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Abstract
Background and Objective: Environmental pollution resulting from indiscriminate disposal of spent engine oil is an issue of global
concern. This study was carried out in 2021 at the Biology Laboratory of the Federal University of Technology Owerri to investigate the
effects of spent oil pollution on seed germination and early seedling  establishment  of  Vigna  unguiculata  TGm-50,  Glycine  max  and
Zea mays  TZm-30181. Materials and Methods: The seeds of each accession were placed in Petri dish lined with moist tissue paper at
0, 4, 8, 12 and 16% (v/v). The experiment was laid out in Complete Randomized Design (CRD) with three replicates. The effects of spent
engine oil on the assayed parameters such as germination percentage, rate of germination, seedling root and shoot elongation, seedling
dry and fresh weights of the seeds was determined. Results: The effects of spent engine oil on the assayed parameters such as
germination percentage, rate of germination, seedling root and shoot elongation, seedling dry and fresh weights of the seeds were
concentration and accession dependent. Seeds and seedlings of Vigna unguiculata  TGm-50, Glycine max  and Zea mays  TZm-30181
grown at various treatment levels differed significantly (p<0.05) from the control.  Tolerance  levels  among  the  accessions  were  in  the 
order: Vigna unguiculata>Glycine max>Zea mays. Conclusion: The used engine oil inhibited the germination and early seedlings growth
of these crops in a dose dependent manner and those inhibitory effects of spent oil do not imply inhibition of subsequent growth. This
study underscores the need to legislate against agricultural soil pollution with used engine oil.
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INTRODUCTION

In most developing countries, mechanic workshops are
sited in areas known as mechanic villages. These areas are
officially designated for repairs and servicing of motor
vehicles1-3. They are also used for other purposes such as
recreational, residential and agricultural purposes4. Some of
the wastes usually generated by automobile mechanics in
these villages include but not limited to gasoline (petrol),
diesel, spent engine oil and paints among others5.
Unfortunately, these waste products are disposed
indiscriminately by the artisans who know little about the
resultant environmental harm6-8.

Spent engine oil is known to contain a number of several
different mixtures of chemical contaminants from engine
wears such as heavy metals (lead, zinc, chromium, barium and
arsenic) etc, polychlorinated biphenyls, lubricative additives,
chlorodibenzofurans, decomposition products, aliphatic
hydrocarbons etc.9-12. These contaminants get to the
environment  as  a  result  of  deliberate  and  accidental
discharge/spill by motor and generator mechanics13-14.

Previous authors have reported deleterious effects of
spent engine oil soil contamination on the ecosystem. Studies
by researchers15-17 observed a significant decrease in soil
properties subjected to various concentrations of spent
engine oil. According to researchers18-20, a significant decrease
in height, number of leaves, leaf area and number of flowers,
fruits and dry weight of Solanum gilo with increase in foliar
spray of petroleum hydrocarbon. A study by Nwite and Alu21,
on   the   effects   of   spent   engine   oil   on   soil   properties 
in  an  auto  mechanic  village  revealed  that  the  soil  Pb
values were predominantly acidic. Their study suggested a
well-coordinated waste oil collection programme by the
Government and concerned private sectors to minimize
indiscriminate disposal of spent engine oil.

Barua et al.22 reviewed an article on pollution in Nigerian
auto mechanic villages and the findings revealed that
environmental contamination is one of the major problems
that plague the Nigerian auto mechanic villages. Their findings
showed that 95% of the studied auto mechanic villages are
located in the cities or nearby urban settlement.

According to Orji et al.23 and Donkor et al.24 engine oil
affects the moisture content in Corchorus olitorius  Linn.
Nishitha et al.25 and Echiegu et al.26 reported a significant
decrease in biochemical parameters including fiber and
carbohydrate content in cowpea (Vigna unguiculata) growing
in soil contaminated with spent engine oil. In  Zea  mays,  leaf

formation was disrupted, stunted growth and high mortality
rate  was  observed when it was exposed to soils
contaminated with used oil27. This resulted to low yield and
poor quality of grains observed during harvest for Zea mays
and Arachis hypogea28. This study was therefore carried out to
investigate  the  effects  of  different  levels  of  spent  engine
oil  on  germination  and early seedling establishment using
Vigna  unguiculata  TGm-50, Glycine  max  and Zea mays as
the test crops.

MATERIALS AND METHODS

Study area: Investigations were carried out from March to
June, 2021 in the screen house of the Department Biology,
Federal University of Technology, Owerri located at latitude
5E23'11.76"N and longitude 6E59'29.76"E.

Collection and preparation of seeds: Seeds used in this study
were collected from the gene bank of International Institute of
Tropical Agriculture, Ibadan. The accessions are: TVu-13606
(Vigna unguiculata TGm-504 (Glycine max) and TZm-30181
(Zea mays). Seed viability test was carried by water floatation
method following the method of Echiegu et al.26. The
concentration was prepared by mixing appropriate volumes
of distilled water to spent engine oil to obtain 0, 4, 8, 12 and
16% (v/v). Each concentration served as a treatment. Ten
viable seeds of each accession were placed in 26 mm Petri
dishes lined with cotton wool and moistened with the
measured concentration of spent engine oil following the
method of Anoliefo and Vwioko27. The seeds in each Petri dish
were moistened with each level of contaminant and
monitored for germination seedling growth for 14 days. The
number of germinated seeds were recorded every morning at
9 am.

Experimental design: The experiment was laid out in
completely randomized design with three replicates each.
Seeds were considered as germinated when the root reached
2 mm long. Seeds that germinated from treatment were
added cumulatively to obtain percentage germination. The
reaction of the test plants to exposed contaminant at various
concentrations was assessed in reference to control using
phytotoxicity test parameters: Seed germination percentage
and rate of germination, seedling root and shoot lengths after
germination and recorded as follows:

Number of seeds germinatedPercentage germination = 100
Number of seeds sown


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Rate of germination: The germination rate was determined
as the coefficient of velocity of germination, as:

CV 1CVG = =
100 t

where, t is mean germination time and CV is coefficient of
velocity. In time, since the mean rate increases and decreases
with 1/t not with t.

Seedling root and shoot elongation was measured with
the aid a graduated meter rule (cm).

Seedling dry and fresh weights were determined using
the method of Odjegba and Sadiq28.

Statistical analysis: Data collected were subjected to Analysis
of Variance (ANOVA) to analyze parameters assessed. The
significant treatment means were separated using Duncan’s
Multiple Range Test (DMRT) at "<0.05 level.

RESULTS

Effects  of  spent  engine  oil  on  germination:  Percentage
seed  germination  of  test  plants   (Zea   mays,   G.   max   and
V. unguiculata) exposed to different concentrations of spent
engine oil were presented in Fig. 1. Generally, more seeds
germinated from 0% concentration than in the other
treatments. It was observed that the percentage germination
fluctuated among the accessions as follows: Zea mays  (78%),
G. max  (71.6%) and V. unguiculata  (89.4%), respectively. In
4%  concentration,  seeds  of  V.  unguiculata,  Zea  mays  and
G.  max more seeds emerged within 5 days of exposure in
comparison with other treatments. More than 50% of the
seeds of V. unguiculata  emerged at 4% treatment level.
Drastic reduction in germination percentage was observed at
8, 12 and 16% treatment when compared with seeds grown
in control. There was a significant difference (p<0.05) in
germination percentage among the test plants in the different
treatments. The percentage germination of G. max at 8%
treatment level was significantly lower relative to the control
at 99.9% level of significance while the percentage
germination of the seeds of Zea mays  and V. unguiculata
were significantly lower at a 99% significance level. At the 12%
treatment level, seeds of G. max  performed better with values
of 39.5% compared with V. unguiculata  (31.7%) and Zea mays
(23.6%), respectively. The percentage germination of the
seeds of Zea mays was significantly lower in 16% of
treatments followed by G. max and V. unguiculata  in that
order. Vigna unguiculata  showed strong tolerance to spent

engine oil contamination with about 18.7% germination
percentage   at   the   highest   concentration   (16%)   followed
by G. max  (17.8%) and Zea mays  (15.2%).

Inhibitory effects of spent engine oil on V. unguiculata, Zea
mays and G. max: The germination inhibition of maize at 0%
was quite minimal with a value of 2.09% was shown in Fig. 2.
However, when the concentration reached 8%, germination
inhibition progressed to 57.7%. The 4% concentration did not
inhibit the seed germination rate but slightly stimulated the
germination rate as shown in Fig. 2. However, a rapid increase
in inhibition was found between 12 and 16% concentration.
The inhibition rate at 12% concentration was 88.5% which
exceeded 50% indicating a significant effect on maize seedling
establishment. The inhibition rate reached 89.8% at 16%
concentration. No germination was observed inhibition was
observed in 0% concentration in V. unguiculata. However, the
rate of inhibition increased with elevated levels of spent
engine oil concentration. The average inhibition rate was
48.9% at 8% concentration, not exceeding 50%, implying a
strong tolerance of V. unguiculata to spent engine oil
contamination. Generally, all concentrations had inhibitory
effect on the germination rate with increasing concentration.
A statistically significant inhibition rate was observed at 16%
concentration, with a value of about 88.7% exceeding 50% at
this level. Zero percent concentration resulted in no
observable inhibition of germination in Glycine max. However,
germination inhibition was observed with an increase in
concentration. The rate of inhibition at 4% concentration was
37.9% suggesting mild tolerance of Glycine max to spent
engine oil contamination. The highest inhibition rate was
recorded in 16% concentration with a value of 87.9% which
exceeded 50% at this level.

Effects of spent engine oil on early seedling establishment:
The effect of spent engine oil treatments on early seedling
establishment was presented in Table 1. The application of
spent engine oil had a dose-dependent inhibitory effects on
all the parameters assessed. Generally, the speed (rate) of
germination from 0% was more vigorous than other
treatments. The germination speed (rate) of Zea mays  was
generally more affected by all treatments than other species
used in the bioassay. There was a significant difference
(p<0.05) in the rate of germination in all the seedlings. There
was a monotonic dose-dependent relationship in shoot length
among the plants. However, 0% treatment level recorded the
highest shoot length with mean values of 11.6±1.16 while the
lowest  mean  value  of  5.7±1.01  was  observed  at  the  16%

18



Asian J. Appl. Sci., 16 (1): 16-22, 2023

Fig. 1: Percentage  seed  germination  Zea  mays,  G.  max  and  V.  unguiculata  exposed  to  spent  engine  oil  polluted  and
unpolluted soils

Fig. 2: Average inhibitory effects of plant species exposed to different concentrations of spent engine oil

Table 1: Germination rate, shoot and root length, seedling dry and fresh weights of test plants exposed to different concentrations of spent engine oil
Conc.(%) Varieties Germination rate Shoot length (cm) Root length (%) Seedling fresh weight (kg) Seedling dry rate weight (kg)
0 Zea mays 15±1.8a 11.6±1.16a 9.4±1.14a 7.7±1.09a 6.3±1.06a

4 14±1.24a 11.0±1.15a 8.1±1.11a 6.9±1.03a 5.8±0.84a

8 9±1.13b 8.5±1.13b 7.6±1.10ab 5.3±0.82b 5.6±0.71a

12 4±0.67c 7.4±1.07b 6.3±1.06b 4.9±0.72b 4.3±0.70b

16 3±0.41c 5.7±1.01c 3.5±0.43c 3.3±0.60c 2.9±0.44c

4 G. max 14±1.24a 13.5±1.12a 7.8±1.11ab 6.6±1.08b 5.1±0.69a

8 13±1.19a 11.8±1.17a 6.2±1.05b 5.8±1.02b 4.3±0.70b

12 10±1.14b 9.0±1.15b 5.4±0.84 5.1±0.79b 4.0±0.67b

16 5±0.73c 4.2±0.69c 4.1±0.68c 3.2±0.40c 23.0±0.02c

4 V. unguiculata 14±1.24a 12.7±0.03d 9.1±1.13a 6.6±1.9b 5.1±0.81a

8 12±1.17b 11.5±1.17a 8.3±1.11a 5.6±1.00b 4.3±0.70b

12 8±1.11b 9.3±1.16b 7.7±1.10ab 5.4±0.84b 4.0±0.67b

16 3±0.63c 4.1±0.68c 5.2±0.81b 3.2±0.59c 2.9±0.44c

Values are Mean+SD of triplicate samples, Mean along the column having different superscript of letters differ significantly at p<0.05 level according to Duncan’s
Multiple Range Test (DMRT)

19

100

90

80

70

60

50

40

30

20

10

0

0 4 8 12 16

Spent engine oil levels (%)

M
ea

n
 g

er
m

in
at

io
n
 (

%
)

Zea mays
G. max
V. unguiculata

120

100

80

60

40

20

0

0 4 8 12 16

Spent engine oil levels (%)

A
v
er

ag
e 

in
h
ib

it
o
ry

 e
ff

ec
t 

(%
)

Zea mays
G. max
V. unguiculata



Asian J. Appl. Sci., 16 (1): 16-22, 2023

treatment level for Zea mays. There was no significant
difference (p>0.05) in shoot lengths between 0 and 4%
treatments in for Zea mays and G. max. The overall mean
shoot lengths in Zea mays, G. max and V. unguiculata were
significantly different from each at p<0.05, respectively. The
shoot lengths of the different plant species were significantly
shorter in 4% treatment level than the control (p<0.05).
Generally, there was a marked decrease in shoot length with
a corresponding increase in treatments.

The  mean  root  lengths  of  the  different  plant  species
were  generally  higher  at  0%  than  other  treatment  levels.
No significant difference (p>0.05) exists between the mean
root lengths of Zea mays and G. max  at 0 and 4% treatment
levels. However, the root length of seedlings treated with 8%
spent  engine  oil  was  longer  than  the  roots  of  the
seedlings  of  12  and  16%  contaminant  levels,  respectively.
The root lengths of V. unguiculata  were significantly higher at
a 16% treatment level than Z. mays  and G. max  treated at a
similar level. The seedling root lengths at 4, 8, 12 and 16%
treatments were significantly shorter than the control
treatment (p<0.05).

Seedling mean fresh and dry weights were affected by
spent engine oil exposure in a concentration-dependent
manner. The control recorded the highest mean seedling fresh
and dry weights in all the test plants. No significant difference
(p>0.05) was observed between 0 and 4% treatment among
the test plants with respect to seedling fresh and dry weights.
At 8 and 12% treatment levels, there was no significant
difference (p<0.05) in mean seedling fresh weights in all the
test plants. However, at 16% treatment level, a marked
significant difference (p>0.05) was observed. Seedling dry
weights followed a similar trend as the fresh weights. There
was no significant difference (p<0.05) between mean seedling
dry weights in Zea mays and V. unguiculata. Also, there is no
significant difference (p<0.05) between seedlings dry weights
for G. max  at 8 and 12% treatment levels.

DISCUSSION

The results obtained from this study showed that used
engine oil inhibited the germination and early seedling
establishment of the test crops in a dose-dependent manner
and those inhibitory effects of spent oil do not imply inhibition
of subsequent growth. Previous authors have recorded
phytotoxic effect on germination and early seedling
establishment      of      crops      grown      in      spent      engine
oil-contaminated soil29,30. The cessation of seed germination
by spent engine oil observed in this study is in line with

previous research reports by researchers31-33, who opined that
growth parameters in Amaranthus hybridus  decreased as the
concentration of crude oil contamination increased.

The toxic effect of spent engine oil used in this study was
does-dependent. This finding is in agreement with the
findings of Ikhajiagbe et al.34 in which the inhibitory effect of
spent  engine  oil  on  germination  and  seedling  growth  of
M. oleifera   was found to be dose dependent. Also, they are in
congruent with the data presented for Glycine max, Vigna
unguiculata  and Zea mays 35. It is possible that the embryo of
the seeds could have been injured or killed if it comes in
contact with the oil36,37.

According to Kayode et al.38, spent engine oil has the
ability to prevent the uptake of nutrients, water and oxygen
required for seed germination. This could be as a result of
volatile  fractions  of  oil  which  have  the  high  wetting
capacity and penetrating power, it enters the seed coat and
kills the embryo. The presence of spent oil in the soil-plant
micro-environment affects normal soil chemistry wherein
nutrient  release  and  uptake  as  well  as  the  amount  of
water get reduced39,40. The result also showed tolerance of
plant species in this order: V. unguiculata>G. max>Zea mays.
Researchers had opined oil’s effect on plants is species and
variety dependent41-43. Training and awareness should be
created to inform auto mechanics about the toxic nature of
spent engine oil and possible environmental hazards. Given
the level of sensitivities observed among the accessions used,
Zea mays, G. max  and V. unguiculata  are recommended for
biomonitoring of the ecosystem health. More studies should
be carried out to ascertain the effect of spent engine oil
pollution on the oxidative stress of the plants used in this
study.

CONCLUSION

The effect of spent oil pollution on the Germination and
Early Seedling Establishment of Arable Crops in the Tropics
was  investigated  in  this  study.  From  the  results  obtained,
it  is  evident  that  spent  engine  oil  had  significant  effects
on the test crops in a dose-dependent manner. It is thereby
recommended that to reduce the loss of crops due to oil
pollution in the tropics, plants should not be exposed to spent
engine oil pollution when they are at the early stages of
establishment. Also there should be stricter laws on
indiscriminate disposal of spent oil in the environment,
especially on farmlands as this could reduce the yield of crops
affected by indiscriminate disposal of petroleum products
pollution to the environment.

20



Asian J. Appl. Sci., 16 (1): 16-22, 2023

SIGNIFICANCE STATEMENT

This study was carried out to ascertain the phytotoxic
effects of indiscriminate disposal of spent oil pollution on
germination and early seedling establishment of arable crops
in the tropics. Findings in this study showed that showed
spent oil inhibited the germination and early seedling growth
of these crops in a dose-dependent manner. The study further
revealed that spent oil polluted-soils are unsuitable for
germination and early seedling establishment of plants, hence
there is a need to enlighten the artisans on the hazards of
indiscriminate disposal of this pollutant into environmental
media, especially soil. This will go a long way in ensuring
human and environmental health, improved crop propagation
and safety and food security in the tropics.

REFERENCES

1. Udebuani, A.C., C.I. Okoli, H. Nwigwe and P.T.E. Ozoh, 2011.
Effects of spent engine oil pollution on arable soil of Nekede
Mechanic   Village   Owerri,   Nigeria.   Int.   J.   Nat.   Appl.   Sci.,
7: 257-260.

2. Ahmad, I., M. Rehan, M.A. Balkhyour and I.M. Ismail, 2017.
Assessment of occupational health and safety in motor
vehicle repair workshops in Jeddah. Biosci. Biotechnol. Res.
Asia, 14: 901-913.

3. Odjegba, V.J. and J.O. Atebe, 2007. The effect of used engine
oil on carbohydrate, mineral content and nitrate reductase
activity    of    leafy    vegetable    (Amaranthus    hybridus    L.).
J. Appl. Sci. Environ. Manage., 11: 191-196.

4. Azorji, J.N., R.I. Okechukwu, A.C. Udebuani and C.M. Duru,
2021. Taxonomic identification of spent engine oil tolerant
plant species at selected auto mechanic workshops in Imo
State Nigeria. Asian J. Adv. Res., 8: 30-35.

5. Azorji, J.N., R.I. Okechukwu, A.C. Udebuani and C.M. Duru,
2021. Evaluation of physicochemical properties and heavy
metal levels in soils from selected auto mechanic workshops
in Imo State, Nigeria. Asian J. Adv. Res., 8: 19-29.

6. Bagherzadeh-Namazi,       A.,       S.A.       Shojaosadati       and
S. Hashemi-Najafabadi, 2008. Biodegradation of used engine
oil  using  mixed  and  isolated  cultures.  Int.  J.  Environ.  Res.,
2: 431-440.

7. Ozomata, E.A., E.F. Osagiede and T.J. Onyebujoh, 2022.
Occupational health hazards and use of personal protective
equipment among automobile mechanics in Surulere local
government area of Lagos State, Nigeria - a descriptive study.
Int. J. Occup. Saf. Health, 12: 35-44.

8. Agbogidi, O.M., P.G. Eruotor and S.O. Akparobi, 2007. Effects
of time of application of crude oil to soil on the growth of
maize (Zea mays L.). Res. J. Environ. Toxicol., 1: 116-123.

9. Igwe, C.E., E.C. Nzegbule, J.N. Azorji and T.A. Okafor, 2016.
Assessment of heavy metal levels in the soils of Ohyia kaolin
mining site and screening of three local herbaceous species
for use in phytoremediation. Int. J. Sci. Technol., 4: 88-92.

10. Baran, A. and M. Tarnawski, 2013. Phytotoxkit/Phytotestkit
and Microtox® as tools for toxicity assessment of sediments.
Ecotoxicol. Environ. Saf., 98: 19-27.

11. Njoku, C., C.N. Mbah, O. Elom and J.O. Agwu, 2021. Effect of
mechanic village activities on selected soil properties in
Abakaliki   Southeastern   Nigeria.   J.   Agric.   Ecol.   Res.   Int.,
22: 10-16.

12. Blodgett, Jr. W.C., 1997. Water-soluble mutagen production
during the bioremediation of oil-contaminated soil. Florida
Sci., 60: 28-36.

13. Ojo, O.I.B. and M.K.C. Sridhar, 2020. Phytoremediation
potential of Nauclea diderrichii (De Wild and Th. Dur.)
seedlings grown in spent engine oil contaminated soil.
Bangladesh J. Sci. Ind. Res., 55: 261-272.

14. Brady, N.C. and R.R. Weil, 1999. The Nature and Properties of
Soils. 12th Edn., Prentice Hall, New Jersey, USA, ISBN:
9780138524449, Pages: 881.

15. Faluyi, M.A., 1986. Investigations on seedling vigour in
cashew     (Anacardium     occidentale     L.).     Plant     Breed.,
97: 237-245.

16. Chukwu, V.N., G.O. Anoliefo and B. Ikhajiagbe, 2017.
Assessment of plant species distribution within scrap metal
dump sites in Benin City, Nigeria. Niger. Res. J. Eng. Environ.
Sci., 2: 305-314.

17. Orji-Oraemesi,   C.   and   K.L.   Njoku,   2022.   Study   of   the
time-efficacy and rate of phytoremediation of crude oil
polluted soil by Vigna unguiculata (L) Walp. Int. J. Environ.
Qual., 48: 41-57.

18. Chukwu, L.O. and C.C. Odunzeh, 2006. Relative toxicity of
spent   lubricant   oil   and   detergent   against   benthic
macro-invertebrates  of  a  West  African  estuarine   lagoon.
J. Environ. Biol., 27: 479-484.

19. Chukwuocha, N.A.C., S.A. Ngah and A.C. Chukwuocha, 2017.
Vulnerability studies of sensitive watershed areas of Owerri
South East Nigeria using digital elevation models. J. Geosci.
Environ. Prot., 5: 1-10.

20. Czerniawska-Kusza, I. and G. Kusza, 2011. The potential of the
phytotoxkit microbiotest for hazard evaluation of sediments
in eutrophic freshwater ecosystems. Environ. Monit. Assess.,
179: 113-121.

21. Nwite, J.N. and M.O. Alu, 2015. Effect of different levels of
spent  engine  oil  on  soil  porperties,  grain  yield  of  maize
and its heavy metal uptake in Abakaliki, Southeastern Nigeria.
J. Soil Sci. Environ. Manage., 5: 44-51.

22. Barua, D., J. Buragohain and S.K. Sarma, 2011. Impact of
Assam petroleum crude oil on the germination of four crude
oil resistant species. Asian J. Plant Sci. Res., 1: 68-76.

21



Asian J. Appl. Sci., 16 (1): 16-22, 2023

23. Orji, C.N., F.W. Abdulrahman and N.R. Isu, 2018. Pollution
status of heavy metals in spent oil-contaminated soil in
Gwagwalada.  Asian  J.  Appl.  Chem.  Res.,  Vol.  1.
10.9734/ajacr/2018/v1i29623.

24. Donkor, A.K., J.C.J. Bonzongo, V.K. Nartey and D.K. Adotey,
2005. Heavy metals in sediments of the gold mining
impacted Pra River Basin, Ghana, West Africa. Soil Sediment
Contam.: Int. J., 14: 479-503.

25. Nishitha,     D.,     V.N.     Amrish,    K.    Arun,    A.K.    Warrier,
H.N.  Udayashankar  and  K.  Balakrishna,  2022.  Study  of
trace  metal  contamination  and  ecological  risk  assessment
in   the   sediments   of   a   tropical   river   estuary,
Southwestern India. Environ. Monit. Assess., Vol. 194.
10.1007/s10661-021-09728-1.

26. Echiegu, E.A., A.S. Amadi, B.O. Ugwuishiwu and O.A. Nwoke,
2022. Effect of spent engine oil contamination on the soil
properties in selected automobile mechanic villages in
Enugu,   Enugu   State,   Nigeria.   Environ.   Qual.   Manage.,
31: 209-218.

27. Anoliefo, G.O. and D.E. Vwioko, 1995. Effects of spent
lubricating oil on the growth of Capsicum annum L. and
Lycopersicon esculentum  Miller. Environ. Pollut., 88: 361-364.

28. Odjegba, V.J. and A.O. Sadiq, 2002. Effects of spent engine oil
on the growth parameters, chlorophyll and protein levels of
Amaranthus hybridus  L. Environmentalist, 22: 23-28.

29. Ebong, G.A., M.M. Akpan and V.N. Mkpenie, 2008. Heavy
metal contents of municipal and rural dumpsite soils and rate
of accumulation by Carica papaya  and  Talinum triangulare
in Uyo, Nigeria. J. Chem., 5: 281-290.

30. Efe, S.I. and E.A. Okpali, 2012. Management of petroleum
impacted soil with phytoremediation and soil amendments
in Ekpan Delta State, Nigeria. J. Environ. Protect., 3: 386-393.

31. Igwe, C.E., J.N. Azorji and M.O. Nwachukwu, 2019. Effects of
NPK  fertiliser  (15-15-15)  on  the  growth  performance  of
three arable crops grown on degraded kaolin mined soil in
Abia State, Southeast Nigeria. Asian Soil Res. J., Vol. 2.
10.9734/asrj/2019/v2i330052.

32. Eshalomi-Mario, T.N. and F.B.G. Tanee, 2015. Phytodiversity
assessment in abandoned solid waste dumpsites in Port
Harcourt, Nigeria. Ann. Res. Rev. Biol., 6: 379-389.

33. Emoyan, O.O., E.O. Onocha and G.O. Tesi, 2020. Concentration
assessment and source evaluation of 16 priority polycyclic
aromatic hydrocarbons in soils from selected vehicle-parks in
Southern Nigeria. Sci. Afr., Vol. 7. 10.1016/j.sciaf.2020.e00296.

34. Ikhajiagbe, B., G.O. Anoliefo, M.A. Jolaoso and E.O. Oshomoh,
2013. Phytoassessment of a waste engine oil-polluted soil
exposed to two different intervals of monitored natural
attenuation using african yam bean (Sphenostylis
stenocarpa). Pak. J. Biol. Sci., 16: 680-685.

35. Essien, J.P., G.A. Ebong, J.E. Asuquo and A.A. Olajire, 2012.
Hydrocarbons contamination and microbial degradation in
mangrove sediments of the Niger Delta Region (Nigeria).
Chem. Ecol., 28: 421-434.

36. Igboama, W.N. and N.U. Ugwu, 2016. Laboratory evaluation
of the impact of contaminants on soil resistivity and the
consequent   effect   on   plant’s   growth.   J.   Environ.   Prot.,
7: 1802-1809.

37. Franco,   S.S.,   A.C.   Nardocci   and   W.M.R.   Gunther,   2008.
PAH biomarkers for human health risk assessment: A review
of the state-of-the-art. Cadernos Saude Publica, 24: 569-580.

38. Kayode, J., O. Olowoyo and A. Oyedeji, 2009. The effects of
used engine oil pollution on the growth and early seedling
performance    of    Vigna    uniguiculata    and    Zea    mays.
Res. J. Soil Biol., 1: 15-19.

39. Fernandes,    B.,    C.    Soares,    C.    Braga,    A.    Rebotim    and
R. Ferreira et al., 2020. Ecotoxicological assessment of a
glyphosate-based  herbicide  in  cover  plants:  Medicago
sativa L. as a model species. Appl. Sci., Vol. 10.
10.3390/app10155098.

40. Garcia-Lorenzo, M.L., C. Pérez-Sirvent, M.J. Martínez-Sánchez
and J. Molina-Ruiz, 2012. Trace elements contamination in an
abandoned mining site in a semiarid zone. J. Geochem.
Explor., 113: 23-35.

41. Gaudino, S., C. Galas, M. Belli, S. Barbizzi and P. de Zorzi et al.,
2007. The role of different soil sample digestion methods on
trace elements analysis: A comparison of ICP-MS and INAA
measurement results. Accredit. Qual. Assur., 12: 84-93.

42. Agbogidi, O.M., 2010. Screening six cultivars of cowpea
(Vignia unguiculata (L.) Walp for adaptation to soil
contaminated   with   spent   engine   oil.   Academia   Arena,
2: 65-75.

43. Nwoko, C.O., P.N. Okeke, O.O. Agwu and I.E. Akpan, 2007.
Performance of Phaseolus vulgaris L. in a soil contaminated
with spent-engine oil. Afr. J. Biotechnol., 6: 1922-1925.

22


	AJAPS.pdf
	Page 1


