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Abstract 

The assessment of the levels of heavy metals present in crude oil contaminated soil and 

the application of the earthworm - Hyperiodrilus africanus with interest on the 

bioremediation of metals from the contaminated soil was investigated within a 90-days 

period under laboratory conditions. Selected heavy metals such as zinc, manganese, 

copper, nickel, cadmium, vanadium, chromium, lead, mercury and arsenic were 

determined using AAS. The physicochemical conditions showed an increase in pH, but a 

decrease in conductivity, total nitrogen and chloride. Assessment of heavy metals 

indicated that heavy metals are present in crude oil at elevated levels beyond national 

regulatory guidelines. There was a significant (P < 0.05) decreasing trend in percentage of 

heavy metals present in soil after inoculation with earthworm in zinc (57.66%), 

manganese (57.72%), copper (57.64%), nickel (57.69%), cadmium (57.57%), vanadium 

(57.68%), chromium (57.67%), lead (57.64%), arsenic (1.36%) and mercury (57.41%) after 

90 days period. Bioaccumulation factor showed that zinc, manganese, copper, cadmium, 

vanadium, chromium and lead had a factor of 1.36, while nickel, arsenic and mercury had 

1.37, 0.01 and 1.35 respectively. The results showed that the earthworms H. africanus 

can be effectively used to bioremediate heavy metals from crude oil polluted soil. 
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Introduction 

Crude oil extracted from oil fields may 

have a considerable amount of heavy 

metals as part of the impurities present. 

This is largely dependent on the mineral 

bearing rocks where the crude oil was 

formed. These impurities are only 

removed to some extent during cracking 

and refining of petroleum into various 

products. During oil spill, such heavy 

metals are bound to soil with large chain 

hydrocarbon compounds after volatile 

constituents of the oil have vapourized 

into the atmosphere. In the remediation of 

contaminated soil, much attention is given 

to the petroleum hydrocarbons and other 

related compounds while less or none is 

given to the associated heavy metals in 

such contaminated environment. 

Heavy metals due to their non-

biodegradable nature can remain bound in 

soil for a long time, can bioaccumulate 

into soil biota, leached into underground 

water and pose a considerable threat to the 

environment, biodiversity and public 

health (Ekperusi and Aigbodion, 2015). 
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Earthworms are vital components of soil 

fauna. They are known to be found at the 

base of the food chain among soil biota 

and are key organisms in determining soil 

function and health (Edwards and 

Arancon, 2006). 

Research on earthworms’ potentials 

to bioaccumulate and biodegrade a 

wide range of pollutants including 

heavy metals from polluted 

environment (Satchell 1983; Schaefer 

and Filser 2007; Sinha et al., 2008; 

Ameh, 2013) are available. Hartenstein 

et al. (1980) reported that earthworms 

can bioaccumulate high concentrations 

of heavy metals like cadmium, 

mercury, lead, copper, manganese, 

calcium, iron and zinc in their tissues 

without affecting their physiology and 

this particularly when the metals are 

mostly non-bioavailable. Cheng and 

Wong (2002) found an increase in zinc 

availability in a loamy soil after 40 days 

incubation with an anecic Pheretima sp. 

In contrast, Zorn et al. (2004) found a 

decrease in zinc availability in a sandy 

soil after 175 days incubation with 

endogeic Aporrectodea caliginosa, but 

no effect on zinc availability in the 

presence of endogeic Allolobophora 

chlorotica. In a similar trend Contreras-

Ramos et al. (2006) confirmed that the 

earthworms reduced the concentrations 

of chromium, copper, zinc and lead in 

the vermicomposted sludge below the 

limits set by the United States 

Environmental Protection Agency in 60 

days. Ameh et al. (2012) reported a 

decrease on the concentration of zinc, 

copper, nickel and chromium exposed 

to used engine oil-contaminated soil 

with Eudrilus eugenia. 

Some researchers has reported that 

bioaccumulation of heavy metals by 

earthworms is metal-specific 

(Marinussen et al., 1997), as well as 

earthworm species-specific (Morgan 

and Morgan, 1999; Hobbelen et al., 

2006; Suthar et al., 2008). However, the 

difference in metal uptake and 

elimination kinetics between earthworm 

species is still unknown. Peijnenburg et 

al. (1999) reported that metal uptake 

and elimination were both metal and 

species-dependent. Worms typically 

attained steady-state concentrations 

rapidly for chromium, copper, nickel 

and zinc using Eisenia andrei. Lui 

(2012) reported pronounced differences 

on earthworms’ uptake and elimination 

kinetics between zinc and cadmium in 

two physiological contrasting 

earthworm species (Eisenia foetida and 

Lumbricus terrestris) reared in three 

field-contaminated soils within 30 days. 

Studies on the assessment of the 

levels of heavy metals in crude oil 

polluted environment are vital in order 

for environmental managers and 

scientist to device appropriate protocol 

for a comprehensive remediation in 

hydrocarbon polluted soil. 

 

Materials and Methods 

Experimental Design 

The crude oil for the study was 

obtained with permission from an 

offshore drilling platform in Escravos, 

Delta State. It has an API of 33.51 and 

specific gravity of 0.86 qualifying the 

oil blend as light crude. Soil for the 

experiment was prepared according to 

ISO standard 11268-1 (ISO, 1993) into 

replicates and then contaminated with 

5ml each of crude oil and allowed to 

stand for 7 days. 5gram of cow dung 

(additive nutrient) was thoroughly 

mixed with the soil and was then 

inoculated with ten earthworms (H. 

africanus) into three replicates and 

control without earthworms. The setup 

was monitored regularly and water was 

added to maintain the moisture contents 

of the media for a 90 days period. A 
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non-contaminated soil (NCS) was 

maintained all through the experiment 

for comparison of the background 

levels in the course of the study. 

Laboratory Analyses 
Samples from the non-contaminated 

soil, contaminated soil with earthworms 

and control without earthworm were 

taken to the laboratory for analyses. 

Physicochemical parameters such as 

pH, conductivity, total nitrogen, and 

chloride and soil properties were 

determined using procedures described 

by AOAC (2005). Heavy metals such 

as zinc, manganese, copper, nickel, 

cadmium, vanadium, chromium, lead, 

arsenic and mercury were determined 

using Atomic Absorption 

Spectrophotometer (AAS) as described 

by Miroslav and Vladimir, (1999). 

 

 

Statistical Analysis  
Statistical analysis was carried out 

using SPSS version 21 by IBM Inc. The 

results were presented as means, 

standard errors and percentages while 

one way analysis of variance (ANOVA) 

was used to compare the means at p < 

0.05. Post Hoc Duncan Multiple Range 

test was used to separate the means.  

 

Results and Discussion 

In this study on the assessment and 

bioremediation of heavy metals by H. 

africanus from soil contaminated with 

crude oil has shown that earthworm 

activities was able to significantly 

reduces the heavy metals concentration 

present in contaminated soil after 90 

days of the study. 

Physicochemical Conditions of Soil 
The variation in the 

physicochemical conditions of the non-

contaminated, contaminated soil with 

crude oil inoculated with H. africanus 

and the control without earthworm are 

shown in Table 1. 
 

Table 1: Physicochemical parameters of soil before and after contamination (Mean ± 

S.E.) 

Parameters NCS 0 Day 90 days Control Significance level 

pH 5.85±0.00 5.39±0.01 5.60±0.03 5.41±0.01 F = 130.71, P < 0.05 

EC (uS/cm) 56.00±0.00 982.00±1.16 415.67±3.53 927.00±1.16 F = 13961.84, P < 0.05 

Nitrogen (%) 0.13±0.00 0.17±0.01 0.08±0.03 0.16±0.01 F = 5.48, P < 0.05 

Sand (%) 96.00±0.00 92.00±0.58 90.07±1.10 84.51±0.00 F = 35.52, P < 0.05 

Silt (%) 3.00±0.00 7.00±0.58 5.32±0.50 5.63±0.01 F = 16.10, P < 0.05 

Clay (%) 1.00±0.00 1.00±0.00 3.95±0.14 3.76±0.01 F = 11.03, P < 0.05 

Cl- (mg/kg) 16.80±0.00 19.64±0.01 8.31±0.07 17.60±0.06 F = 4279.24, P < 0.05 

*NCS = Non-contaminated soil, P < 0.05 = significant  

 

pH of soil is essential in regulating 

the conditions of soil flora and fauna 

(Ekperusi and Aigbodion, 2015). Initial 

pH of soil was 5.85±0.00, it decreased 

after contamination to 5.39±0.01 and 

increased after inoculation with H. 

africanus to 5.60±0.03 within 90 days. It 

is expected that the activities of 

earthworms in soil regulates the pH 

towards neutrality, this can be the case in 

a composting soil, but may be difficult to 

achieve in a polluted soil since 

biological processes in earthworms 

could be divided towards several 

competing pathways or mechanisms for 

soil chemical regulation, pollutants 

bioaccumulation, immobilization and 

bioremediation. Edwards and Arancon 

(2006) indicated that optimal conditions 

of pH for earthworms ranges between >5 

to > 9. Since the pH was within tolerable 

range as reported by Owa et al. (2003) 
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for earthworms in this ecological zone, 

the earthworm was able to carry out its 

function under such pH conditions. On 

the other hand, the activities of 

earthworms may lead to the buffering of 

pH for the survival of the species in 

polluted soil. Sandor and Schrader 

(2012) and Azarpira et al. (2013) 

reported higher pH values at the end of 

their experiments compared to the initial 

start value, but Heine and Larink (1993) 

reported that the pH of soil materials 

decreased during gut passage in L. 

terrestris. 

Physicochemical parameters such as 

conductivity, total nitrogen and chloride 

in soil (982.00±1.16, 0.17±0.01 and 

19.64±0.01) increased significantly after 

contamination of soil compared to non-

contaminated soil and decreased 

significantly after inoculation with 

earthworms (415.67±3.53, 0.08±0.03 

and 8.31±0.07), except for the control, 

(Table 1). It is usual that as 

bioremediation activities takes place in 

the contaminated soil with earthworms, 

the physicochemical conditions of the 

soil was being restored as observed in 

the declining trend. This is the case with 

report by Ceccanti et al. (2006) and 

Ekperusi and Aigbodion (2015). 

Conductivity of soil highly increased 

after contamination of soil and decreased 

with the activities of earthworms, while 

there was a slight decrease in the control 

soil at the end of the study. A similar 

decreasing trend was reported by 

Manyuchi et al. (2013). According to 

Bruce and Rayment (1982) the rating for 

nitrogen in soil ranges from <0.05 (very 

low), 0.05 – 0.15 (low), 0.15 – 0.25 

(medium), 0.25 – 0.50 (high) and > 0.5 

(very high). In this experiment the 

nitrogen in the non-contaminated soil 

could be classified as low (0.13±0.00). 

After contamination, nitrogen values in 

soil increased and later decreased below 

the background levels at the end of the 

study due to the activities of earthworms 

as against the control soil. Several 

reports (Dai et al., 2004; Iordache and 

Borza, 2010; Ameh et al., 2011; Zavala-

Cruz et al., 2013) has indicated that the 

earthworm activities increased the 

nitrogen, phosphorus and potassium in 

composting soil. This is unlikely the 

case in our study. Being in a polluted 

environment unlike organic compost, the 

available nitrogen maybe needed in the 

bioremediation process by the 

earthworm in order to adapt or regulates 

its normal body functions in the presence 

of the pollutants such as the heavy 

metals and crude oil. Ceccanti et al. 

(2006) reported that the total nitrogen in 

organic treatments were higher and 

remained quite unchanged, meaning that 

the compost and earthworm casting 

regularly released nitrogen compounds. 

Assessment of Heavy Metals 

Concentration in Soil 
Prior to contamination of soil, zinc, 

manganese, copper, nickel and 

chromium were present in varying 

concentration while cadmium, 

vanadium, lead, mercury and arsenic 

were below detection limit (<0.00±0.00). 

After contamination of soil with crude 

oil, the heavy metals concentration 

increased significantly from the initial or 

backgrounds levels. Zinc, manganese, 

copper, nickel and chromium increased 

from 0.62±0.00 to 20.62±0.01mg/kg, 

0.34±0.00 to 8.94±0.02mg/kg, 0.50±0.00 

to 6.87±0.00mg/kg, 0.23±0.00 to 

10.81±0.00, 0.30±0.00 to 8.15±0.01 

respectively while cadmium, vanadium, 

lead, mercury and arsenic in 

contaminated soil are 3.04±0.01mg/kg, 

5.60±0.00mg/kg, 4.91±0.00mg/kg, 

1.08±0.01mg/kg and 2.95±0.01 

respectively.
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Figure 2: Heavy metals in soil before and after contamination of soil with crude oil 

 

Heavy metals occur naturally in soil 

environment as a result of the 

weathering of parent materials 

depending on the mineral constituents 

in pedogenetic processes (Wuana and 

Okieimen, 2011; Kabata-Pendias and 

Pendias 2001; Pierzynski et al., 2000). 

Heavy metals are generally classified 

into trace and toxic metals. Trace 

metals are required in small or trace 

amounts for the regulation of internal 

processes and proper functioning of 

microorganisms, plants and other soil 

organisms while toxic metals when 

present, even in small quantities pose a 

threat to soil flora and fauna. In this 

study, trace metals such as zinc, 

manganese, copper, nickel and 

chromium were detected in very low 

concentrations in soil, while toxic 

metals such as cadmium, vanadium, 

lead, arsenic and mercury were below 

detection in soil, prior to contamination 

with crude oil. After contamination of 

soil, a significant amount of heavy 

metals was reported in soil, in 

concentration above national and 

international recommended guidelines 

for soil. This indicated that petroleum 

or crude oil is a major source of heavy 

metals pollution in polluted 

environment. Dickson and Udoessien 

(2012) on the studies of Nigeria’s crude 

oil blends reported the presence of 

heavy metals such as zinc, lead, 

manganese, cobalt, cadmium, iron, 

nickel, chromium, copper and 

vanadium. They observed that the 

levels of lead, cadmium, chromium, 

manganese, zinc, copper and cobalt 

where low when compared to WHO 

(2011) recommended levels in the 

environment, but reported higher values 

for nickel, vanadium and iron. The 

values of heavy metals reported in our 

study were higher than those reported 

by Dickson and Udoessien (2012). 

Heavy Metals Bioremediation 
Heavy metals concentration in 

contaminated soil inoculated with 

earthworms showed a significant 

decreased after 90 days of the study, 
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although there was a variation in the 

decreasing levels with each of the 

metals (Figure 2). Zinc decreased by 

57.66% (20.62±0.01 to 8.73±0.08), 

followed by manganese with 57.72% 

(8.94±0.02 to 3.78±0.04), copper 

57.64% (6.87±0.00 to 2.91±0.03), 

nickel 57.69% (10.81±0.00 to 

4.57±0.04), cadmium 57.57% 

(3.04±0.01 to 1.29±0.02), vanadium 

57.68% (5.60±0.00 to 2.37±0.02), 

chromium 57.67% (8.15±0.01 to 

3.45±0.03), lead 57.64% (4.91±0.00 to 

2.08±0.02), arsenic 1.36% (2.95±0.01 

to 2.91±0.03) and mercury 57.41% 

(1.08±0.01 to 0.46±0.00). 

 

Figure 3: Heavy metals bioremediation in crude oil contaminated soil with H. africanus 

 

All the heavy metals recorded a 

highly significantly decreased from the 

contaminated soil by the activities of H. 

africanus except arsenic which 

recorded a slight reduction in soil. This 

implies that the heavy metals were 

readily bioavilable for uptake by the 

earthworms as bioremediation of soil 

sets in. Several factors may be 

responsible for the uptake of metals 

from contaminated soil such as the soil 

properties, metal form and speciation 

and the origin of the metals into soil. 

The chemical form (species) in which a 

metal is found in the receiving 

environmental system may render it 

more bioavailable (D’Amore et al., 

2005) and heavy metals from 

anthropogenic sources tend to be more 

mobile and bioavailable than metal 

from pedogenic, or lithogenic sources 

(Wuana and Okieimen, 2011; Kuo et 

al., 1983; Kaasalainen and Yli-Halla, 

2003). Assessment of the properties of 

the soil used for this study indicated 

that sand constituted the highest (96) 

percentage followed by silt (3) and clay 

(1), hence the soil can be referred to as 

sandy soil. Heavy metals bound less to 

sandy soil compared to silt and clay 

soil, making the metals more readily 

available for uptake by earthworms. 

Heavy metals are said to be mobile 

under acidic conditions. The pH 
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recorded in this study which indicated 

the slightly acidic nature of the soil 

before and after contamination implies 

that the soil conditions may have 

influenced the mobility of metals 

thereby making the metals bioavailable 

for uptake by H. africanus. 

On the effect of organic matter 

substrate on the toxicity of copper to 

Aporrectodea longa Ezemonye et al. 

(2006) reported that uptake increased as 

copper concentration increased in soil 

amended with organic substrates such 

as pig, poultry and cow manure. 

Iordache and Borza (2012) reported a 

decreasing trend for lead, manganese, 

copper and zinc with lumbricoid 

earthworms in Romania. Udovic and 

Leston (2007) reported very high values 

for zinc and lead with Lumbricus 

rubellus and Eisenia foetida in 

Slovenia. At the end of this study, all 

the heavy metals recorded about 

57.63% removal from contaminated 

soil except arsenic which was 1.36%. 

This indicated that substantial amount 

of heavy metals are still left in soil at 

the end of the study. It is possible that 

the earthworm has reached its uptake 

threshold for heavy metals or there was 

no sufficient time to have taken all the 

heavy metals from the polluted soil at 

the termination of the study. Sinha et al. 

(2009) reported that upon chemical 

analysis, the vermicomposted sludge 

was over 80% free of heavy metals 

such as cadmium and lead. Metals of 

interest in the study followed a similar 

bioremediation pattern except arsenic. 

While the other metals are decreasing 

with time, arsenic first decreased within 

the first 30 days, it increased in the next 

60 days before it slightly decreased at 

the end of 90 days. The factors 

responsible for this unusual trend is not 

clear and appropriate inference are 

lacking but it may not be unconnected 

with the fact that the arsenic form 

present was not readily available for 

uptake by the earthworm species unlike 

the other metals. Again, being a very 

toxic metal, it is probable that the 

earthworms selectively responded 

against arsenic due to its toxicity in the 

contaminated environment. 

There are concerns that earthworms 

can bioaccumulate and contaminate the 

food chain with pollutants including 

heavy metals taken from the 

environment. These concerns stem from 

the fact that heavy metals are not 

readily biodegradable and hence are 

recalcitrant in the environment. There 

are information that earthworms can 

bioremediate heavy metals through 

methylation, sequestration, growth 

dilution processes, while 

metallothionein (MT), a metal-binding 

protein has been reported with the 

potentials to detoxify heavy metals in 

earthworms (Langdon et al., 2001; 

Janssens et al., 2009). The presence of 

MT2 protein around blood vessels in 

the chloragogenous tissue of the 

earthworm, L. rubellus may play a role 

in the detoxification of heavy metals in 

earthworms (Langdon et al., 2001). 

Again, Veltman et al. (2007) indicated 

that from immunohistochemical 

observations, a significant proportion 

(>70%) of L. rubellus cadmium 

concentration is sequestered by 

cysteine-rich metal-binding proteins, 

such as metallothionein. This could be 

the case for other Lumbricoid species 

for trace metals present in soil. 

Bioaccumulation Factor (BAF)  
In this study, the bioaccumulation 

factor was evaluated as the 

concentration of the heavy metals in the 

tissues of the earthworms in relation to 

the concentration in soil after 90 days 

of the experiment as indicated in the 

equation below; 

Ethiopian Journal of Environmental Studies and Management Vol. 9 (Suppl. 2) 2016 



BAFheavy metals    =  HME 

HMS 

where  

BAFheavy metals = bioaccumulation factor for heavy metals 

HME   = heavy metal concentration in earthworm (mg/kg) 

HMS   = heavy metal concentration in soil (mg/kg) 

 

 

The BAF showed that zinc, 

manganese, copper, cadmium, vanadium, 

chromium and lead had BAFs of 1.36, 

while nickel, arsenic and mercury have 

BAFs of 1.37, 0.01 and 1.35 respectively. 

The higher the bioaccumulation factors for 

a specific contaminant, the more the 

uptake, nickel had the highest uptake by 

earthworms, arsenic had the lowest, while 

zinc, manganese, copper, cadmium, 

vanadium, chromium, lead and mercury 

had similar levels of uptake. Earthworms 

are thought to require some levels of trace 

metals for their proper biological function, 

but the preference for the uptake of trace 

metals and the fate of toxic metals by 

earthworms and particularly H. africanus 

remains unresolved. The level of trace 

element requirement and rate of 

bioremediation may influence the levels of 

uptake of heavy metals by earthworms 

(Ekperusi and Aigbodion, 2015). The BAF 

in our study were higher than that reported 

by Dai et al. (2004) on the heavy metal 

accumulation by two earthworm species 

for cadmium > zinc > copper > lead 

respectively. 

 

Conclusion 

It is important that an effective 

bioremediation strategy be adopted in the 

removal of pollutants such as heavy metals 

from contaminated soil. The earthworm 

species, H. africanus in this study has 

shown a strong potential in the 

bioremediation of heavy metals from 

crude oil polluted soil. The earthworm was 

able to significantly reduce the levels of 

the metals in the crude oil polluted soil, 

although, the fate of the heavy metals in 

the earthworms still remains unknown. It 

can be concluded that the earthworm H. 

africanus can be use effectively to 

bioremediate heavy metals from 

moderately polluted soil with crude oil. 
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