packing materials in the hospitals. 

The health implications of elevated level of zinc are vomiting, diarrhea, bloody urine, liver and kidney future and anemia (Ubwa et al., 2013).

Analysis of variance showed that soil organic carbon had significant difference (p<0.05) on Zn concentration at all studied sites.

Of the 20 sites analysed, lead concentration was found to be high in six sites: two dumpsites, one fuel filling station, and one mechanic workshop two hospital incinerator sites. The site with the highest concentration level of lead was site S (332.83 mgkg-1) - hospital incinerator III, followed by site A (259.75 mgkg-1) – dumpsite I.  Lead concentrations in all the sites were lower than the USEPA maximum concentration limit of 420 mgkg-1. The concentration of Pb observed at Sites Q to T were higher than what was reported by Sunday and Agbayi (2012) but less than the report of Odoh et al., (2012). Concentrations of Pb in most of the sites were higher than the reports of Dawaki et al., (2013), Chimezi et al., (2013); Iwegbue et al. (2013).

Concentrations of Pb at sites E to H were below the concentration reported by Yahaya et al., 2009, while at sites I to L, Pb concentration was less than the report of Dauda and Odoh (2012) from a similar study. Concentration of Pb observed at site B and C were in agreement with the report of Wuana and Okieimen, (2011) from dumpsite soils of Markudi.

The elemental analysis of all soil samples shows that cadmium exceeded the maximum concentration level in the sites A and S. The highest cadmium value of 4.75 mgkg-1 can be seen in sample site A which represents dumpsite I, followed by site S (3.25 mgkg-1) which represent hospital incinerator III.
The concentration of cadmium observed at sites S and T were higher than concentration reported by Sunday and Agbayi (2012), but were below Odoh et al., (2014) report.

Cadmium concentrations in most of the studied sites were lower than concentration reported by Davaki et al., (2013) and Iwegbue et al., (2013) except sites A and S. These concentrations observed at sites A and S were in agreement with concentrations reported by Chimezi et al., (2013) from soil samples of industrialize environment, Wuana and Okieimen, (2011) from dumpsite soil of Markudi and Dauda and Odoh (2012) from soils of fuel filling station. The concentration of Cd obtained from most sites were in agreement with the finding of Asawalaam and Eke (2006) and Njoku  and Ayoka (2007) who investigated the trace metal concentrations and heavy metal pollutants from soils in Owerri, Nigeria. The concentration of cadmium obtained at site A may be due to the dumping of Poly vinyl chloride site S, may be due to disposal of Poly Vinyl Chloride (PVC) injection syringe (Jarup, 2003). Analysis of variance showed that soil organic carbon had significant difference (p<0.05) on Mn, Zn, Pb and Cd concentrations at all studied sites. Faming activities should not be sited around all these sites with high concentration of heavy metals to avoid human, resulting from planting crops on these soils. Also, if there further accumulation, it can lead to leaching of heavy metal into the nearby water way which might eventually cause health impair if taken by man.
Conclusion 
 The results indicated that different anthropogenic activities in Abeokuta city had impact on soil organic carbon content and introduced heavy metals into the soil. It was found that pH controls the concentration of heavy metals in the soil. This study also indicates the presence of Mn, Zn, Pb and Cd in the study areas. Mn, Zn, and Cd were found in concentrations above United State Environmental Protection Agency allowable concentration indicating a threat to the population. Even though the levels Pb was below the United State Environmental Protection Agency maximum concentration limits, it may still pose a threat since these toxicants are known to be bio-accumulative. This study also concludes that soil organic carbon had a very strong relationship with all the heavy metals concentration; this means both of them are being affected by the anthropogenic activities considered. This relationship between these two parameters can be used as indicator of soil pollution. 
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