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Abstract: Changes in the polyaromatic hydrocarbon contents of a waste engine oil (WEO) polluted soil
exposed to different periods of monitored natural attenuation was comparatively investigated. Soil was
previously polluted with WEO at 0, 1, 2.5, 5 and 10% w/w oil in soil and left undisturbed for varying periods
of 1, 5, 10 and 14 months following pollution (MAP). Results showed that total polyaromatic hydrocarbon
(PAH)  content  of  soil  in  the 1% w/w oil in soil treatment (SP ) decreased from 292.56mg/l in the first month1

(1 MAP) to 34.87mg/l at 14 MAP, representing a 88.08% reduction in PAH contents. At 5 MAP,
benzo[b]fluoranthene was undetected, as against initial concentration of 0.21mg/l at 1 MAP. Similarly, chrysene
and indeno[1,2,3-c,d]pyrene were undetected at 5 MAP. The concentration of fluoranthene was 11.54mg/l at
1 MAP and 0.07mg/l at 10 MAP. The compound was however undetected in the 14th month. Total remediation
of benzo[b]fluoranthene and chrysene was possible in the 5  month in the 5%w/w (SP ) treatment and chryseneth

5

in the 10%w/w oil in soil treatment (SP ). There was significant (p>0.05) reduction in indeno[1,2,3-c,d]pyrene10

from 2.44mg/l in the 1  month to 1.17mg/l at 14 MAP. Similarly, benzo[k]fluoranthene decreased from 307.44mg/lst

- 160.27mg/l in SP  over a period of 13 months, representing a 47.21% decrease in concentration. Probable effect10

concentration quotients (PECQ’s) showed that toxicity was indicated for acenaphthene, benzo[b]fluoranthene,
dibenzo[a,h]anthracene, fluorene, indeno[1,2,3-c,d]pyrene and naphthalene in all the levels of pollution
considered (i.e. SP  - SP ) at 5 MAP. However at 14 MAP, PECQ’s indicated that toxicity was not indicated1.0  10.0

for benzo[b]fluoranthene and benzo[g,h,i]perylene. Toxicity was indicated for every other PAH compounds at
all the levels of pollution considered.

Key words: Bioremediation  Hydrocarbon  Natural attenuation  Probable effect concentration  Toxicity
equivalent concentration  Waste engine oil

INTRODUCTION environment. Biological and natural methods of

Oil pollution is predominant feature in Nigeria, being choice. Natural attenuation is the conglomeration of all
a major oil-producing country and because of this, the the natural processes leading to the cleanup of
preponderance of oil pollution has a major environmental contaminants in the soil over time.
concern and this has led to a concerted efforts geared Biodegradation processes can be particularly
towards providing various possible methods of important for natural attenuation of petroleum
remediation. Several remediation technologies are suited hydrocarbons, because microorganisms can degrade most
for cleanup of oil in polluted ecosystems. The most widely environmentally significant petroleum hydrocarbons.
used of these technologies are the physical and chemical Microbial transformation of organic contaminants
methods, which are however not favourable because of normally occurs because the organisms can use the
the introduction of poisonous substances into the contaminants for  their  own  energy  needs,  growth  and

environmental remediation therefore become an imperative
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reproduction. Biological degradation of petroleum
hydrocarbon pollutants and petrochemicals by locally
isolated microbial strains has been extensively
investigated in Nigeria [1, 2, 3, 5, 6, 7, 8]. However, reports
on the degradation of PAH contents of used engine oil
upon exposure to natural attenuations have not been
widespread.

Apart from biodegradation, natural attenuation
employs other means of cleanup of contaminants;
sorption, dispersion, dilution, chemical reactions and
volatilization (evaporation).

The present study therefore comparatively
investigated the changes in the polyaromatic
hydrocarbon contents of a hydrocarbon polluted soil
exposed to different periods of monitored natural
attenuation. The primary objective of this monitored
natural attenuation is to demonstrate that natural
processes will reduce contaminant concentrations in the
soil to levels below regulatory standards before a point of
compliance is reached.

MATERIALS AND METHODS

Top soil (0-10cm), of known physicochemical
properties (Table 1), was collected randomly from an area
measuring 50 x 50m on a farmland situated Benin City,
Nigeria. Thereafter, 10kg sun-dried soil was each placed
into large perforated 25-litre bowls with 8 perforations
made with 2 mm diameter nails at the bottom of each bowl.
Waste engine oil (WEO) of known polyaromatic
hydrocarbon (PAH) content (Table 2) was obtained from
an auto-mechanic workshop in Benin City that specializes
in repairs of heavy duty trucks/vehicles. Oil was added to
soil in the bowls and mixed thoroughly to obtain 5
different concentrations on weight basis: 1.0, 2.5, 5.0 and
10.0% w/w oil in soil. The unpolluted soil (0% w/w) was
obtained as the control experiment. The entire setup was
left undisturbed for varying periods of 1, 5, 10 and 14
months following pollution (MAP), while soil PAH
contents were monitored at these periods.

RESULTS

Table 1 shows the polyaromatic hydrocarbon
contents of the waste engine oil used during this
experiment. Total PAH was 826.15 mg/l. Changes in
polyaromatic hydrocarbon (PAH) content of soil is as
presented in Fig. 1-6. Total PAH decreased from 40.21mg/l

Table 1: Physical and Chemical Properties of Soil before Waste Engine Oil
Contamination

Parameters Units Soil

pH - 5.58
Electrical Conductivity µs/cm 300
Total Org. Carbon  % 0.41
Total Nitrogen  % 0.10
Exchangeable Acidity meq/100 g soil 0.20
Na meq/100 g soil 10.90
K meq/100 g soil 1.65
Ca meq/100 g soil 15.60
Mg meq/100 g soil 11.30
Cl mg/l 1666.00
P mg/l 153.00
NH N mg/l 25.404

NO mg/l 15.012

NO mg/l 30.753

SO mg/l 14.634

Clay % 4.4
Silt % 7.8
Sand % 87.8
Fe mg/l 1009
Mn mg/l 17.00
Zn mg/l 30.00
Cu mg/l 3.90
Cr mg/l 2.18
Cd mg/l N.D
Pb mg/l 0.03
Ni mg/l 3.60
V mg/l 1.36

Total Hydrocarbon Content mg/l 754.00

ND: Not determined (<0.0001 mg/l)

Table 1: Polyaromatic hydrocarbon content of waste engine oil used in the
present study

Polyaromatic Hydrocarbons Concentrations (mg/l)

Acenaphthene 2.6202
Acenaphthylene 4.5330
Anthracene 19.6154
Benzo[a]anthracene 1.4686
Benzo[a]pyrene 13.5513
Benzo[b]fluoranthene 1.6875
Benzo(ghi)perylene 190.8163
Benzo[k]fluoranthene 369.9780
Chrysene 3.8984
Dibenzo[a,h]anthracene 4.2598
Fluoranthene 70.8033
Fluorene 3.6777
Indeno[1,2,3-c,d]pyrene 6.6644
Naphthalene 0.3005
Phenanthrene 44.0441
Pyrene 88.2102

Total 826.1490
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Fig. 1: Total polyaromatic hydrocarbon (TPAH) contents of a waste engine oil-polluted soil exposed to different periods
of natural attenuation within 14 months following pollution. MAP = Months after pollution, SP =control,0

SP =1%w/w, SP =2.5%w/w, SP =5%w/w and SP =10%w/w1 2.5 5 10

Fig. 2: Polyaromatic hydrocarbon (PAH) contents of the control soil (SP ) unpolluted with waste engine oil and exposed0

to different periods of natural attenuation within 14 months following pollution. MAP = Months after pollution

Fig. 3: Polyaromatic hydrocarbon (PAH) compounds in a 1 % w/w waste engine oil-polluted soil (SP ) exposed to1

different periods of natural attenuation within 14 months following pollution. MAP = Months after pollution
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Fig. 4: Polyaromatic hydrocarbon (PAH) compounds in a 2.5 % w/w waste engine oil-polluted soil (SP ) exposed to2.5

different periods of natural attenuation within 14 months following pollution. MAP = Months after pollution

Fig. 5: Polyaromatic hydrocarbon (PAH) compounds in a 5 % w/w waste engine oil-polluted soil (SP ) exposed to5

different periods of natural attenuation within 14 months following pollution. MAP = Months after pollution

Fig. 6: Polyaromatic hydrocarbon (PAH) compounds in a 10 % w/w waste engine oil-polluted soil (SP ) exposed to10

different periods of natural attenuation within 14 months following pollution. MAP = Months after pollution.
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in the first month following pollution (1 MAP) to 160.27mg/l in SP  over a period of 13 months,
25.45mg/l in the 14  month (14 MAP) (Fig. 1). The soil representing a 47.21+2.87% decrease in concentrationth

originally lacked benzo[b]fluoranthene, fluorene and (Table 2).
indeno[1,2,3-c,d]pyrene. In the 5  month following Over the 14-month period, the highest rate ofth

pollution, there was complete removal of acenaphthylene, remediation of Acenaphthene was in SP2.3 (100%),
benzo[a]anthracene, chrysene, Dibenzo[a,h]anthracene, compared to 92.92% in SP10 and 69.40% in the control
anthracene,   benzo[k]fluoranthene   and  fluoranthene treatment (Table 2). Total (100%) remediation of chrysene
(Fig. 2). fraction was obtained in all treatments, including the

Total PAH content of polluted in the 1% w/w oil in control. This was similar in fluorene. In Naphthalene, total
soil treatment (SP ) (Fig. 3) reduced from 292.56mg/l at 1 remediation was obtained in higher concentrations of oil1

MAP to 34.87mg/l at 14 MAP, representing a 88.08% in soil. Percentage remediation in Phenanthrene ranged
reduction in PAH contents. Acenaphthene was 1.23mg/l from 92.66 – 97.23%.
at 1 MAP, but reduced to o.47mg/l at 14 MAP. At 5 MAP, Table  3  shows  probable effect concentration (PEC)
benzo[b]fluoranthene was undetected, as against initial of polyaromatic hydrocabon compounds in naturally
concentration of 0.21mg/l at 1 MAP. Similarly, chrysene remediated  soil at  5  MAP.  PEC   of   PAH  compounds
and indeno[1,2,3-c,d]pyrene were undetected at 5 MAP. in  SP  were  given  as  0.304   (in   acenaphthene),  1.587
The concentration of fluoranthene was 11.54mg/l at 1 (in benzo[a]pyrene), 17.643 (in benzo[g,h,i]perylene), 0.146
MAP and 0.07mg/l at 10 MAP. The compound was (in  naphthalene),  0.782   (in   phenanthrene)   and  1.748
however undetected in the 14th month. Total PAH in the (in pyrene). Apart from benzo[g,h,i]perylene and pyrene,
2.5% w/w oil in soil treatment (SP ) was 284.78mg/l toxicity was implicated for these PAH compounds. By2.5

compared to 292.56mg/l in SP  (Fig. 1). Reduction however comparing their PEC’s against the PECQ’s in all levels of1

at the 14  month in SP  amounted to 107.61mg/l as pollution, toxicity was not indicated forth
2.5

against 34.87mg/l in SP . This represents a 66.21% b e n z o [ a ] a n t h r a c e n e , b e n z o [ a ] p y r e n e ,1

decrease. Benzo[b]fluoranthene and chrysene were benzo[b]fluoranthene, benzo[g,h,i]perylene,
undetected at the 10  month following pollution (Fig. 4), Benzo[k]fluoranthene and pyrene. Toxicity was indicatedth

while acenaphthene was undetected at 14 MAP. The for acenaphthene, benzo[b]fluoranthene,
concentration of benzo[g,h,i]perylene was 111.06mg/l at dibenzo[a,h]anthracene, fluorene, indeno[1,2,3-c,d]pyrene
1 MAP, but decreased to 40.23mg/l at 14 MAP. and naphthalene in all the levels of pollution considered

In  the  5%w/w  oil  in  soil   concentration  (Fig. 5), (i.e. SP  - SP ). Table 4 shows toxicity equivalent soil
total remediation of benzo[b]fluoranthene and chrysene concentrations  at  5  MAP.  Toxicity equivalents (TEQ’s)
was possible in the 5  month. Even though total PAH was in SP  were given as 0.2540 (in benzo[a]anthracene),th

26.58mg/l  in  the  14   month as against 432.80mg/l in the 2.4925 (in benzo[a]pyrene), 1.8280 (benzo[k]fluoranthene)th

1  month (Fig. 1), total remediation was not obtained for and 0.0389 (in dibenzo[a,h]anthracene). Total toxicityst

acenaphthene, acenaphthylene, benzo[b]fluoranthene, equivalent concentration in SP  was given as 2.6025. Total
anthracene, benzo[a]pyrene, benzo[k]fluoranthene, toxicity equivalent concentration was also 4.6134 in SP ,
phenanthrene and pyrene. These PAH fractions where 15.0981 in SP , 32.2836 in SP  and 45.5836 in SP
however significantly remediated compared to the respectively.
respective initial concentrations (Fig. 5). Although total Table 5 shows the probable effect concentration
remediation of benzo[b]fluoranthene and chrysene was (PEC) of polyaromatic hydrocarbon compounds in
possible in the 5  month in SP  treatment (Fig. 4), total naturally remediated soil at 14 MAP. PEC of PAHth

5

remediation of chrysene in the 10%w/w oil in soil compounds in SP were given as 0.096 (in acenaphthene),
treatment (SP ) was only possible in the 10  month 0.309 (in benzo[a]pyrene), 10.834 (in benzo[g,h,i]perylene),10

th

following pollution, but was not possible in 0.060 (in phenanthrene) and 0.595 (in pyrene). By
benzo[b]fluoranthene even in the 14  month. There was comparing their PECs against the PECQs in all levels ofth

significant reduction in indeno[1,2,3-c,d]pyrene from pollution, toxicity was not indicated for only
2.44mg/l in the 1  month to 1.17mg/l at 14 MAP. Similarly, benzo[b]fluoranthene and benzo[g,h,i]perylene. Toxicityst

benzo[k]fluoranthene decreased from 307.44mg/l - was  indicated  for  every  other PAH compounds at all the

10

0

1.0  10.0

1

0

1.0

2.5 5.0 10.0

0
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Table 2: Percentage reduction in individual polyaromatic hydrocarbon compounds in waste engine oil-polluted soil over a period of 14 months

SP SP SP SP SP0 1 2.5 5 10

--------------------------------------------------------------------------------------------------------------------------------------------------------
PAH (mg/l) Percentage reduction in PAH contents over 14 months (%)

Acenaphthene 69.40 (3.21) 61.55 (2.11) 100 77.07 (1.22) 92.92 (1.26)
Acenaphthylene 100 77.98 (2.14) 59.13 (2.11) 64.26 (2.18) 83.27 (1.28)
Benzo[a]anthracene 100 23.22 (3.22) 34.33 (2.23) 100 100
Benzo[b]fluoranthene N/A 100 100 23.23 (2.25) 81.67 (2.76)
Chrysene 100 100 100 100 100
Dibenzo[a,h]anthracene 100 100 22.33 (1.18) 100 64.21 (3.12)
Fluorene N/A 100 100 100 100
Indeno[1,2,3-c,d]pyrene N/A 100 100 100 52.12 (2.87)
Naphthalene 100 36.21 (4.23) 63.23 (2.95) 100 100
Anthracene 100 100 100 94.73 (2.11) 84.70 (1.52)
Benzo[a]pyrene 77.29 (2.98) 78.45 (3.21) 100 85.03 (2.18) 59.59 (2.65)
Benzo[g,h,i]perylene 21.68 (3.18) 85.45 (2.64) 62.12 (1.77) 100 33.98 (3.27)
Benzo[k]fluoranthene 100 100 35.35 (2.35) 87.34 (3.98) 47.21 (2.87)
Fluoranthene 100 100 100 100 100
Phenanthrene 92.66 (1.76) 94.39 (3.32) 94.14 (0.98) 95.21 (1.63) 97.23 (1.65)
Pyrene 59.22 (2.08) 93.64 (2.44) 100 98.07 (1.29) 98.98 (1.01)

Table 3: Probable effect concentration (PEC) of polyaromatic hydrocarbon compounds in waste engine oil-polluted soil at 5 months after pollution

PAH (mg/l) SP SP SP SP SP0 1 2.5 5 10

Acenaphthene 0.304 0.565 0.829 1.202 1.417
Acenaphthylene N/A 0.754 1.201 1.609 1.921*
Anthracene N/A 2.992* 3.938* 5.234* 6.294*
Benzo[a]anthracene N/A 1.716* 1.829* 2.002* 2.069*
Benzo[a]pyrene 1.587 1.684* 4.416* 7.263* 7.858*
Benzo[b]fluoranthene N/A N/A 0.547 N/A 1.239
Benzo[g,h,i]perylene 17.643* 60.215* 67.785* 51.010* 58.909*
Benzo[k]fluoranthene N/A 12.350* 44.945* 128.663* 172.179*
Chrysene N/A N/A 0.064 N/A 0.430
Dibenzo[a,h]anthracene N/A 0.263 0.432 0.692 0.753
Fluoranthene N/A 0.665 9.101* 15.052* 22.476*
Fluorene N/A 0.194 0.251 0.319 0.387
Indeno[1,2,3-c,d]pyrene N/A N/A 0.425 0.707 1.134
Naphthalene 0.146 0.192 0.563 0.222 0.175
Phenanthrene 0.782 0.323 5.119* 7.364* 16.629*
Pyrene 1.748* 4.293* 7.566* 13.256* 21.443*
mean PEC Quotient 1.64 1.48 1.57 1.53 1.71

*Toxicity is not indicated. Where mean PECQ > PEC, toxicity is indicated for the particular PAH compound (Ingersoll et al., 2002). SP =control,0

SP =1%w/w, SP =2.5%w/w, SP =5%w/w and SP =10%w/w.1 2.5 5 10

Table 4: Toxicity equivalent concentrations of polyaromatic hydrocarbon compounds in waste engine oil-polluted soil at 5 months after pollution

PAH (mg/l) SP SP SP SP SP0 1 2.5 5 10

Benzo (a)anthracene [0.1] 0 0.2540 0.2865 0.3063 0.3539
Benzo[a]pyrene [1.0] 2.6025 2.4925 6.9330 11.1135 13.4380
Benzo[b]fluoranthene [0.1] 0 0 0.0860 0 0.2119
Benzo[k]fluoranthene [0.1] 0 1.8280 7.0565 19.6763 29.4427
Chrysene [0.01] 0 0 0.0010 0 0.0007
Dibenzo[a,h]anthracene [0.1] 0 0.0389 0.0679 0.1059 0.1288
Indeno[1,2,3-c,d]pyrene [0.1] 0 0 0.6672 1.0816 2.0076
TTEC 2.6025 4.6134 15.0981 32.2836 45.5836

TEF values of c-PAH’s are given in bracket. SP =control, SP =1%w/w, SP =2.5%w/w, SP =5%w/w and SP =10%w/w.0 1 2.5 5 10
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Table 5: Probable effect concentration (PEC) of polyaromatic hydrocarbon compounds in waste engine oil-polluted soil at 14 months after pollution
PAH (mg/l) SP SP SP SP SP0 1 2.5 5 10

Acenaphthene 0.096 0.172 - 0.202 0.077
Acenaphthylene - 0.151 0.321 0.414 0.247
Anthracene - - - 0.027 0.932
Benzo[a]anthracene - 0.791 0.973 - -
Benzo[a]pyrene 0.309 0.304 - 0.626 1.758
Benzo[b]fluoranthene - - - 0.302 0.216
Benzo[g,h,i]perylene 10.834* 108.071* 52.132* - 32.993*
Benzo[k]fluoranthene - - - 23.201* 88.650*
Chrysene - - - - -
Dibenzo[a,h]anthracene - - 0.247 - 0.439
Fluoranthene - - - - -
Fluorene - - - - -
Indeno[1,2,3-c,d]pyrene - - - - 0.455
Naphthalene - 0.095 0.061 - -
Phenanthrene 0.060 0.145 0.242 0.318 0.221
Pyrene 0.595 0.171 - 0.191 0.179
Mean PECQ 2.14 2.76 2.69 2.39 2.57
*Toxicity is not indicated. Where mean PECQ > PEC, toxicity is indicated for the particular PAH compound (Ingersoll et al., 2002). SP =control,0

SP =1%w/w, SP =2.5%w/w, SP =5%w/w and SP =10%w/w1 2.5 5 10

Table 6: Toxicity equivalent concentrations of polyaromatic hydrocarbon compounds in waste engine oil-polluted soil at 14 months after pollution
PAH (mg/l) SP SP SP Sp SP0 1 2.5 5 10

Benzo (a)anthracene [0.1] - 0.2184 0.2618 - -
Benzo[a]pyrene [1.0] 0.6605 0.8384 - 1.4952 4.5170
Benzo[b]fluoranthene [0.1] - - - 0.0722 0.0556
Benzo[k]fluoranthene [0.1] - - 6.2412 21.1873 36.0271
Chrysene [0.01] - - - - -
Dibenzo[a,h]anthracene [0.1] - - 0.0665 - 0.1128
Indeno[1,2,3-c,d]pyrene [0.1] - - - - 0.1171
TTEC 0.6605 1.0568 6.5695 22.7547 40.8296
TEF values of c-PAH’s are given in bracket. SP =control, SP =1%w/w, SP =2.5%w/w, SP =5%w/w and SP =10%w/w0 1 2.5 5 10

levels of pollution considered. Table 6 shows toxicity ground water [9]. The present study therefore reported
equivalent soil concentrations at 14 MAP. Toxicity significant decreases in PAH compounds of the polluted
equivalents (TEQ’s) in SP  were given as 0.2184 mg/l in soil with various periods of exposures of polluted soil to1

benzo[a]anthracene and 0.8384 mg/l in benzo[a]pyrene. natural attenuation. Probable effect concentration (PEC)
These values were higher than benchmark TEF values of of polyaromatic hydrocabon compounds showed that in
the c-PAH of 0.1 mg/l. TEQ’s of c-PAH in SP  was 0.2618 the 5  month of attenuation, toxicity of the PAH2.5

in benzo (a)anthracene, 6.2412 in benzo[k]fluoranthene compounds was indicated for acenaphthene,
and 0.0665 in dibenzo[a,h]anthracene. Total toxicity benzo[b]fluoranthene, dibenzo[a,h]anthracene, fluorene,
equivalent concentration (TTEC) in SP  was given as indeno[1,2,3-c,d]pyrene and naphthalene in all the levels0

0.6605 mg/l and 1.0568 mg/l in SP , 6.5695 mg/l in SP , of pollution considered (i.e. SP  - SP ). however, at 141.0 2.5

22.7547 mg/l in SP  and 40.8296 mg/l in SP months, toxicity was not indicated for only5.0 10.0

respectively. benzo[b]fluoranthene and benzo[g,h,i]perylene. Such

DISCUSSION following attenuation indicates that significant in the soil.

The processes involved in natural attenuation was 4.6134 in SP , 15.0981 in SP , 32.2836 in SP  and
include a number of physical, chemical, or biological 45.5836 in SP  respectively. These values exceeded the
processes that, under favorable conditions, act without Method B cleanup level for benzo[a]pyrene (0.137
human intervention to reduce the mass, toxicity, mobility, mg/kg),which are those soil cleanup levels that are to be
volume, or concentration of contaminants in soil or based  on  unrestricted  land  use  [10].  The implication is

th

1.0  10.0

decrease in toxicity levels of PAH compounds in the soil

At 5 MAP, total toxicity equivalent concentration
1.0 2.5 5.0

10.0
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that the cleanup level for benzo[a]pyrene was not met for transformation, or destruction of contaminants [9]. All
these particular soil samples. However, at 14 MAP, these processes acted together to successfully remediate
toxicity equivalents (TEQ’s) in SP  were given as 0.2184 PAH compounds of the WEO –polluted soil to safer and1

mg/l in benzo[a]anthracene and 0.8384 mg/l in lower levels.
benzo[a]pyrene. These values were higher than
benchmark TEF values of the c-PAH of 0.1 mg/l. TEQ’s of REFERENCES
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