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Abstract
In this research, we perceived that some approaches adopted by environmentalist and researchers to remediate 

crude oil contaminated soil, by using microorganisms such as Pseudomonas aeruginosa, Aspergilus nigar and 
Azotobacter have obvious drawback. Thus we set out to adopt synergistic application of earthworms and brewery 
mash as consortiums for cleaning-up crude oil contaminated soil. The result gave significant reduction of contaminants 
in the soil. The efficiency of this approach arose due to considerable biological influence of earthworms in the soil by 
burrowing, feeding on the brewery mash, promoting aeration and facilitating rapid oxidation of the contaminants. The 
brewery mash was introduced as nutritional additive that would supplement for the depleted nitrogen and phosphorus, 
to facilitate associated feeding regimes. Wherein the brewery mash serve as carbon source to the earthworms. 
The results suggest that the co-application of Nsukkadrilus mbae and brewery mash promoted the reduction of 
both recalcitrant TPH and PAHs crude oil-contaminated soil. It equally showed that by increasing the number of 
earthworms, will further enhanced loss of contaminants. Considering the relative availability and affordability of 
earthworms and brewery mash, this approach is unarguably economical. Field application of earthworms and 
brewery mash for bioremediation would require careful consideration in matching earthworm treatment approach 
with appropriate earthworm species. Thus, earthworms enhance oil degradation via oxidation processes due to the 
aeration resulting from burrowing activities, increased microbial availability of hydrocarbons due to bioturbation and 
facilitate microbial activities. The observed increase in respiration rate by microorganisms indicates that earthworms 
and brewery mash have positive influence on microbial activities. In general, if given longer time, the synergistic 
application/activities of earthworm and brewery mash contaminants clean-up would be absolute, beneficial and 
economic approach to bio-remediate dissolvable and recalcitrant contaminated hydrocarbons in polluted soil.
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Introduction
The activities of man associated with exploration, refining, 

transportation of crude oil and by-products usually results to 
environmental pollution. Particularly soil contamination, which poses 
severe threat to ground water [1]. Some constituents of crude oil are 
carcinogenic and potential immunotoxics [2]. The impact of crude 
oil spillage or discharge into the ecosystem breeds environmental 
concern [3], especially with associated heavy metals present in the 
crude oil. For instance, in Nigeria, with emphasis on the Niger Delta 
area, the discharge of crude oil into the environment foster consequent 
pollution hazard [4]. The prospecting companies and government 
through different agencies have at one time or the other applied 
divers physical, chemical or biological approaches to cleaning-up 
these pollutants. In soil, petroleum hydrocarbons create conditions 
which lead to unavailability of some essential plants nutrients such 
as nitrogen, phosphorus and the availability of toxic elements such as 
arsenic (As), lead (Pb) and iron (Fe) [5]. The crude oil polluted soil 
may remain unsuitable for crop growth over a period of time [6], until 
the remediation is absolute. The response of crops to oil contamination 
depends on the impact of contamination and degree of spillage. Light 
(slight) contamination may lead to weathering of crop leaves while 
heavy contamination results to total shading of plants leaves. The 
consequence of both conditions that total crop failure occurs [7]. Some 
organisms are known to influence the activities of ubiquitous bacteria, 
which rapidly respond in the presence of petroleum polluted site, 
have the capacity to degrade a wide range of crude oil components. 

One of such organisms is earthworm. Earthworm through its enzyme 
and biological activities increase the soil microbial activity [8]. The 
numerous remediation technologies involving contaminant treatment 
span a wider spectrum and the choice of technology is site-specific and 
host dependent factors including contaminants-types. Concentration, 
overall treatment cost, time taken to completely clean-up minimum 
contaminants, concentration availablity, long-term effectiveness, 
future land use, and regulatory requirements [9-12]. The search for 
the best combination of micro and macro-organisms and nutrients for 
efficient bioremediation will both be time friendly, cost-effective and 
environmentally friendly are on top gear. There are many sources where 
the environment is anthropogenically consciously and unconsciously 
battered with pollution from crude oil and its refined product. 
Petroleum contamination of soils and aquifers is a real and potential 
environmental, health and economic problems. In general, the major 
concerns are the effects on economic plants, animals and human health, 
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water table and farmlands [13]. The effects of crude oil contaminants 
on marine plants such as mangroves, sea-grasses, salt-mash grasses and 
algae has been studied, experimental ecosystems, field experiments and 
surveys [14,15]. Also death, reduced growth and impaired reproduction 
in large plants was noticed. The technologies available for the treatment 
of oil contaminated media vary widely from containment to removal 
or destruction of contaminants through burning, physical, chemical 
and biological treatment [16-21]. Earthworm incubation within soil 
promotes increased availability of nutrients and is known to increase, 
enhance transport and disperse metabolically active soil microbes [22-
25], improve soil structure and fertility via bioturbation and mixing 
[22,23]. The results of these biological, chemical and physical actions 
of earthworm is that it presents a number of favourable conditions 
for subsequent microorganism actions upon contaminants, including 
alteration of the availability of compounds by aiding degradation 
further [24]. Earthworms enhance oil degradation through enhanced 
oxidation processes due to the aeration resulting from burrowing 
activities; increased microbial availability of hydrocarbons due to 
bioturbation and enhanced microbial activity [25]. A number of 
encouraging studies have, highlighted the potential of earthworms 
uses to promoting hydrocarbons contaminants from soil [26-31]. 
Researchers have equally indicated a variance between studies and 
results which are suggestive to both species and compound specificity 
[31]. It has equally been hypothesized that the application of additional 
organic nutrients would greatly optimize the living conditions of 
earthworms by increasing food supply to promoting microbial activity 
[25] both effects facilitate reduction in total petroleum hydrocarbon 
(TPH). The choice of organic additive is cost effective dependent, 
availability and short transport distances. Brewery mash, also known 
as spent grains, is a by-product of beer brewing. It is readily available in 
large quantity and is produced yearly in Nigeria and the world. Brewery 
mash (mash) is used as forage in animal husbandry because of protein 
[25]. It rich in microorganisms such as yeasts, bacteria (pseudomonas) 
[25]. Gevao [26] suggested that the enrichment of microorganism in 
mash might lead to significant decrease in oil components. Hence, 
the nitrogen rich mash provides nitrogen and phosphorus, which the 
oil-degrading bacteria need to synthesize amino acids, purine and 
pyrimidine. The ratio at which organic additives is amended with 
the contaminated soil becomes very important to fasten the rate of 
hydrocarbon elimination from contaminated soil. For instance, at 
high ratio, mash to soil (1:10), microorganisms will duel much on 
the additive as the main source of carbon instead of breaking down 
the hydrocarbons. But with low mash to soil ratio (1:20), the rate of 
hydrocarbon degradation will increased. Thus, this research aimed at 
evaluating the combined effect of earthworm and brewery mash in 
bioremediation of crude oil- polluted soil via varying the numbers of 
earthworms with respect to numbers of days.  

Methodology
Chemicals/reagent

All chemicals and reagents were of analytical grade, and products 
of Merk, Germany. British Drug House (BDH) Chemicals Ltd, Poole, 
England, May and Baker Ltd, England and Reidel-De-Haen Ag Seilze-
Hannovre, Germany.

Collection of soil sample

The test/substrate used in the research was crude oil-polluted soil. 
The top soil (0-15 cm) of crude oil-polluted soil was collected from 
Shell Petroleum Development Company (SPDC) Nigeria Limited flow-
station, Uzere in Isoko South Local Government Area, Delta State, 

Nigeria. The spill was due to the overflow that occur in August, 2008. 
Prior to this research, the clean-up process at the site was mopping up 
of the crude oil that saturated the soil, booming of the site by natural 
degradation and attenuation.

Collection of earthworms

Earthworms (Nsukkadrilus mbae) were collected from Boki 
Local Government Area, Cross River State, Nigeria. The earthworms 
were identified and classified by Prof. J. E. Eyo of the Department of 
Zoology, University, Nigeria. The earthworms weigh 0.50-0.90 g. They 
were acclimatized for 24 hours prior to the experiment.

Brewery mash

The nutritional additive used for the research was brewery 
mash (spent grains). The spent grain was collected from the Waste 
Management Unit, Life Breweries Nigeria limited, Onitsha, Anambra 
State, Nigeria. The mash was wet and air-dried at room temperature. 
The dried sample was sieve and the powdered was applied.

Experimental design

A total of 24 transparent cylindrical containers, measuring 14 
cm in diameter and 15 cm height, were used for the experiment. The 
containers were perforated at the base and plugged with cotton wool 
to ease and create even aeration. Crude-oil polluted soil sample (1 kg) 
was empty into each of the containers. The experiment was divided into 
four study groups as shown below:

Group I: Contaminated soil (Control(C))

Group II: Contaminated soil + earthworms (C+E)

Group III: Contaminated soil with mash (C + A)

Group IV: Contaminated soil, incubated with earthworms and 
mash (C + A + E) 

The groups II and III had subsets A, B and C with 5, 10 and 20 
earthworms respectively. The mash was mechanically mixed and added 
to the contaminated soil in the ratio 1:20 (mash: soil). All the groups 
were made in triplicate. After incubation of the soil with earthworms, the 
containers were covered with net. Water was introduced periodically at 
week interval to aid soil humidity and regulate water holding capacity 
(WHC) of 62-68% at 14-20oC. Analyses were performed on 0, 14 and 
28 days of the experiment.

Statistical analysis     

Test of statistical significance was carried out using one-way analysis 
of variance together with postHoc test (multiple test comparison). 
Statistical difference was acceptable at p<0.05. The Statistical Package 
for Social Sciences (SPSS) version 17.

Results
Chemical properties of the polluted soil

The chemical properties of the crude oil-contaminated soil used 
for this experiment was analyzed to ascertain its characteristics. The 
results showed increase concentrations of TPH and PAHs. Indicating 
the presence of recalcitrant crude oil contaminants in the polluted soil 
(Table 1).

Total petroleum hydrocarbon concentration

The result obtained from TPH analysis showed significant 
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3 shows significant decrease (p<0.05) in TPH concentration as the 
number of earthworms/brewery mash mixed with the polluted soil 
increase compared to the brewery mash treated and control groups. 
The TPH percentage loss in different groups at the end were 48-58% 
in the control, 46-54% in the earthworms incubated group and 88-
94% in the earthworms/brewery mash-treated groups find Table 3. 
Also, Figures 1 and 2 illustrate the chromatograph of PAHs and total 
petroleum hydrocarbons on day 0.

The chromatogram in Figure 1, illustrate the various contaminants 
peaks such as polycyclic aromatic hydrocarbons present in the soil at 
day zero.

The Figure 2 above shows the chromatogram of the control group, 
illustrating various peaks of contaminants such as total petroleum 
hydrocarbons present in the soil at day zero.

Polycyclic aromatic hydrocarbon concentration (PAHs)

The PAHs analysis indicated that as the number of earthworms 
increase, PAHs concentration significantly decrease (p<0.05) compared 
to control group. This is shown in Tables 4 and 5 below.

Similarly, as the number of earthworms increases, there is a 
significant decrease (p<0.05) in PAHs concentration in the earthworms/
brewery mash-treated groups compared to brewery mash and control 
groups.  The result of PAHs in general indicated that PAHs reduction 
was 84-94% in the earthworms/brewery mash, 58-64% in earthworms 
alone, and 49-52% in the brewery mash treated groups. Figures 3 and 4 
showed the chromatograph of TPHs and PAHs at day 14.

The above chromatogram in Figure 3 shows the polycyclic aromatic 
hydrocarbons of earthworms plus brewery mash at day 14 depicting 
gradual reduction in PAHs compared (Figure 1) chromatogram. This 
visible ones are said to be recalcitrant contaminants.

The chromatogram in Figure 4 shows the total Petroleum 
Hydrocarbons components of the earthworms plus brewery mash 
at day 14 depicting gradual reduction in TPHs compared (Figure 2) 
chromatogram.

Microbial respiration

The result of determination of microbial respiration (MCR) at days 
14 and 28 of the experiment generally showed a significant (p<0.05) 
increase in all the treated groups compared to control. However, the 
increase was greater in the groups with twenty earthworms. As the 
numbers of days increased from 14 to 28 days of the experiment, 

decrease (p<0.05) in the TPH concentration in all the treated soil 
samples compared to control group. Table 2 shows how the number of 
earthworms in the contaminated soil sample affected the concentration 
of total petroleum hydrocarbon (TPH), indicating significant decrease 
(p<0.05). Wherein, as the number of earthworms increase, there was 
observable reduction in contaminants compared to control group. 
Where the significant result was observable at day 28, followed by day 
14. Also, C+E20 (mg/kg) i.e 20 earthworms showed greater efficacy 
due to the high numbers of earthworms and closely followed by C + 
E10 (mg/kg) with 10 earthworms in day 28 and 14 respectively. Table 

Parameter Value
pH (water) 6.2 ± 0.20
pH (KCl) 5.40 ± 0.15
Percent carbon (%) 7.43 ± 0.07
Total nitrogen (%) 0.07 ± 0.05
Total C/N ratio 106:01:00
Total nitrate (%) 4.6 ± 0.05
Ca2+ (Meq./100 g) 2.0 ± 0.08
Mg2+ (Meq./100 g) 0.6 ± 0.07
Na+ (Meq./100 g) 0.32 ± 0.06
K+ (Meq./100 g) 0.13 ± 0.05
CEC (Meq./100 g) 2.43 ± 0.06
H+ (Meq./100 g) 2.60 ± 0.05 
Al3+ (Meq./100 g) BDL
Available Phosphorus (ppm) 21.4 ± 0.93
Microbial respiration (mgCO2 evolved) 129.7 ± 2.62 
TPH (mg/kg) 15056.86 ± 92.11
PAHs (ppm) 2462.88 ± 30.61

BDL=below detection limit
Table 1: The chemical properties of crude oil contaminated soil.

                      Total Petroleum Hydrocarbon (TPH) Remaining
Group/ 
Treatment C (mg/kg) C + E5 (mg/kg) C + E10 (mg/kg) C+E20 (mg/kg) 

Day 0 15056.86 ± 92.11 15056.86 ± 92.11 15056.86 ± 92.11 15056.86 ± 92.11 
Day 14 12275.36 ± 28.03 13167.91 ±108.82 9237.21 ± 65.49 11031.86 ± 31.94 
Day 28 7590.88 ± 1050.4 7241.36 ± 86.3 6554.89 ± 61.11 4162.53. ± 54.49 

Key: 
C         =  Contaminated soil (control) 
C + E5   =  Contaminated soil incubated with 5 earthworms
C + E10 =  Contaminated soil incubated with 10 earthworms
C + E20 =  Contaminated soil incubated with 20 earthworms
Table 2: Effect of earthworms’ numbers on TPH degradation in crude oil 
contaminated soil.

                  Total Petroleum Hydrocarbon (TPH) Remaining
Group/Treatments C (mg/kg) C+A (mg/kg) C+A+E5 (mg/kg) C+A+E10 (mg/kg) C+A+E20 (mg/kg) 
Day 0 15056.86 ± 92.11 15056.86 ± 92.11 15056.86 ± 92.11 15056.86 ± 92.11 15056.86 ± 92.11 
Day 14 12275.36 ±128.03 10801.03 ± 11.91 3647.29 ± 57.72 2693.90 ± 51.57   1671.21 ± 80.27 
Day 28 7590.88 ± 10.54 8110.86 ± 60.05 1543.58 ± 68.88 1112.38 ± 55.08 842.85 ± 69.75 
                  Total Petroleum Hydrocarbon (TPH) Remaining
Group/ Treatments C (mg/kg) C+A (mg/kg) C+A+E5 (mg/kg) C+A+E10 (mg/kg) C+A+E20 (mg/kg) 
Day 0 15056.86 ± 92.11 15056.86 ± 92.11 15056.86 ± 92.11 15056.86 ± 92.11 15056.86 ± 92.11 
Day 14 12275.36 ± 128.03 10801.03 ± 11.91 3647.29 ± 57.72 2693.90 ± 51.57   1671.21 ±  80.27 
Day 28 7590.88 ± 10.54 8110.86 ±  60.05 1543.58 ± 68.88 1112.38 ± 55.08 842.85 ± 69.75 

Key:
C     = Contaminated soil (control) 
C + A  = Contaminated soil + brewery mash 
C + A + E5   = Contaminated soil + brewery mash + 5 earthworms
C + A + E10 =  Contaminated soil+ brewery mash + 10 earthworms 

Table 3: Effect of earthworms’ numbers amended with brewery mash on TPH degradation in crude oil contaminated soil.
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Increase in respiration is a good indication of microbial activity which 
included biodegradation in the soil and the mash. It can be seen that the 
respiration was highest in the mash/earthworm treated soil having the 
highest number of earthworms. The implications of this were removal 
of soluble and recalcitrant contaminants.

Percent organic carbon

Table 6 shows the changes that took place at different time with 
respect to percent in all the groups. The results was significantly 
different (p<0.05) from each other. Taking a close view at day 0, 14 and 
28 respectively.

 

 

Figure 1: The PAHs chromatogram of control (C) in day 0.

 

 

Figure 2: The TPH chromatogram of control (C) of the day 0.

 

Figure 3: The PAHs chromatogram of earthworm/brewery mash (C+A+E20) in day 14.
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Discussion 
Earthworm in soil promotes increased availability of nutrients and 

is known to increase, enhance, transport and disperse metabolically-
active soil microbes [22,23]. Thus, earthworms enhance oil degradation 
via oxidation processes due to the aeration resulting from burrowing 
activities; increased microbial availability of hydrocarbons due to 
bioturbation and microbial activity [25]. Similarly, brewery mash 
(spent grain) is rich in microorganisms and equally has high contents 
of yeast which oxidize total petroleum hydrocarbons with oxygen, and 
use the oxidized products in their metabolism as carbon source [25]. 
Table 1 shows the chemical characteristics of crude oil contaminants, 
with element such as Al3+ (Meq./100g) were below detection limit. the 
pH (water) 6.2 ± 0.20, pH (Kcl) 5.40 ± 0.15, Mg2+ Meq./100 g), 0.6 ± 
0.07 and total nitrate (%) 4.6 ± 0.05 respectively. Whereas, Available 
Phosphorus (ppm) 21.4 ± 0.93, microbial respiration (mg/CO2 
evolved) 129.7 ± 2.62, total petroleum hydrocarbons (TPHs) (mg/kg) 
15056.86 ± 92.11 and polycyclic aromatic hydrocarbons (PAHs) (ppm) 
2462.88 ± 30.61. Hence, the nitrogen rich brewery mash provides a 

 

 

Figure 4: The Total Petroleum Hydrocarbons chromatogram of earthworm/brewery mash in day 14.

Polycyclic Aromatic Hydrocarbon (PAH) Remaining
Group/Treatment C (ppm) C + E5 (ppm) C+E10 (ppm) C+E20 (ppm) 
Day 0 2462.88 ± 30.61 2462.88 ± 30.61 2462.88 ± 30.61 2462.88 ± 30.61 
Day 14 2339.86 ± 31.95 1241.88 ± 22.30 1370.98 ± 24.06 1076.40 ± 23.42 
Day 28 2106.56 ± 31.04 1077.60 ± 21.22 1160.78 ± 25.87 942.32 ± 22.50 

Key:
C         =  Contaminated soil (control) 
C + E5 =   Contaminated soil incubated with 5 earthworms
C + E10 = Contaminated soil incubated with 10 earthworms
C + E20 = Contaminated soil incubated with 20 earthworms

Table 4: Effect of earthworm’s numbers on PAHs degradation in crude oil contaminated soil.

   Polycyclic Aromatic Hydrocarbon (PAH) Remaining 
Group/Treatment C (ppm) C+A (ppm) C+A+E5 (ppm) C+A+E10 (ppm) C+A+E20 (ppm) 
Day 0 2462.88 ± 30.61 2462.88 ± 30.61 2462.88 ± 30.61 2462.88 ± 30.61 2462.88 ± 30.61 
Day 14 2339.86 ± 312.96 1398.48 ± 30.38 636.25 ± 25.92 397.28 ± 27.52 406.37 ± 23.78 
Day 28 2106.56 ± 308.04 1275.99 ± 21.82 375.12 ± 25.87 142.37 ± 22.95 137.92 ± 26.73 

Key:
C           = Contaminated soil (control) 
C + A    = Contaminated soil + brewery mash 
C + A + E5     = Contaminated soil + brewery mash + 5 earthworms
C + A + E10  = Contaminated soil+ brewery mash+ 10 earthworms
C + A + E20   = Contaminated soil + brewery mash + 20 earthworm

Table 5: Effect of earthworm’s numbers on PAHs degradation in crude oil contaminated soil amended with brewery mash.

Percent Organic Carbon Remaining
Group/Treatment (%) Day 0 Day 14 Day 28

Control (C) 7.42 ± 0.07 7.01 ± 0.24 7.14 ± 0.06
C + E5 7.42 ± 0.07 4.01 ± 0.08 3.65 ± 0.25

C + E10 7.42 ± 0.07 3.86 ± 0.15 3.59 ± 0.07
C + E20 7.42 ± 0.07 3.71 ± 0.08 3.32 ± 0.07
C + A 7.42 ± 0.07 3.75 ± 0.09 3.65 ± 0.06

C + A + E5 7.42 ± 0.07 3.37 ± 0.07 3.24 ± 0.07
C + A + E10 7.42 ± 0.07 3.62 ± 0.08 3.24 ± 0.05
C + A + E20 7.42 ± 0.07 3.48 ± 0.06 3.16 ± 0.07

Values are mean ± SD (n=3)
Key:
C = Contaminated soil (control)
C + E5 = Contaminated soil incubated with 5 earthworms
C + E10 = Contaminated soil incubated with 10 earthworms
C + E20 = Contaminated soil incubated with 20 earthworms
C + A = Contaminated soil + brewery mash
C + A + E5 = Contaminated soil + brewery mash + 5 earthworms
C + A + E10 = Contaminated soil+ brewery mash + 10 earthworms
C + A + E20 = Contaminated soil + brewery mash + 20 earthworms 

Table 6: Changes in soil percent organic carbon at days 0, 14 and 28.
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Figure 5: The PAHs chromatogram of earthworm/brewery mash (C+A+E20) in day 28.

 

 

Figure 6: The TPH chromatogram of the control of the day 28.

nitrogen and phosphorus source, which the oil-degrading bacteria 
need to synthesize amino acids, purine and pyrimidine [32]. Thus this 
study revealed the synergistic potential of earthworms (Nsukkadrilus 
mbae) and brewery mash to enhance biodegradation of residual 
petroleum hydrocarbons in oil-contaminated soil, and to restoring 
soil fertility. The significant decrease in hydrocarbons (TPH and PAH) 
(p<0.05) and percent organic carbon (% OC), the significant increase 
(p<0.05) in microbial respiration (MCR) were potentially promoted 
in the earthworm treatment. Table 2 shows the Effect of number of 
earthworms on TPH degradation in the crude oil-contaminated 
soil, on day 0, 14 and 28 [26,29], portray similar results which states 
that physical actions (aeration, input of nutritionally-rich matters, 
bioturbation and increased soil surface area where responsible for 

microbial interaction), as previously reported by [27,29,31,33,34]. 
The 88-94% TPH level of reduction in the combined earthworms and 
mash treatment was in good agreement with the results published by 
[35], but was contrary only to the mixture ratio, where he concluded 
that such degree of reduction is obtainable only when 50% additive 
(compost) is used. Table 3, explain the effect of number of earthworms 
amended with brewery mash on total petroleum hydrocarbons (TPHs) 
degradation in crude oil contaminated soil. Results indicated that 
C+A+E20 (mg/kg) have the highest activities 842.85 ± 69.75 0n day 
28, compare to C+A (mg/kg) day 28, C+A+E5 (mg/kg) day 28, and 
C+A+E10 (mg/kg) day 28 respectively. Showing that Mash mixed into 
soil alone resulted in TPH (46-54%) reduction, while 48-58% reduction 
in TPHs was observed in the treatments with earthworms but without 
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organic material increased respiration rates in oil-contaminated soil. 
It has also been reported that soil respiration in soil samples treated 
with earthworms and additives was higher than in the corresponding 
treatments with earthworms alone [39]. The percentage of organic 
carbon is shown in Table 6. Thus, there was evidence that earthworms 
stimulate carbon mineralization when sufficient food materials (rich 
in nitrogen) are present or added. Naturally-occurring microbes are 
responsible for the ready degradability of crude oil hydrocarbons 
(alkanes, alkenes, aromatics) in soil, sludge and sediments. The 
observed increase in soil respiration rate indicates that earthworms 
and brewery mash have a positive influence on microbial activities. 
Similarly, the sole application of brewery mash gave a TPH and PAH 
reductions higher than the controlled group (crude oil contaminated 
soil), but lower than the mash and earthworms incubated groups at the 
end of the investigation which, probably was due to the comparatively 
quick net nitrogen mineralization of mash [40]. Therefore, earthworms 
may be useful tools for optimizing remediation of crude oil-
contaminated soil, and their efficiency increased at a moderate TPH 
concentration [25] also suggested that the density of earthworms used 
in bioremediation of crude oil-contaminated sites probably do not 
exceed those normally found under normal field conditions, which 
varies from species to species. In view of this study, there is greater 
evidence to the synergistic benefits of combining earthworms and 
brewery mash for the fertility restoration of long standing crude oil-
polluted agricultural soil. Earthworm count on the last day of the 
experiment indicates a mortality rate 46-50% and 75-79% in the mash-
amended and non-amended groups respectively. This variation could 
be in agreement with [41] and suggest that the mash served as food 
source to the earthworm and/or had increased the microbial activity of 
the oil-contaminated soil.

Consequently, earthworm species that are easily available, cultured 
(vermiculture) and/or purchased in high quantity should be considered. 

mash. Figures 1-6 showed the chromatograms of some compounds 
in PAHs and TPHs detected at various peaks. This result corresponds 
to the observations of Schaefer [25] and Singer [35] who individually 
determined the loss of hydrocarbons of 20-34% and 23-31% respectively 
per month in comparable soils amended with fertilizers. Table 3 showed 
the effect of number of earthworms on PAHs degradation capacity of 
earthworms in the crude oil contaminated soil, which followed the 
same trend with Tables 4 and 5 which shows the effect of earthworm’s 
numbers on PAHs degradation in crude oil contaminated soil amended 
with brewery mash. The significant reduction in PAHs (p<0.05) in all 
treatments and especially the 86-94% loss in the combined earthworms 
and mash-treated group corroborated the assertion that earthworms 
through their biological and physical activities enhanced PAHs 
degradation in crude oil-polluted soils as reported by Schaefer [24] and 
Ma [27]. There was a significant increase (P<0.05) in percent nitrogen 
in the earthworms and mash treatments, and a decrease in C/N ratio 
(an index of increased soil fertility) if we resort to Table 1. This increase 
resulted from rapid mineralization of the available nitrogen in the 
mash, in consonance with previous findings of Contreras [31] and 
Schaefer [25]. This percent nitrogen increase could also have resulted 
from the rich nitrogenous cast of the earthworms. Also, the overall 
significant increase in available phosphorus observed in the combined 
earthworms and mash-treated groups on day 28 of the experiment 
could be attributed to combined influence of phosphorus contained in 
both mash and earthworms casting, and were indications of soil fertility 
recovery, suitable for agricultural purposes. Soil microbial respiration 
measurement revealed a significant increase (p<0.05) in microbial 
activities in the earthworm treatments, compared to the control and 
thus was in good agreement with previous studies which indicated 
that soil incubated with earthworms and nutrients increased microbial 
activities [36]. Earthworms are known to increase respiration rates 
in various soils. See Figure 7 which shows the changes in microbial 
respiration (MCR) of soils at days 0, 14 and 28 of different soil treatments 
[28,37,38]. Callaham found that the addition of earthworms and/or 

 

Figure 7: Changes in microbial respiration (MCR) of soils at days 0, 14 and 28 at variable soil treatments.
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Conclusion
This research conclude that, the combined use of earthworm 

(Nsukkadrilus mbae) and brewery mash showed alternative tool that 
can be applied to treating recalcitrant  contaminants in the soil. It should 
be used as a polishing step after conventional mechanical cleanup. 
The results of this research study suggest that the co-application of 
Nsukkadrilus mbae and brewery mash promoted and enhanced both 
recalcitrant TPH and PAH loss in crude oil-contaminated soil. It 
equally showed that increasing the number of earthworms still further 
promoted additional loss, and considering the relative availability 
and affordability of earthworms and mash, this approach becomes 
unarguably economical. Field application of earthworms and mash 
for bioremediation would require careful consideration in matching 
earthworm treatment approach with appropriate earthworm species. 
Therefore, an epigeic earthworm would be best in a window treatment 
where little burrowing would take place, whilst an endogeic earthworm 
would be suited for deeper treatment systems where deeper burrowing 
is required. Considering the mortality of earthworms used in this 
study, we suggests that prior to incubation/exposure of earthworms 
to the polluted soil adequate and mature earthworms are required to 
avoid acute toxicity and shock. This will effectively promote tolerance 
and enhance further hydrocarbon degradation. Since earthworms have 
the capacity to thrive and survive in moderately crude oil contaminated 
soil. The efficiency of this approach would be promoted through a 
choice of nutritional additive that would supplement for the depletion 
of nitrogen and phosphorus associated with feeding regimes. Largely, 
the synergistic activities of earthworm and brewery mash would be 
beneficial in cleaning-up contaminants in the polluted soil to bio- 
remediate recalcitrant hydrocarbon contaminated soil.
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