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ABSTRACT

Qil pollution is a worldwide prevalent threat tovimonmental sustainability and the remediation ibf o
contaminated soils, sediments, surface and undendravater is a major challenge for environments¢agch.
Earthworms are an important component of the dothband their response to oil pollution needsedbtter
understood when they are considered for use iretviediation. Laboratory investigations were undenato
monitor the survival rate of earthwormsunbricus terrestrid.in.) in soils contaminated with used engine oll
sourced from three different engines (Motorcycl@tdicar and Truck engines). The aim was to invagtighe
effect of used engine oil concentration, in soil,the survival of earthwormd (terrestrig. The ability ofL.
terrestristo survive in bioremediated used engine oil coimtated soil was evaluated and it was observed that
100% of earthworms survived in both motorcycle andk engine used engine oil contaminated soil for
concentration as high as 150 g used engine oiltky fer a period of 30 days. The highest tolerable
concentration of the motorcar used engine oil gqoirtated soil by the worms was found to be 10 g used

engine oil/kg soil.
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INTRODUCTION

Earthworms are associated with a
healthy soil and their absence is an indication
of poor soil health. Earthworms have been
used in environmental risk assessment as good
indicator organisms for toxicity (Shin and
Kim, 2001). Information on sensitivity of
earthworms to oil-contaminated soil or their
ability to survive in bioremediated soil is
limited (Salanitro et al., 1997; Dorn and
Salanitro, 2000). Neuhauser et al. (1989)
reported that an oily sludge contaminated soil

of concentrations 1.0 — 2.5% resulted in
declines in biomass of Allolobophora
tuberculataand Lumbricus terrestrigLin.) to
less than half of the untreated soil. The
biomass of the treated plots remained lower
than the untreated control plots for more than
2 years. In their investigation witkisenia
fetida (Savigny), Salanitro et al. (1997)
reported that earthworms were unable to
survive in soil for 2 weeks after contamination
with 5% crude oil. Safwat et g2002) in their
study, using crude oil contaminated soil,
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reported that an oil content of 0.5% was not
harmful to the survival of earthworms for 7
days but an oil concentration of 1.5% reduced
survival to less than 40% also, bioremediated
soil containing 1.2% oil did not reduce
survival ofL. terrestrisfor 10 days.

In the bioremediation of petroleum
hydrocarbon contaminated soil using organic
amendment, the nature and concentration of
organic amendment are important as they
influence process parameters such as
carbon/nitrogen ratio, pH, microbial count,
etc. When earthworms are wused for
bioremediation, the organic amendment used
becomes even more important: in addition to
the above mentioned parameters, the organic
amendment becomes food for the worms.
When investigating  total petroleum
hydrocarbons (TPH) losses in with-earthworm
systems that either had or had not received
food, Schaefer et al. (2005) noted that residual
TPH in the with-food systems was greater.
Maike and Filser (2007) reported that despite
high mortality, earthworms may trigger
degradation process and might therefore, be
applied in the remediation of oil contaminated
soil with moderate total petroleum
hydrocarbon (TPH) concentrations (<4000
mg/kg). They also reported that the extent of
degradation was dependent on earthworm
specie type. Callaham et al. (2002) on the
other hand observed no difference in TPH
concentrations associated witk. fetida.
Earthworm activity has been reported to
influence soil microbial activity, structure,
pH, carbon/nitrogen ratio, etc. (Hickman and
Reid, 2008). It is thought that soils might
benefit from earthworm introduction in terms
of reduced contaminant concentrations as well
as improved soil ‘health’ (EU Soil Framework
Directive, 2006).

In some developing countries, used
engine oil is dumped carelessly into the
environment; in Nigeria, about 20 million
gallons of waste engine oil are generated
annually from mechanic workshops and
discharged carelessly into the environment
(Adegoroye, 1997). Bamiro and Osibanjo
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(2004) put used engine oil generation in
Nigeria at about 200 million liters per annum.

One liter of used engine oil is enough to

contaminate one million gallons of freshwater
(USEPA, 1996). For earthworms to be used in
the bioremediation of used engine oil

contaminated soil, the concentration of used
engine oil in soil which earthworm can

tolerate has to be determined. This has not
been reported.

The aim of this work was to investigate
the effect of used engine oil concentration
from motorcar (petrol engine), motorcycle
(petrol engine) and a truck (diesel engine) on
the survival of earthworms,Lumbricus
terrestris

MATERIALSAND METHODS
Collection of samples

Used engine oil uncontaminated soil
was collected from the farmland of Ahmadu

Bello University, Zaria, in clean plastic
containers.
Mature earthworms  lumbricus

terrestris ranging in weight from 0.3 to 0.5
gm each, were collected from the soil of
Ahmadu Bello University, Zaria, identified in
the Department of Biological Sciences and
used for study within 72 hours after
collection.

Poultry manure and cattle dung were
collected from the National Animal
Production and Research Institute (NAPRI),
Ahmadu Bello University, Zaria.

Physicochemical property determination
for soil and manure

Physicochemical properties determined
for soil included pH, water holding capacity,
textural class as well as carbon, nitrogen and
phosphorus content. The manures were also
analysed for carbon, nitrogen and phosphorus
content.

Soil pH deter mination

10 g of sieved{ 5 mm) and air-dried
soil was weighed into a 50 ml beaker and 25
ml of distilled water added. The content was
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stirred manually for 30 minutes with a glass
rod and left to stand for 1 hour. The electrode
of the pH meter (Kent EIL 7055) was then
inserted and the pH determined.

Determination of water holding capacity
(WHC)

Six (6) inches of soil was placed in
percolation tube and compacted by gentle
bouncing. Water was added until the water
level stood at about 2 inches above soil level.
The tube was covered and left to stand for 2
days. After this period, the top half-inch of
soil was discarded and wet soil was weighed
into a pre-weighed evaporating dish. The
sample was placed in oven at °Dfor 24 h.

It was then removed and weighed to obtain
bone dry weight of the sample. Percent water
holding capacity was calculated as (Srivastava

and Thakur, 2006):
wet weight-haone dry weight

Yawater holding capacity =
' : bone dry weight

Textural class, C, N and P content

Soil textural class, as well as soil and
manure carbon, nitrogen and phosphorus
contents were analyzed at the Institute of
Agricultural Research (IAR) Ahmadu Bello
University, Zaria. Soil textural class was
determined using the hydrometer method (Gee
and Bauder, 1986). The organic carbon,
phosphorus and nitrogen contents were
determined according to the method of AOAC
(2005).

Earthwor m survival assessment

The test substrates were prepared
according to the 1SO guidelines for earthworm
toxicity testing (1ISO 11268-1, 1993). The soil
sample collected was sieveg 6 mm) to
remove coarse stones and to homogenize. 1 kg
of soil was weighed into plastic test
containers. The soil was made up to 60%
water holding capacity using deionised water.
The soil samples were contaminated with
various concentrations of the motorcycle used
engine oil (UEO) (5, 10, 20, 30, 40, 100 and
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150 g per kg of soil). The mixture was
thoroughly mixed manually, (it is worth
noting that all samples were prepared in
duplicates). 5 g of poultry manure were then
added and mixed and 1 g littered on the
surface. Ten  earthworms Lumbricus
terrestrig each were introduced into the
containers and the weight of each test
container recorded. At intervals of time (after
every 3 days), the number of living
earthworms in each container was recorded.
The moisture content of 60% water holding
capacity was maintained throughout the test
period by weighing, to determine moisture
loss, and adding make up deionised water
when necessary. The samples were monitored
for a total of 30 days. This procedure was
repeated using cow dung in place of poultry
manure. The above procedure was repeated
for used engine oil collected from motorcar
and diesel engines.

The effect of organic amendment
(poultry manure) on the survival of the worms
was also investigated. Three samples of used
engine oil (from motorcycle) contaminated
soil were prepared and 10 earthworms were
introduced into each. The first sample (sample
A) contained 100 g UEO/kg of soil and 100 g
poultry manure/kg of soil, the second sample
(sample B) contained 100 g UEO/kg of soil
with no poultry manure and the third sample
(sample C) contained 0 g UEO/kg of soil and
100 g poultry manure/kg of soil. The samples
had their moisture contents adjusted to 60%
water holding capacity. All samples where
produced in duplicates and observed for 48
hours.

RESULTS
Analysis of soil

The physicochemical properties of the
soil and manure are presented in Table 1.

UEO from motorcycle and truck (diesel
engine vehicle)

Table 2 shows the survival of.
terrestrisover time for various concentrations
of UEO contaminated soil. The table shows
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that earthworm survival remained 100% concentration greater than 10 g/kg soil is
throughout the period of the study (30 days). lethal to the earthworms.

UEO from motor car The effect of poultry manure concentration
The survival ofL. terrestris in soil on worm survival in UEO contaminated

treated with used engine oil from motorcar is  soil

presented in Table 3. As shown, UEO The result of this investigation is

presented in Table 4.

Table 1: Physicochemical Property Determination of Soil dfahure.

Properties Soil Cow dung Poultry manure
Nitrogen content (%) 0.11 1.14 2.98

Carbon content (%) 1.26 56.65 45.58
Phosphorus content (%) 1.68 1.87 1.90

pH 6.7 - -
Textural class Silt Loam - -

WHC (g/kg bone dry soil) 0.41 - -

Table 2: Effect of UEO concentration from motorcycle/diesigine vehicles (truck) on the
survival of earthworms in soil spiked with poulmanure/cow dung.

% survival of 10 earthworms (Lumbricusterrestris)

g UEO/kg After 2days After 9 days After 16 After 23 After 30
soil days days days

5 100 100 100 100 100
10 100 100 100 100 100
20 100 100 100 100 100
30 100 100 100 100 100
40 100 100 100 100 100
50 100 100 100 100 100
100 100 100 100 100 100
150 100 100 100 100 100

Table 3: Effect of UEO concentration from motorcar on thevésal of earthworms in soil spiked
with poultry manure/cow dung.

% survival of 10 earthworms (Lumbricusterrestris)

g UEO/kg After 2days After 9days After 16 After 23 After 30 days
soil days days

5 100 100 100 100 100
10 100 100 100 100 100
20 50+10 0 0 0 0

30 0 0 0 0 0

40 0 0 0 0 0

50 0 0 0 0 0

100 0 0 0 0 0

150 0 0 0 0 0

926



A. O. AMEH et al. / Int. J. Biol. Chem. Sci. 5(823-929, 2011

Table 4: The effect of poultry manure concentration on shevival of earthworms in used engine

oil contaminated soil.

Sample UEO (g): manure (g):Soil (kg)  Earthworm survival after 48 hours, %
A 50:50:1 0
B 50:0:1 100
C 0:50:1 100
DISCUSSION UEO from motorcar

As shown in Table 1, the soil sample
was found to contain 0.105% Nitrogen,
1.260% Carbon and 1.680% Phosphorus. The
pH of the soil was found to be 6.7. The
textural class of the soil was determined to be
silt-loam. The property of the manure was
found to be consistent with values obtained
from literature (Marsh and Campling, 1970;
Amanullah, 2007).

UEO from motorcycle and truck (diesel
engine vehicle)

From Table 2, it can be seen that for all
the concentrations considered (up to 150 g
UEO/kg soil which is 15%), 100% of the
earthworm survived for 30 days. Cast
formation as a result of earthworm’s activities
was also observed at low UEO contamination
levels. The observed quantity of cast was
found to decrease with increase in UEO
concentration. At very high UEO
concentrationX 100 g/kg), no cast formation
was observed, earthworms were found to lie
on or around the soil and not enter it. This
result suggests that used engine oil
contaminated soil is not as toxic as crude oil
to earthworms in comparison with the
findings of Saterbak et al. (1999) and Safwat
et al. (2002) for which earthworm mortality
was 100% for concentratiors2.5%. For the
purposes of bioremediation therefore, a higher
concentration of petroleum hydrocarbon
contaminated soil (as high as 15%) may be
treated using earthworms whereas for crude
oil, only 0.4% petroleum hydrocarbon
contaminated soil may be treated with
earthworms as reported by Maike and Filser
(2007).
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After 2 days (as shown in Table 3), it
was observed that 100% ofumbricus
terrestris survived in 5 g UEO/Kkg soil and 10
g UEOI/Kg soil, 50% survived in 20 g UEO/kg
soil and all died in the other samples (with
higher UEO concentrations). It was further
observed on day nine (9) that the survival of
the earthworms in the 20 g UEO/kg soil had
dropped to 0%. For the 5 g UEO/kg soil and
10 g UEO/kg earthworm survival remained
100% up to 30 days. Cast formation was also
observed for the 30 day period of study. This
shows that concentrations above 10 g UEO/kg
(that is 1% UEQO) maybe lethal to earthworm,

Lumbricus terrestris Therefore, for the
purpose of bioremediation of soil
contaminated with used engine from

motorcar, UEO concentration of less than 1%
would be recommended when treatment with
lumbricus terrestrigs considered.

The death of the worms was probably
due to one or a combination of the following
factors: heavy metal content of the oil,
presence of toxic petroleum hydrocarbons or
the pH of the oil.

The effect of poultry manure concentration
The concentration of UEO and manure
in sample A is typical of those used in
bioremediation of oil contaminated soll
(Adenipekun, 2008). As shown in Table 4, the
quantity of organic amendment may also
contribute to the environment being
unfavourable for earthworm survival. All the
worms in sample B and C were found to be
alive after 48 hours whereas all the worms in
sample A (which had a similar concentration
of UEO with sample B and similar quantity of
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manure with sample C) died within 48 hours.

Since the quantity of manure is important for
bioremediation (in supplying nitrogen) as well

to earthworm (as feed), further work needs to
be done to determine and control the effect of
manure (quantity/type) on earthworm survival

in a bioremediation system.

The composition of used engine oil has
been reported to be a function of: the
composition of original crude oil, the refining
process used, the additives, the efficiency and
type of engine, the gasoline combustion
products, the length of time in use (United
States Department of Health and Human
Services, 1997). Therefore, when earthworms
are considered for use in the bioremediation of
UEO contaminated soil, it is important to
investigate the tolerance of earthworm for the
contamination level of that soil as well as for
the conditions for which bioremediation is to
take place.

Conclusions

From the results obtained,
following conclusions can be drawn:

1. Earthworm Lumbricus terrestris
was found to survive in UEO (sourced from a
motorcycle and a truck engines) of
concentrations up to the tune of 15% (wt/wt).

2. Concentrations of UEO from
motorcar engine greater than 10 000 mg/kg
soil were found to be lethal to earthworm.

3. Lumbricus  terrestris can be
introduced in the bioremediation of used
engine from motorcycles and truck engines of
concentration up to 150 g UEO/kg soil, and
from motorcar engines up to 10 g UEO/kg
soil.
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