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Introduction
The widespread contamination of our soils with organic pollutants 

has become a matter of public concern. Various anthropogenic 
substances, either organic or inorganic in nature, upon entering the soil, 
may not only adversely affect its productivity potential, but may also 
compromise the quality of the food chain and groundwater. Minerals, 
organic matter and microorganisms are intimately associated in soils 
and closely interact in environmental processes. These interactions are 
especially important in the soil rhizosphere and the sediment-water 
interface, where low-molecular weight biochemicals are abundant and 
microbial activity is intense [1].  One major function of a soil is its use 
as a habitat for soil organisms including maintenance of biodiversity, 
assemblage, and activity for both soil microflora and soil fauna. Soil 
microorganisms themselves are involved in major soil processes, such 
as humification, recycling and mineralization of organic residues, 
leading to the plant availabily of nutrients [2]. Zinc helps to make acetic 
acid in the root to prevent rotting; it is used to control blight and allows 
dead twigs on trees to shed off.  Perceived zinc deficiency is often only 
symptomatic.  Iron is second only to aluminum in the list of abundant 
metals.  It makes up about 5% of the earth’s crust, so it is rarely absent 
from soils, although it may not be present in an available form.  Iron is 
necessary for the maintenance and synthesis of chlorophyll and RNA 
metabolism in the chloroplasts [3].  Manganese is synergistic with iron; 
they work together in biology in ways that are not well understood, 
but we do know that they need each other. Perhaps this is a clue to 
the biological relationships of Mn and Fe, in that the manganese may 
slow the oxidation rate of iron in living things [4]. In wet, acid soils 
below pH 5 or so that naturally contain high amounts of manganese, 
soluble manganese can reach levels that are toxic to plant roots. The 
objective of this study is to follow the distribution and degradation of 
selected organic pollutants in oil – stressed soil and to characterize the 
selected soil minerals in such soil. This exercise not only increases our 
understanding of the interactions between soil components, but also 
assist us in establishing and applying methods for remediation and the 
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cleanup of contaminated soils. The organic pollutants of this study are 
represented by potentially biodegradable aromatic compounds.

Materials and Methods
17 cores of surface soil (sandy loam) samples (0-20cm depth) from 

agricultural grassland located at Choba, Eastwest Rivers State of Nigeria 
with no history of pollution, were collected in a random sampling 
design. The air-dried, gently crushed soils were sieved (2mm screen) 
and characterized.  The treatments included crude oil contaminated 
(10% v/w), nutrient un-amended CON; crude oil contaminated, Urea 
amended UREA and crude oil contaminated, poultry manure amended 
PM soil regimes. Control (no spiking, no amendments) and Unplanted 
replicates were also provided for further comparison. The spiked soil 
was characterized and labeled (PRE-P). 0.8g of amendments were 
added according to the method of Akobundu [5] and allowed for two 
weeks while watering. V. subterranea plant seeds were sourced from 
Enugu state of Nigeria and were subjected to formazan test, scarification 
and imbibition for viability and germination enhancement. Average 
of 10 seeds/ pot were planted and thinned to three plants/ pot after 
10 days of germination/ seedling emergence. Measurement of growth 
indices commenced 2 weeks after germination at 2-weeks intervals of 
growth period. At the end of the study, harvested plants were separated 
into shoots and roots. The plants were thoroughly washed and roots 
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were immersed in a solution of 20mmol L-1 Na2 – EDTA for 30 min 
to remove extracellular metals before washing.  The washed root and 
shoot samples were dried at 80oC for 48h, their dry weights recorded, 
ground and digested with aqua-regia (HCl and HNO3 in the ratio of 
3:1).total organic matter was estimated by weight loss method while 
metals were determined by atomic absorption spectrophotometry 
(Varian SpectrAA 220 FS, Varian, Palo Alto, CA, USA). ANOVA was 
performed on each measured variable, means and standard errors (SE) 
were calculated. The least significant difference (p < 0.05) was used for 
multiple comparisons among treatment means. Descriptive statistics 
were calculated using the SPSS v. 13.0 software package.

Results 
The contamination of soil with crude oil resulted in a decrease in 

pH (from 7.04 to 3.84) (Figure 1). 

Usually, the degree of acidity or alkalinity is considered a master 
variable that affects nearly all soil properties: chemical, physical, and 
biological. If the soil pH is too high or low, the nutrients are either 
locked onto the soil particles or washed out. Plant height increased 
with time in control samples and that of the Poultry manure amended, 
PM regimes but no significant height correlation was observed for the 
Urea amended, UREA regime and contaminated and unamended, 
CON treatments at the 95% level of probability. The inorganic 
nutrients mobilized the contaminants hence the poorer growth at 
some concentrations. Poultry manure amendments, PM ameliorated 
the expressed phytoxicity in preference to Urea inorganic fertilizers 
employed and also improved the root biomass. Also, the results in 
Table 1, suggest that increasing root length resulted in increased 
contaminant degradation. 

Decreased leaf formation with increased concentration of crude 
oil was also observed for all treatments. Zinc uptake by V. subterranea 
declines as pH increases (Figure 1 and Figure 3). Both iron and 
manganese become less available at moderate pH and in the presence 
of low organic matter and water (Figure 2 and Figure 4).

In a calcareous soil, most of the potentially available iron is 
tightly bound to organic matter. Contamination delayed tasseling and 
maturation time. The presence of the microbial community, which 

are the primary factors that influence the fate of organic xenobiotics 
in soil, enhanced by the participating plant was visible in the 
increased degradation efficiencies in planted regimes (Figure 5). Some 
anthropogenic compounds may be used by microorganisms as a source 
of energy and nutrients for growth [6]. 

There was a significant decrease in the levels of extractable zinc 
from the high [7] observed levels of 80mg/kg (Figure 3) when the soils 
were amended with urea fertilizer.

The observed high concentration of iron in the soil is attributable 
to the geology of the Niger Delta area and Iron is in great abundance 
in tropical and subtropical aquifers and is also associated with crude 
oil deposits. In Bambara beans-assisted clean-up, tissue levels of Fe 

TMT Control CON Urea Urea PM
12WAG 48 24 5 5 15
6WAG 36 38 7 7 22

12WAG = Twelve weeks arfter germination, 6WAG = Six weeks after germination

Table 1: Observed root length, RL (cm) 12 WAG.

Figure 1:

Figure 2:

Figure 3:

Figure 4:
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showed that photosynthetic processes were effective. Poultry manure 
amendments gave higher phytoextraction of Fe (Figure 2). Reasonable 
levels of Fe were also seen in fruits samples (Data not shown).

Each of these important components of the soil system not only 
participates in the transformation of xenobiotics but also modifies the 
activity of the other componentsTotal organic matter, TOM depletion 
(Table 2) was evident in contaminated soil and was remedied with 
poultry manure amendment. 

Values denote mean ± SEM (n = 3). Values in the same row with 
same superscript letters are not significantly different at the 5 % level.

There was varied mineral depletion with decreased TOM levels. 
BTEX and PAHs removal efficiencies were very significant at 95% 
confidence level for planted regimes (Figure 5) in comparison to the 
unplanted counterpart. 

Over 50% degradation achievement was established for these 
priority [8] contaminants even witthout nutrient amendments. The 
leguminous property of V. Subterranea was no doubt very helpful. 

Discussion
Most plants grow when the pH is between 5.5 and 6.5 and again, 

pH greatly affects the solubility of minerals; strongly acidic soils (say 
with mean pH of 3.0), usually have high concentrations of soluble 
aluminium and manganese, which are toxic to plants. Nitrogen fixation 
and decomposition are also hindered in such strongly acidic soils [9].

The application of poultry manure to contaminated soils 
significantly increased the soil pH, and promoted better growth and 
yields in V. subterranea. This is in line with the findings of Chen and Lee 
[10]. However, V. subterranea showed little response to applications 
of Urea fertilizer. As predicted, the spill led to loss of vegetation 
compared to control. With anaerobiosis imposed, the rate of glycolysis 
might have increased sharply to maintain energy supplies near to the 
aerobic levels. Some bacteria use the same compound as an energy 

source and as a source of building blocks for biosynthesis. To do this, 
they must balance the rate of ATP production with the rate that they 
‘remove’ precursors for biosynthesis. Under aerobic conditions, the 
molecules pass through glycolysis (glucose + O2 → CO2 + H2O), then 
enter the citric acid cycle, where it is completely oxidized. The electrons 
removed during glycolysis and the citric acid cycle (as NADH) is 
passed through an electron transport chain to create a protonmotive 
force which generates ATP. However, under anaerobic conditions 
(Glucose → Lactate), the citric acid cycle cannot be utilized (because 
it generates too much NADH), and thus cell resorts to a fermentation. 
Much less ATP is produced from glucose during glycolysis, and the 
cell tries to compensate by ‘eating’ glucose faster. Note that the rate 
that precursors are removed for biosynthesis does not increase. This 
shift from slow aerobic to rapid anaerobic consumption of glucose was 
first noted by Pasteur. This shift also happens anytime man is unable to 
provide oxygen to its own mitochondria – they consume glucose faster 
in an attempt to produce ATP via the less efficient fermentation to 
lactate, and lactic acid accumulates in his muscles. This ‘Pasteur effect’ 
leads to rapid and inefficient exhaustion of available carbohydrates, 
a rapid build-up of toxic metabolites, and eventual death of both 
roots and shoots. Lack of adequate oxygen supply to the roots of 
the affected species may have initiated conversion of methionine to 
S-adenosylmethionine, which leads to high concentrations of ethylene 
(precursor is 1-aminocyclopropane-1-carboxylic acid (ACC) in the 
plant system. High ethylene concentrations in petioles are known to 
cause rapid cell expansion and epinasty (the condition in which an 
organ, as a leaf/other plant parts, turns/bends downward because of 
the more rapid/excessive growth of the upper layers/sides of the cells), 
followed by the eventual shedding of leaves and subsequent death 
of the plant [11]. Iron usually present in deltaic environments, was 
detected and observed to have a mean value of 18690 mg/kg on site 
and laboratory monitoring revealed several alterations of chemical and 
biophysical characteristics of the affected plants.

The availability of metals in waste depends on process type, and is 
affected by physical and chemical interactions. These interactions are 
affected by factors like pH, temperature, CO2 concentration, the type 
and concentration of available ligands and chelating agents, as well as 
type and concentration of the metal ions. Concerns over metals relate 
to their toxicity, bio-accumulation and hazards to human and animal 
health [12]. The observed zinc-phosphorus antagonism occurs on 
calcareous soils and may be related to iron availability (Figure 2). 

The observed high concentration of iron in the soil is attributable 
to the geology of the Niger Delta area and Iron is in great abundance in 
tropical and subtropical aquifers and is also associated with crude oil 
deposits. In Bambara beans-assisted clean-up, tissue levels of Fe showed 
that photosynthetic processes were effective. The transformation of 
xenobiotics in a multicomponent system, such as soil, is a result of 
the combined activity of microorganisms, extracellular enzymes, 
mineral colloids and humic materials [1]. Microorganisms are usually 
responsible for mineralizing most organic matter to carbon dioxide, 
water and inorganic components [1]. 

The amount of organic matter in soil depends on the input of 
organic material [13], its rate of decomposition, the rate at which 
existing soil organic matter is mineralized, soil texture, and climate. 
The amount of humus in soil cannot be measured directly but is 
estimated by measuring the % carbon (C) and multiplying this by 
1.72 to give % soil organic matter or humus. Humus is important in 
maintaining soil structure, slightly increasing the soil’s water holding 
capacity and holding a small store of N, P, S and trace elements in 

Figure 5:

Control = 6.5e±0.06
CON = contaminated and unamended regime
Urea = contaminated and Urea - amended regime
PM = contaminated and poultry - amended regime
PREP = contaminated regime prior to planting

Table 2: % levels of TOM for soil samples on which V. subterranea was grown.

TMT CON Urea PM PRE P
Planted 3.9b±0.01 4cd±0.04 5.8d±0.07 7.58j±0.03
Unplanted 0.64c±0.2 0.36e±0.01 0.91de±0.2 7.58j±0.03
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organic forms.  Variability in the effects of dissolved organic matter  
(Table 2) components on mineral dissolution observed suggests that 
metal mobility in soils will depend on the source and composition 
of soil organic matter. Also, this is in agreement with the findings of 
Bremner [14] that soil organic matter is intimately associated with 
metallic cations. Clean – up [8] of such soil therefore will depend on 
the understanding of these interactions.

Conclusion
This study demonstrated, adsorption and other binding 

interactions that occur on both mineral and humic surfaces reduce the 
bioavailability of xenobiotics. Also, overall, phyto-assisted remediation 
using choice plants enhanced xenobiotic biodegradation in soil 
environments more effectively than did indigenous microorganisms, 
and that biostimulation especially with poultry manure reduced oil 
phytotoxicity in soil.

References

1. Bollag JM (2008) Interactions of Soil Components and Microorganisms and 
their Effects on Soil Remediation. J  Soil Sci Plant Nutr 8: 28 - 32.

2. Emmerting C, Schloter M, Hartmann A and Kandeler E. (2002) Functional 
diversity of soil organisms – a review of recent research activities in Germany. 
Journal of Plant Nutrition and Soil Science 165: 408 – 420.

3. Andersen, A. (2000). Science in Agriculture.  Acres USA 2000. 192 - 236.

4. Kurek E (2002) Microbial mobilization of metals from soil minerals under 
aerobic conditions. In: Interactions between Soil Particles and Microorganisms. 
P M Huang, J M Bollag, and N Senesi (eds) John Wiley and Sons, Chichester, 
UK 189-225.

5. Akobundu, I.O. (1987). Tropical weeds of Africa. Wiley publishers, UK. 1-3.

6. Huang PM, Dec J, Senesi N and Bollag J M (2002) Impact of interactions of 
microorganisms and soil colloids on the transformation of organic pollutants. 
In: Interactions between soil particles and microorganisms and the impact on 
the terrestrial ecosystem. IUPAC. John Wiley and Sons, Chichester, England. 
323-378.

7. Osuji LC, Ayolagha G, Obute GC and Ohabuike HC (2007) Chemical and 
Biogeophysical Impact of Four-D (4D) Seismic Exploration in Sub-Saharan 
Africa, and Restoration of Dysfunctionalized Mangrove Forests in the Prospect 
Areas. Chemistry and Biodiversity. 4: 2149 – 2165.

8. Colorado Clean-up Standards for Hydrocarbon contaminated soil and 
groundwater. (2009). The Association for Environmental Health and Sciences. 
www.aehs.com www.oil.cdle.state.co.us Retrieved on 6/1/09.

9. Osuji, L.C. and Onojake, C.M. (2005). African Journal of Environmental 
Assessment and Management. 9,78.

10. Chen ZS and Lee TM (1999) The effects of chemical remediation treatments 
on the extractability of cadmium and lead in the soil and the uptake of 
cadmium and lead by wheat growing in contaminated soils. In: Proceedings 
of 2nd International Conference on Contaminants in the Soil Environment in the 
Australasia-Pacific Region. Dec. 12-17, 1999. New Delhi, India.

11. Vartapetian B B (1978) In ‘Plant Life in Anaerobic Environments’, Hook D D, 
Crawford R M M Eds. Ann Arbor Science Publishers, Michigan. 1-11.

12. Global Environmental Monitoring System (GEMS) (1992) Global Environmental 
Monitoring System, an Operational Guide, 3rd Ed GEMS/W 92.

13. Nwaichi E O, Osuji L C and Onyeike E N (2010). Evaluation and 
Decontamination of Crude Oil-Polluted Soils using Centrosema pubescen 
Benth and Amendment-support options. Int J Phytoremediation 13: 373-382.

14. Bremner J M (2006) Online version “A Review of recent work on Soil Organic 
matter II’’. Journal of Soil Science. 1954 5: 214–229. Article first published 
online: 28 July 2006.

http://www.scielo.cl/scielo.php?pid=S0718-27912008000400006&script=sci_arttext&tlng=pt
http://www.scielo.cl/scielo.php?pid=S0718-27912008000400006&script=sci_arttext&tlng=pt
http://www.bashanfoundation.org/hartmann/hartmannreview.pdf
http://www.bashanfoundation.org/hartmann/hartmannreview.pdf
http://www.bashanfoundation.org/hartmann/hartmannreview.pdf
http://books.google.co.in/books?hl=en&lr=&id=HPRXsqB88lAC&oi=fnd&pg=PA189&dq=Microbial+mobilization+of+metals+from+soil+minerals+under+aerobic+conditions.+In:+Interactions+between+Soil+Particles+and+Microorganisms&ots=Skw8ghPcPk&sig=bXssnc1C9gl0PPfOXLyRYgU
http://books.google.co.in/books?hl=en&lr=&id=HPRXsqB88lAC&oi=fnd&pg=PA189&dq=Microbial+mobilization+of+metals+from+soil+minerals+under+aerobic+conditions.+In:+Interactions+between+Soil+Particles+and+Microorganisms&ots=Skw8ghPcPk&sig=bXssnc1C9gl0PPfOXLyRYgU
http://books.google.co.in/books?hl=en&lr=&id=HPRXsqB88lAC&oi=fnd&pg=PA189&dq=Microbial+mobilization+of+metals+from+soil+minerals+under+aerobic+conditions.+In:+Interactions+between+Soil+Particles+and+Microorganisms&ots=Skw8ghPcPk&sig=bXssnc1C9gl0PPfOXLyRYgU
http://books.google.co.in/books?hl=en&lr=&id=HPRXsqB88lAC&oi=fnd&pg=PA189&dq=Microbial+mobilization+of+metals+from+soil+minerals+under+aerobic+conditions.+In:+Interactions+between+Soil+Particles+and+Microorganisms&ots=Skw8ghPcPk&sig=bXssnc1C9gl0PPfOXLyRYgU
http://books.google.co.in/books?hl=en&lr=&id=HPRXsqB88lAC&oi=fnd&pg=PA323&dq=Impact+of+interactions+of+microorganisms+and+soil+colloids+on+the+transformation+of+organic+pollutants.+In:+Interactions+between+soil+particles+and+microorganisms+and+the+impact+o
http://books.google.co.in/books?hl=en&lr=&id=HPRXsqB88lAC&oi=fnd&pg=PA323&dq=Impact+of+interactions+of+microorganisms+and+soil+colloids+on+the+transformation+of+organic+pollutants.+In:+Interactions+between+soil+particles+and+microorganisms+and+the+impact+o
http://books.google.co.in/books?hl=en&lr=&id=HPRXsqB88lAC&oi=fnd&pg=PA323&dq=Impact+of+interactions+of+microorganisms+and+soil+colloids+on+the+transformation+of+organic+pollutants.+In:+Interactions+between+soil+particles+and+microorganisms+and+the+impact+o
http://books.google.co.in/books?hl=en&lr=&id=HPRXsqB88lAC&oi=fnd&pg=PA323&dq=Impact+of+interactions+of+microorganisms+and+soil+colloids+on+the+transformation+of+organic+pollutants.+In:+Interactions+between+soil+particles+and+microorganisms+and+the+impact+o
http://books.google.co.in/books?hl=en&lr=&id=HPRXsqB88lAC&oi=fnd&pg=PA323&dq=Impact+of+interactions+of+microorganisms+and+soil+colloids+on+the+transformation+of+organic+pollutants.+In:+Interactions+between+soil+particles+and+microorganisms+and+the+impact+o
http://www.ncbi.nlm.nih.gov/pubmed/17886833
http://www.ncbi.nlm.nih.gov/pubmed/17886833
http://www.ncbi.nlm.nih.gov/pubmed/17886833
http://www.ncbi.nlm.nih.gov/pubmed/17886833
http://www.aehs.com
http://www.oil.cdle.state.co.us
http://www.springerlink.com/content/x81816746t5072x8/
http://www.springerlink.com/content/x81816746t5072x8/
http://whqlibdoc.who.int/hq/1992/GEMS_W_92.1_%28part1%29.pdf
http://whqlibdoc.who.int/hq/1992/GEMS_W_92.1_%28part1%29.pdf
http://www.ncbi.nlm.nih.gov/pubmed/21598799
http://www.ncbi.nlm.nih.gov/pubmed/21598799
http://www.ncbi.nlm.nih.gov/pubmed/21598799
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2389.1954.tb02189.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2389.1954.tb02189.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2389.1954.tb02189.x/abstract

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Materials and Methods 
	Results
	Discussion
	Conclusion 
	Table 1
	Table 2
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	References

