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ABSTRACT 

The negative and cost implications of remediation of petroleum contaminated sites using physical and chemical techniques have 

necessitated the use of biological techniques like vermiremediation. In this study the individual and synergistic abilities of two 

earthworms – Eudrillus euginae and Lumbricus terrestris to clean up crude oil contaminated soil were evaluated.  It involved 

experimentally contaminating the soils with various quantities of crude oil. The total petroleum hydrocarbon (TPH), pH and 

nutrient contents of the soils were determined immediately after contamination and after thirty days of earthworm activities. Data 

obtained were statistically analysed using graphpad prisms 6.0 and SPSS 20.0 softwares. Activities of E. euginae led to 88.50% TPH 

loss, L. terrestris led to 76.42% loss while combined activities of the two earthworms led to 73.06% loss of TPH from the soil 

contaminated with 3ml crude oil after 30days. In soil without any earthworm but contaminated with same amount of crude oil there 

was only 21.19% loss of TPH for same period of time. Similar trends were observed in soils contaminated with 1ml and 2ml of crude 

oil for same period of study. The pH, sulphate, phosphate, nitrate and organic matter contents of the contaminated soils were 

reduced after 30 days and the reduction was more in soils with the earthworms than in the soils without the earthworms. The 

findings of this study show that the E. euginae and L. terrestris can help in the remediation crude oil contamination soil and that they 

are more effective individually than in a combined form.   Also E. euginae had more impact on the contaminated soil than L. 

terrestris.  
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INTRODUCTION 

 

Bioremediation is one of the nature’s ways of purifying contaminated environment (Dada et al. 2015). It 

includes all those processes and actions that take place in order to transform an environment by the use of living 

organisms to remove or detoxify contaminants within the environment (Gupta et al., 2003; Rahimi et al., 2012). 

Bioremediation involves the transformation of complex or simple chemical compounds into non-hazardous 

forms by biological agents. It is a relatively cheap and effective means of cleaning the environment and involves 

the application of organisms and nutrients such as inorganic or organic phosphate and nitrogen to the 

contaminated soil (Atlas and Bartha, 1995). Bioremediation techniques include microbial 

remediation/microremediation, phytoremediation, phycoremediation, mycoremediation, zooremediation, and 

vermiremediation (Garbisu and Alkorta, 2003; Gifford et al., 2006; Sinha et al., 2009; Rahimi et al., 2012). 

Vermiremediation is the use of earthworms to clean up contaminants from the soil environment. 

Research on the potential utilisation of earthworms has shown an ability to manage polluted land and even 

sewage sludge. It has been discovered that earthworms are tolerant to, and can remove, or aid the removal of a 

wide range of organic and inorganic contaminants such as pesticides, polycyclic aromatic hydrocarbons (PAH), 

crude oil and heavy metals from the soil (Shahmansouri et al., 2005; Pattnaik and Reddy, 2011; Dada, 2015). 

Hickman and Reid (2008) highlighted possible approaches for vermiremediation to include: (1) by direct 

application of earthworms to contaminated soils; (2) co-application of earthworms to contaminated soils with 

another organic media such as compost; (3) application of contaminated media to earthworms as part of a 

feeding regime; (4) indirect use of earthworms through the application of vermidigested material 

(vermicompost).   

Significantly, earthworms lead to improvement in the quality of soil and land where they inhabit. They 

swallow large amount of soil every day, grind them in their gizzard and digest them in their intestine with the aid 

of enzymes. Only about 5- 10% of the material ingested is absorbed into the body and the rest is excreted out in 

the form of fine mucus-coated granular aggregates called vermicast (Chaoui et al., 2003). The organic matter in 

the soil undergoes humification in the worm intestine in which the large organic particles are converted to a 
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complex amorphous colloid containing “phenolic” materials (Contreras-Ramos et al., 2006). About one-fourth of 

the organic matter is changed to humus which acts as a slow release fertilizer in the soil (Butt, 1999). In its basic 

form, earthworms can be used in the processing or treatment of organic wastes (Azizi et al.,  2013). 

According to Njoku et al. (2016), vermiremediation is very cost effective and environmentally 

sustainable to alleviate polluted soils and sites contaminated with hydrocarbons in just few weeks to months. 

Earthworms are considered ecosystem engineers because they affect the physicochemical and biological 

properties of the soils they inhabit through their activities such as casting and burrowing (LaVelle et al., 1997). 

Earthworms combine mechanical activity upon soil through abiotic system and biotic processes (burrowing, 

ingestion, grinding digestion and subsequent promotion of microorganism benefit remediation processes 

(Azedah and Zarabi, 2015). 

Several researches have established the potentials of earthworms to bioremediate crude oil and other 

petrochemicals from laboratory and field trials polluted soil. Earthworms accelerate the removal of hydrocarbons 

as they burrow through soil by rendering contaminants available for microbial degradation, by feeding on the 

organic matter that harbour contaminants, and by improving soil structure and aeration. Ma et al. (1995) studied 

the influence of earthworm species Lumbricus rubellus on the disappearance of spiked PAHs, phenanthrene and 

fluoranthene (100 μg/kg of soil), and found that the losses of both polycyclic aromatic hydrocarbons (PAHs) 

occurred at a faster rate in soils with earthworms than the soil without worms. Ameh et al. (2013) investigated 

the use of earthworms (Eudrilus eugeniae) for vermi-assisted bioremediation of petroleum hydrocarbon-

contaminated mechanic workshop soils. After 35 days of treatment, earthworm inoculation affected a higher 

drop in total petroleum hydrocarbon contents as compared to the samples without worms, indicating that 

earthworms may be used as biocatalysts in the bioremediation process.  

The goal of this study was to compare the abilities of two species of earthworm in remediating crude oil 

contaminated soil and to determine the efficacy of combining the two earthworms in crude oil remediation. None 

of the information available to us as at the time of this research shows that such comparison had been shown in 

previous studies. Information obtained will help in solving the problem of crude oil pollution and enrich the 

database of biological agents of crude oil remediation  

 

MATERIALS AND METHODS 

 

The crude oil used for this study was obtained from the Well Head of Energia Ltd, Kwale, Delta State and 

Platform Petroleum and Gas Ltd, Kwale, Delta State. Two earthworm species (Lumbricus terrestris and Eudrilus 

eugeniae) as well as the soil were obtained from the University of Lagos Zoological/Botanical Garden, Akoka 

Lagos, Nigeria. The earthworms were acclimatized for 48 hours in moist soil before introducing them into the 

crude oil polluted soil.  

A total of thirty six containers were filled with 400g of sun-dried soil and divided into four groups with 

each having nine containers. Each group was divided into three subgroups representing the treatments (1ml, 2ml 

and 3ml crude oil respectively).   Each subgroup had three replicates. Earthworms were introduced into three of 

the four groups  (A for E. eugeniae only, B  for L. terrestris only and C for a combination of E. eugeniae and L. 

terrestris) while the fourth group was without any earthworm but was contaminated with same amount of crude 

oil as the others. The earthworms were introduced two days after contamination and ten earthworms were 

introduced into each container. The containers were regularly kept wet with 30ml of water added every to two 

days. 

Soil samples from each container were collected at the surface and 10cm depth from each container on 

the day of contamination (initial) and thirty days after contamination (final). The soils from each container at 

each sampling time were thoroughly mixed to obtain a homogenous mixture and were sieved through 2mm 

mesh. The samples were then analysed for their total petroleum hydrocarbon (TPH) content, pH, moisture, and 

nutrient contents 

The TPH contents of the soil samples were determined using the method described by using gas 

chromatography and mass spectrophotometer (GC-MS) technique. The protocol followed for the determination 

of the total petroleum hydrocarbon was that outlined by La Dreau et al. (1997). Ten (10g) of soil sample was 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4624143/#CR26
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weighed into an amber bottle and 20ml of dichloromethane was added to it, and shaken vigorously for 30minutes 

using a mechanical shaker, after which it was filtered into a glass beaker. One (1ml) of the filtrate was 

transferred into a sample vial and stored in a refrigerator awaiting analysis. One (1µl) of pure crude oil was first 

injected into the GC-MS machine to obtain a standard chromatogram and peak area and to calibrate the GC-MS 

machine. Then 1µl of the sample was injected into the GC-MS machine as well as to obtain equivalent 

chromatogram and peak area. The concentration of the sample was calculated as follows: 

 

Sample concentration =  
Sum of peak area of sample × Concentration of standard

Sum of peak area of standard
÷ 10 

 

Where:  Peak area of sample = Total peak area – Solvent peak area in the chromatogram, 

Standard concentration (Sc) = 10,000mg/kg 

Standard peak area (SPA) = 210670.99 

Dilution factor = 10 

 

The pH of the soil samples was determined following standard methods described by Eneje and 

Ebomotei (2011) while the total organic matter content was determined using Walkey-Black method described 

by Skoog (2008). The sulphate, phosphate and nitrate levels in the soil samples were determined  following the 

procedure described by Ben-Mussa et al. (2009).  

 

Statistical Analysis 

The results of from the laboratory analysis were subjected to descriptive statistics (mean and standard error of 

mean) and analysis of variance (two-way ANOVA) at 95% confidence level using Graph pad prism 6.0 and 

Statistical Package for Social Sciences (SPSS) version 20.0 

 

RESULTS 

 

Impacts of E. eugunae and L. terrestris on the TPH content of Crude oil Contaminated Soil 

The amounts of total petroleum hydrocarbon present in the soils samples on the initial day and final day of this 

study are shown in Table 1. The TPH content decreased after thirty days of study (final day). In soil without 

earthworm but decreased more in the contaminated soils inoculated with the E. eugeniae and L. terrestris.  Of 

the soils with earthworms, there was lowest amount of TPH in soils with E. eugeniae alone followed by the soils 

with combination of E. eugeniae and L. terrestris while the soil with L terrestris  alone had the highest amount 

of TPH.  The amounts of TPH in the soils with earthworm were significantly lower than the amount of TPH in 

the soil without earthworm on day 30 (p<0.001).Soil samples without any earthworm had the lowest percentage 

loss while the highest percentage loss was observed in the soil samples with E. eugeniae.  

 

Table 1. Total petroleum hydrocarbon contents of soil contaminated with crude oil (percentage values are in bracket). 

Amount of 

crude oil 

added 

Initial(day 0)  Final(day 30)  

without earthworm 

Final for  

L. terrestris 

Final for 

E. eugeniae 

Final for  

L. terrestris + E. 

eugeniae 

3ml 2187.43mg/kg 1723.98mg/kg 

(21.19%) 

515.80mg/kg 

(76.42%) 

251.55mg/kg 

(88.50%) 

589.26mg/kg 

(73.06%) 

2ml 1667.19mg/kg 1192.94mg/kg 

(28.44%) 

472.95mg/kg 

(71.63%) 

304.19mg/kg 

(81.75%) 

565.52mg/kg 

(66.08%) 

1ml 1367.12mg/kg 1023.94mg/kg 

(25.10%) 

410.65mg/kg 

(69.96%) 

311.27mg/kg 

(77.23%) 

474.17mg/kg 

(65.32%) 

 

Impact of E. euginae and L terrestris  on the pH of crude oil contaminated soil 

The pH of the soil samples contaminated with crude oil is shown in Table 2. The soil samples on day 0 (initial 

pH) had the highest pH for each treatment while on the final day, the lowest pH for soil with 1ml crude oil (5.91) 
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and soil with 3ml crude oil (5.59) each treatment was observed in the soil with  E eugeniae alone.  However, for 

the soil contaminated with 2ml crude oil, the soil inoculated with L. terrestris had the least pH (5.84). Generally, 

the pH level decreased with increase in the amount of crude oil added into the soil. Statistical analysis indicated 

that there was no significant difference (p>0.05) between the pH for the control (soil without earthworm) and the 

treatments (soils with earthworms) at various concentrations 

 

Table 2. Impact of earthworm activity on the pH of the soil. 

Amount of 

crude oil 

added 

Initial (day 0) pH Final (day 30)  

without earthworm 

Final pH  for soil 

with L. terrestris 

Final pH  for 

soil with E. 

eugeniae 

Final pH  for soil 

with L. terrestris 

+ E. eugeniae 

1ml 6.35 ± 0.05 6.28 ± 0.04 5.93 ± 0.07 5.91 ± 0.05 6.05 ± 0.04 

2ml 6.22 ± 0.02 6.18 ± 0.03 5.84 ±0.03 5.88 ±0.10 5.94 ± 0.05 

3ml 6.14 ± 0.01 6.09 ± 0.03 5.80 ± 0.02 5.59 ± 0.03 5.88 ± 0.02 

 

Impact of E. euginae and L. terrestris on the  Nutrient Content of crude oil contaminated soil  

The nutrient (sulphate, phosphate, nitrate and total organic matter) contents of the contaminated soils are shown 

in Table 3. The initial nutrient contents were generally higher than the final nutrient contents (in soils with 

earthworm and soils without earthworms). The sulphate contents of the soil generally decreased with increase 

with the crude oil content. Soil contaminated with 1ml crude oil had sulphate values of 54.01±0.76mg/kg and 

44.96±0.33mg/kg for day 0 and day 30 respectively while the soils containing the earthworms had sulphate 

values of 38.86±0.28mg/kg, 37.07±0.26mg/kg and 41.34±0.42mg/kg for L. terrestris, E. eugeniae and 

combination of L. terrestris and E. eugeniae respectively at day 30. Soil contaminated with 2ml crude oil  but 

without earthworm had sulphate values of 54.96±0.11mg/kg and 44.70±0.38mg/kg for day 0 and day 30 

respectively, while the soils containing the earthworms had sulphate values of 38.00±0.18mg/kg, 

34.99±0.11mg/kg and 41.22±0.24mg/kg for L. terrestris, E. eugeniae and combination of L. terrestris and E. 

eugeniae respectively on day 30. Soil polluted with 3ml crude oil had sulphate values of 54.87±0.16mg/kg for 

day 0 and 42.68±0.31mg/kg for day 30 while the soils containing the earthworms had sulphate values of 

35.20±0.23mg/kg for soil with L. terrestris, 30.43±0.52mg/kg for soil with E. eugeniae and 37.73±0.34mg/kg 

for soil with a combination of L. terrestris and E. eugeniae on day 30. There was a significant difference 

(p<0.05) of the sulphate content of soil with 2ml of crude oil at day 30 (without earthworm), 3ml crude oil at day 

30 (without earthworm) and the combination of L. terrestris and E. eugeniae treatments at all concentrations. 

The initial phosphate level of the soil samples decreased with increase in the amount of crude oil added 

into the soil. The phosphate content of the soil samples decreased on day 30 (final level) compared to the initial 

levels. There was more reduction of the phosphate level in the soil samples with earthworm than in the soil 

without any earthworm. For the soils with earthworm, greatest reduction was in the soil with E. eugeniae and 

least reduction was observed in the soil with L. terrestris. Statistical analysis indicated a significant difference 

(p<0.05) for the 2ml of crude oil at day 30, 3ml crude oil at day 30 and the combination of L. terrestris and E. 

eugeniae treatments at all concentrations. There was also a significant difference (p<0.05) between 1ml, 2ml and 

3ml concentrations for soils with E. eugeniae and the combination of L. terrestris and E. eugeniae between 1ml 

and 3ml concentrations. 

On the final day, the soil samples without any earthworm had more nitrate content than the soil samples 

from pots with earthworms. For the samples with earthworms, the least nitrate levels were observed in the 

samples with E .eugeniae and highest in the samples inoculated with both earthworms (E.eugeniae and L. 

terrestris). Statistical analyses  indicated a significant difference (p<0.05) between the nitrate contents of soil 

with 2ml and 3ml of crude oil for both L. terrestris and E. eugeniae, and the combination of L. terrestris and E. 

eugeniae at 3ml of crude oil. 

The initial organic matter content of the crude oil contaminated soils decreased as the amount of crude 

oil added into the soil increased. The amount of nitrates in the soil samples generally decreased with increase in 

the amount of crude oil in the soil. Also, the final organic matter content of the soils increased with the amount 

of crude oil added to the soils. Generally there was lower organic matter in the soils at the end of the study (day 

30) than at the beginning of the study (day 0). The soils that were inoculated with the earthworms had lower 
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organic matter content than those without any earthworm. Activities of E. eugeniae  led to greatest reduction of 

the organic matter content while the combined activities of the E. eugenia and L. terrestris   led to the least 

reduction of organic matter in the soils with earthworm. There was  a significant difference (p<0.05) between the 

organic matter contents of soils with 2ml and 3ml crude oil that had E. eugeniae, and that with the combination 

of L. terrestris and E. eugeniae for 3ml crude oil contamination 

 

Table 4. Impact of earthworm activity on the Nutrient Content (mg/kg) in the soil (* Significant at p<0.05). 

Amount of 

crude oil 

added to 

soil 

Nutrient Initial (day 0) 

nutrient level 

Final nutrient 

level for soil 

without 

earthworm 

Final nutrient 

level for soil 

with 

L. terrestris 

Final nutrient 

level for soil 

with  

E. eugeniae 

Final nutrient 

levelfor soil 

with 

L. terrestris + 

E. eugeniae 

1ml Sulphate 54.01 ± 0.76 44.96 ± 0.33 38.86 ± 0.28 37.07 ± 0.26 41.34 ± 0.42* 

phosphate 42.67±0.37 34.04±0.08 24.07±0.09 17.96±0.06* 26.69±0.21* 

nitrate 65.79±0.24 50.77±0.15 35.29±0.11 31.14±0.13 37.09±0.19 

Organic 

matter 

86.26±0.13 75.17±0.11 48.14±0.12 44.08±0.09 51.54±0.06 

2mL sulphate 54.96 ± 0.11 44.70 ± 0.38* 38.00 ± 0.18 34.99 ± 0.11 41.22 ± 0.24* 

phosphate 42.60 ± 0.39 33.59 ± 0.11 23.40 ± 0.09 17.29 ± 0.18* 26.15 ± 0.11 

nitrate 65.96±0.06 50.41±0.09 33.33±0.09* 30.29±0.15* 36.27±0.21 

Organic 

matter 

86.57±0.39 75.05±0.09 47.26±0.25 43.74±0.13* 50.30±0.41 

3mL sulphate 54.87 ± 0.16 42.68 ± 0.31* 35.20 ± 0.23 30.43 ± 0.52 37.73 ± 0.34* 

phosphate 42.26 ± 0.52 31.46 ± 0.05 21.81 ± 0.26* 15.64 ± 0.07* 22.98 ± 0.24* 

nitrate 65.76±0.13 49.64±0.38 32.10±0.02* 28.67±0.33* 32.13 ±0.06* 

Organic 

matter 

86.14±0.06 72.93±0.07 45.07±0.10 40.85±0.10* 46.93±0.12* 

 

DISCUSSION 

 

The total loss of some of the petroleum hydrocarbons from the soil with earthworms as compared to the soils 

without the earthworms conforms to the findings of Sinha et al. (2010); Ekperusi and Aigbodion (2015) and 

Njoku et al. (2016) that the earthworms can be used to clean up contaminated soil. The reduction of the levels of 

the petroleum hydrocarbon from the soil was possibly caused by the ability of the earthworms to mineralize 

these petroleum products as was suggested by Contreras-Ramos et al. (2008) and Azizi et al., (2013). Earlier 

studies have suggested possible mechanisms used by earthworms during remediation. For instance, Rodriguez-

Campos et al (2014) observed that the loss of petroleum hydrocarbon in contaminated soil was related to the 

activities of earthworm and the microorganisms found in their digestive tract. Dabke (2013) stated that 

stimulation and increase in the activities of micro organisms in the gut of earthworms may account for the 

removal of the petroleum hydrocarbons as observed in this study. Another possible mechanism used by E. 

eugeniae and L. terrestris in the cleaning up of the crude oil contaminated soil as observed in this study could be 

one of those outlined by Zhang et al., (2000); Schaefer and Juliane, (2007); Njoku et al., (2016) is the 

enhancement of the activities of the microbes in the soil due to earthworm activities. According to Njoku et al 

(2016), the presence of earthworms improves contaminant bioavailability and microbial activities, leading to an 

improvement in the cleaning up of contaminated soil hence the less amounts of TPH in the contaminated soils 

with the earthworms as we observed in this study 

There are some other possible mechanisms that earthworms can use to enhance remediation of 

contaminated soil. For instance,  Albanell et al. (1988) and Azedah and Zarabi, (2015) showed that earthworms 

(such as Eisenia fetida, Eudrilus eugeniae and Lumbricus terrestris) can modify physiology of soil microbial 

community and trigger enzyme activities like cytochrome P450 enzyme which is capable of degrading 

benzo(a)pyrene.  Cytochrome P450 has also been implicated to enhance petroleum hydrocarbon remediation. 
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Earthworms are mainly responsible for fragmentation and conditioning of the substrate increasing surface area 

for microbial activity hence increased remediation of such substrates (Dominguez et al., 2002). With such views 

of Albanell (1988), Sun et al (2011), Azedah and Zarabi (2015), and Njoku et al (2016), it can be suggested that 

the improved TPH loss recorded in the soils with earthworms in this study may be attributed to any or a 

combination of such factors (improved bioavailability, modification of microbial physiology and the triggering 

of enzyme activities). In addition, as was stated by Schaefer and Juliane, (2007), earthworms enhance oil 

degradation by three mechanisms – enhancing oxidation process by aerating of soil, enhancing microbial activity 

and increasing microbial availability of hydrocarbons.  

The higher loss of petroleum from the contaminated soils by either individual earthworm species or 

combination of L. terrestris and E. eugeniae than those soils without earthworms suggests that earthworms are 

capable of degradation of petroleum hydrocarbons more than natural attenuation. E. eugeniae in this study 

showed to be the better remediating agent compared with L. terrestris and even degraded better than when 

combined with L. terrestris. This suggests that E. eugeniae and L. terrestris may not be compatible together in 

remediating crude oil contaminated soils but can be better individually. This result is similar to the findings of 

Sinha et al (2010) who reported E. eugeniae as a better and more effective biodegrader of crude oil. 

For their growth and sustainability, earthworms ingest soil and through digestion and assimilation take 

up nutrient in the soil. Such can lead to lower nutrient contents of soils with earthworms than in soils without 

earthworms as was observed in this study. The extent and the level nutrient taken up by earthworms can vary 

amongst species and soil their influence on remediation and thus the variation of the abilities of the two 

earthworm species to clean crude oil contaminated soil in this study. Our observations in this shows that there is 

a correlation between the nutrient content of the soils and their TPH contents and this can lead to infer that the 

more nutrient consumed by earthworms, the more impact they will have on their contaminant content and thus 

more remediation. Also we observed the soil samples with low pH values had lower nutrient values and lower 

TPH value. The reduction in the pH may due to the production of some acidic byproducts during the degradation 

of the crude oil by the earthworms.  

Various experimental studies suggest that earthworms have potentially negative consequences on 

fertilizer-N retention studies (Postma-Blaauw, et al 2006). Hence the lower nitrate levels in the soils with 

earthworms compared the ones with the earthworms that we observed in this study could be due to such negative 

consequences. This contradicts the reports of  Brown et al (1998), Cortez and Hemeed, (2001) and Brown et al 

(2004) who stated that  earthworms can also increase nutrient availability in systems with reduced human 

influence and low nutrient status, that is, no tillage, reduced mineral fertilizer use, and low organic matter 

content. 

 

CONCLUSIONS 

 

The findings of this study have shown that earthworms (E. eugeniae and L. terrestris) are good agents for 

remediating crude oil contaminated soils, most especially the more active E. eugeniae.  Form the results of the 

performance of the earthworms individually and when combined, we can suggest than it is better to use E. 

euginae and L. terrestris individually than combining them when cleaning up of crude oil contaminated soils. It 

is recommended that the mechanisms used by the earthworms and ways of improving their remediation 

potentials should be study to enhance their efficacy in remediation of crude oil polluted media. 
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