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Abstract

Remediation of crankcase oil contaminated soil with different sources of manure was studied using randomized 
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before cultivation. �is was done using hand knapsack sprayer. �e 
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recommended levels that could be injurious to plants, livestock and 
even mankind [21]. 

Soil physical properties

Table 2 shows e�ect of di�erent sources of manure on soil physical 
properties contaminated with crankcase oil. �ere were no signi�cant 
(P<0.05) di�erences in bulk density among the treatments. Control plot 
had highest bulk density of 1.50 mgm-3 and this was higher by 5 and 6% 
than the values obtained in plots amended with of poultry droppings 
and a combined of poultry droppings and NPK fertilizer. �e total 
porosity followed the trend obtained in bulk density. �e plot amended 
with a combination of NPK fertilizer and poultry droppings was 19% 
each higher in total porosity when compared to the control and the plot 
amended with NPK fertilizer alone.

�e combined fertilizer and NPK fertilizer treated plots had 
an improved aggregate stability of 12% and 11% respectively when 
compared to the control. �ese plots were also 12% and 18% higher in 
GMC when compared to single fertilizer treatments. 

�e signi�cant positive e�ect of di�erent sources of manure 
amendment on aggregate stability and GMC of crankcase oil 
contaminated soil has been reported before [5,22-24] Similarly, positive 
improvements recorded in plots contaminated with crankcase oil and 
amended with di�erent sources of manure when compared to control 
are intandem with the �ndings of Ref. [25-28] reported that low soil 
porosity was one of the fertility problems of oil contaminated soil which 
o�en occurs as a result of compaction resulting in high bulk density. 
�e superior improvements in soil properties in plots amended with 
a combined poultry droppings and NPK fertilizer compared to other 
manure treatments could be attributed to its e�ectiveness and e�ciency 
in attenuating and remedying soil contaminated with crankcase oil. 
�is could be linked to higher mineralization of nutrients from the 
treatments into the soil that stimulated more microbial action to 
degrade the hydrocarbon oil which was corroborated by Mbah [22]. 
�e non-signi�cant treatment e�ect on bulk density and total porosity 
implies that manure sources could not be used to remedy compaction 
and porosity of crankcase oil contaminated soil to levels they would not 
impose limitation to productivity.

Soil chemical properties 

Table 3 shows e�ect of di�erent sources of manure on soil chemical 
properties contaminated with crankcase oil. Results indicated that 
treatments had signi�cant (P<0.05) e�ect on available phosphorus, 
calcium and cation exchangeable capacity (CEC), but no signi�cant 
increase in nitrogen or organic carbon was evident. �e plot amended 
with NPK fertilizer was 6% each higher in soil pH when compared to 
values of those amended with poultry droppings and a combination of 
poultry droppings and NPK fertilizer. Furthermore, signi�cant (P>0.05) 
di�erences were observed in available phosphorus in plots amended 
with di�erent sources of manure. �e plot amended with poultry 
droppings was 22% higher in available phosphorus when compared to 
control and plots receiving NPK fertilizer and combination of poultry 
droppings and NPK fertilizer, respectively. 

�e organic carbon content of plot amended with a combination 
of poultry droppings and NPK fertilizer was higher by 20, 19 and 25% 
when compared with control, plots amended with poultry droppings 
and NPK fertilizer. 

�ere were signi�cant di�erences in calcium among the treatments. 
Similarly, the plot amended with combination of poultry droppings and 
NPK fertilizer was 75, 30 and 50% higher in calcium when compared 
to control, plots amended with poultry droppings and NPK fertilizer, 
respectively. Plot amended with NPK fertilizer was respectively higher 
in Mg, K and Na by 57, 19 and 31% relative to control and also varied 
from other treatments. Cation exchange capacity of plots receiving 
amendments was signi�cantly (P<0.05) higher than control. 

�e plot amended with a combination of poultry droppings and 
NPK fertilizer was respectively higher by 18, 34 and 66% in CEC 
when compared with the plots amended with poultry droppings, NPK 
fertilizer and control. Base saturation was 5 and 4% higher in base 
saturation in plot amended with combination of poultry droppings and 
NPK fertilizer compared to control and plots amended with poultry 
droppings. 

�e no signi�cant treatment e�ect obtained in soil pH, Nitrogen, 
organic carbon and exchangeable Mg, K, Na and BS could be attributed 
to low fertility trend of soil used for study and e�ect of crankcase 
oil contamination. It further implies that the amendments were not 
e�ective and e�cient enough to attenuate the problem of crankcase 
oil contamination on these soil properties Vuoto et al. [25]. had earlier 
reported that fertility problem in soil contaminated with spent lubricant 
oil due to the fact that it contained toxic materials which a�ected 
Nitrogen, organic carbon exchangeable, Mg, K, Na and BS as well as some 
other nutrients in the soil which a�ect inherent productivity of soil.

�e low nitrogen in soil is in line with the report of Atuanya 
[29] who pointed out that nitrogen was not signi�cantly a�ected by 
amendments in oil contaminated soil. Low nitrogen obtained in plot 
amended with a combination of poultry droppings and NPK fertilizer 

Treatments
Bulk density

(mgm -3)
Total 

Porosity (%)
Aggregate

Stability (%)
GMC (%)

C 1.50 43 37.95 9.0

PD 1.42 47 37.85 15.0

NPK 1.50 43 37.60 14.0

PD+NPK 1.41 47 42.67 17.0

FLSD(0.05) NS NS 0.77 0.27

Where, C - Control; PD - poultry droppings; NPK - NPK fertilizer; GMC - gravimetric 
�P�R�L�V�W�X�U�H���F�R�Q�W�H�Q�W�����1�6�������1�R�W���6�L�J�Q�L�¿�F�D�Q�W��

Table 2:  Effect of different sources of manure on soil physical properties 
contaminated with crankcase oil.

20)P mg/kgN%OC%CaMgKNaCEC% BScmolkg-1C6.0015c700q 11.452.001.200q 93c8191PD6.3020.000.082c345c602c400.120.139.0592NPK6c401 1600.082cm
4.002c800.110.13 c3591PD+NPK6.3017.900.072.878.002.400.120.1111q 991FLSD (0.05)NS0.27NSNS0.20NSNSNS0.35NS�&�������&�R�Q�W�U�R�O�����3�'�������S�R�X�O�W�U�\���G�U�R�S�S�L�Q�J�����1�3�.�������1�3�.���I�H�U�W�L�O�L�]�H�U�����1�6�������1�R�W���6�L�J�Q�L�¿�F�D�Q�WTable 3: Effect of crankcase oil contamination amended with difference sources of manure soil chemical properties.
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relative to values obtained for those receiving poultry droppings and 
NPK fertilizer could be attributed to higher microbial activities which 
led to immobilization of nitrogen into microbial tissues for degradation 
of hydrocarbon oil. Several authors [30-32] had reported low total 
nitrogen, organic carbon and soil pH in soil contaminated with spent 
lubricant oil. Low values of Na, K and Mg were noted by Nwite [33] in 
his study of soil contaminated with automobile oil. Exchangeable Na, K 
and Mg can enter into complexes with other elements and this could be 
one of the reasons for their low values in the soil. Tiger et al. pointed out 
that Na was particularly low in soil contaminated with hydrocarbon oil 
due to its immobilization. �e signi�cant treatment e�ect on available P, 
exchangeable Ca, cation exchangeable capacity (CEC) suggests that the 
amendments have the potentials to restore crankcase oil degraded soil by 
increasing these nutrients in the soil. �e signi�cant e�ect of treatments 
on available phosphorus could further be attributed to improvements 
on soil pH and organic carbon of amended plots (Table 3). �is is 
because high pH and organic carbon in soil has positive in�uence on 
soil available phosphorus. Signi�cant exchangeable Calcium could be 
attributed to characteristic of strongly weathered soils of the tropics and 
already high calcium content at pre-planting period. �is �nding is in 
line with the observation of Ref. [30]. Abii and Nwosu that calcium 
was high and signi�cant due to strongly weathered characteristics of 
tropical soils. �e signi�cant CEC could be attributed to positive e�ects 
of amendments on one hand and improved values of soil pH, available 
phosphorus, organic carbon and exchangeable Ca, Mg and Na on 
the other (Table 3). Superior performance of combination of poultry 
droppings and NPK fertilizer treatment on improving nutrients of soil 
compared to other treatments could linked to higher mineralization 
which spurred higher microbial degradation of hydrocarbon oil. �is 
�nding is in line with the report of Adesodun [1] that higher microbial 
action on hydrocarbon oil increased soil productivity.

Heavy metals concentration in soil	

Table 4 shows e�ect of di�erent sources of manure on heavy metals 
concentration of soil contaminated with crankcase oil. Results indicate 
that there was no signi�cant (P<0.05) treatment e�ect on heavy metals 
concentration of soil. Heavy metals of control were higher than the 
values obtained in amended plots, respectively. �e values of Pb are 
25, 33 and 55% higher in control compared to plots amended with 
poultry droppings, NPK fertilizer and combination of droppings and 
NPK fertilizer. Cadmium was 10 and 20% higher in control relative to 
plots amended with NPK fertilizer and combined poultry droppings 
and NPK fertilizer.

Higher concentration of Pb and Cd in control relative to amended 
plots indicates that crankcase oil contamination could be remedied 
through di�erent sources of manure amendments. �is �nding is 
in line with Anikwe [34] who reported that organic wastes could be 
used to ameliorate heavy metals concentration in soil contaminated 
with spent lubricant oil and increase its productivity. Low values of 

Pb and Cd in amended plots compared to control could be attributed 
to adsorption by materials provided by the amendments into the soil. 
Jones et al. [35] pointed out that heavy metals were adsorbed at particle 
surface or to carbonates as well as occluded in iron or manganese 
oxides, organic matter or sulphide. �is was corroborated by Anikwe 
[36]. In his �ndings where he noted that heavy metals were chelated by 
organic matter and thus reduced its presence in the soil. �e Pb and Cd 
in soil are higher than low levels of 0.0-0.1 and 0.0-0.003 recommended 
by LASEPA to be safe to life. Lead and Cadmium are lower than 
recommended high values by WHO for ecotoxicity.

Maize plant height

Table 5 shows e�ect of di�erent sources of manure on plant heights 
of soil contaminated with crankcase oil at 2, 4, 6, 8 and 10 weeks a�er 
planting (WAP). �e result showed signi�cant (P<0.05) treatment 
e�ect on plant height relative to control at di�erent sampling periods. 
Similarly, there were signi�cant (P<0.05) di�erences among treatments 
in plant height at di�erent sampling periods. �e plot amended with a 
combined poultry droppings and NPK fertilizer had tallest maize plant 
at 2, 4, 6 and 10 WAP compared to control and plots amended with 
poultry droppings and NPK fertilizer, respectively. �ese were 34, 27, 
16%; 35, 13, 20%; 2, 31, 12% and 14, 22, 16% respectively taller maize 
plants in plot amended with combined poultry droppings and NPK 
fertilizer compared to control, plots amended with poultry droppings 



Citation: Nwite JN, Aya FC, Okolo CC (2016) Remediation of Crankcase Oil Contaminated Soil with Different Sources of Manure in Abakaliki, 
Southeast, Nigeria. J Bioremediat Biodegrad 7: 350. doi: 10.4172/2155-6199.1000350

Volume 7 • Issue 3 • 1000350

Page 5 of 6

J Bioremediat Biodegrad, an open access journal
ISSN: 2155-6199

grain yield of maize of soil contaminated with crankcase oil. Results 
indicated that grain yield of maize in amended plots was signi�cantly 
(P<0.05) higher than control. Signi�cantly (P<0.05) higher grain yield 
of maize was obtained in plot amended with a combination poultry 
droppings and NPK fertilizer when compared with control, plots 
treated with poultry droppings and NPK fertilizer, respectively. �is 
was 44, 36 and 40% respectively higher than the control, plots amended 
with poultry droppings and NPK fertilizer. �e increase in grain yield 
of maize is as follows PD+NPK>PD>NPK>C in the treatments. 

�e low grain yield in control could be due to poor physical and 
chemical properties of the soil (Tables 2 and 3). �is implies low 
nutrient utilization in the soil [37]. Similarly, Brady and Weil [3] noted 
that productive capacity of soil contaminated with spent lubricant oil 
was degraded. Mbah et al. [4] reported low maize grain yield in spent 
oil contaminated soil. �e signi�cant increase in grain yield of maize 
in plots treated with di�erent sources of manure and particularly one 
receiving combined poultry and fertilizer treatment could be linked to 
improvements in physical and chemical properties of soil (Tables 2 and 
3). Similar observations were made [23,27,38] of signi�cant increase in 
grain yields of maize in soil amended with organic wastes. �e grain 
yields of maize were below global maize yield of 2.5 tha-1 [39] and 
high value according to the recommendation of NPAFS [40,41] under 
di�erent sources of manure treatment and control.

Conclusion

�e result of this study had shown that amendment of soil 
contaminated with crankcase oil with di�erent sources of manure 
improved soil properties and agronomic yield of maize and generally its 
productivity. Signi�cantly higher e�ect of treatments was obtained on 
aggregate stability, gravimetric moisture content, available phosphorus, 
exchangeable calcium, cation exchange capacity, maize plant height 
and grain yield of maize in amended plots relative to control. 
Comparatively, the plot amended with combined sources of manure 

of poultry droppings and NPK fertilizer had superior performance in 
increasing and sustaining soil productivity when compared to other 
treatments. It could be recommended that di�erent sources of manure 
be used to ameliorate and sustain productivity of soil contaminated 
with crankcase oil.

Acknowledgements

The authors graceful acknowledge the laboratory attendants’ for their 
invaluable assistances at various stages of this work. We remain grateful to all 
of you.

References

1.	 �$�G�H�V�R�G�X�Q�� �-�.�� �������������� �%�L�R�U�H�P�H�G�L�D�W�L�R�Q�� �R�I�� �D�Q�G�� �$�O�¿�V�R�O�� �&�R�Q�W�D�P�L�Q�D�W�H�G�� �Z�L�W�K�� �V�S�H�Q�W��
lubricant oil and its quality assessment using micro-morphological analysis. 

http://idosi.org/aeja/2(2)09/5.pdf
http://link.springer.com/article/10.1023/B:EMAS.0000031723.62736.24
http://link.springer.com/article/10.1023/B:EMAS.0000031723.62736.24
http://www.ajol.info/index.php/gj=Bor1pahp/gj=Bor0w/5ga67RI//Subtype//75/Stda0 0 R/BS<</S/S/Type/Bordrgj=/Bordebstracphp1://6e/Annot>><</A 122 0 R/BS<</S/S/Type/Border/W 0>>/Border[0 0 0]/H/N/Rect[324.567 200.107 566.929 190.793]/StructParent 28/Subtype/Link/Type/Annot>><</A 129 0 R/BS<</S/S/Type/Border/W 0e3/URI(93]/StructParent 28/Subtype/Link/Type/A04334t[324.567u 0 R74334t[96/=rent345nbAr50 0 S<</S/S/Type/Border/W 0>>ype9oI.56oAnnot4334t[3260rder/e5E476.94r>t>><</A 120 0ies-of-Links-12th-editione/Annot5nkse34 0>>Tre9oI.56oAnnot7 0 050<</06 68.9S/S/Type/Border/W.ajol.info/index.php/gj=Bor1paity-H/SubFNYDWO+Cail.oiastChar 121/Subtype/TrueType/Type/Font/Widths[250 0 0 090 833 0 0 0 0 0 0 0 0 0 0 500 500 0 0 0 0 0 0 0 0 0 020 0 0 0 0 0 0 0 0 0 0 0 0 0/W 687 3ng/Fi7/Fi7/Fi7/Fi7/0/Fi7/0/Encoding/WinAnsiEncoding/siEnc5 0 0 031 0 178 178 0 17667 50517/0/Enco487/0/Encoding/WinAnsiEncodi479 178 175 0 0 0/8 175 229 0 0 0 26 89 175 ing/Win4R/BS R/B5nsiEncodi45k/None/T44 10416.4 517.169 407.086]/StructParent 19/Subtype/Link/Type/Annot>78.1</A 120 0 R/68.8/S/S/Type/Border/W 0>>/Border[0 0 0]/H/N/Rectng/WinAnsnot9<</A  3/W ar 32/FoA8 137/A 120 0ies-of-Links-12th-editione/Annot5nkse34 0>>Tre9oI.56oAnMap4</A 106 0 R/08.0/S/S/Type/Border/W2ajol.info/index.php/gj=Bor1pahp/gj=Bor0w/5ga67RI//Subtype//75/Type/Border/W 0e3/URI(93]/71ruc5675ent 28/Subtype/Link/Type/A04334t[324.567//eprints.nwisrl.ars.usda.gov/732/3/585.pdf)>><</A 109 0 R/BSrt_2.html?id=8evwAAAAMAAJ)>><</IsMaP44 ciples_/W _Procedrdee/S/URt 0 er[cspringer.cXBbv/books/about/Methods_of_Soil_Analysis_Part_2.html?id=8evwAAAAMAAJ
https://portals.iucn.org/library/node/17747
http://www.iup.uni-heidelberg.de/institut/forschung/groups/ts/soil_physics/students/lecture_notes05/sp-v2.2.pdf
http://eprints.nwisrl.ars.usda.gov/732/3/585.pdf
https://books.google.co.in/books/about/Methods_of_Soil_Analysis_Part_2.html?id=8evwAAAAMAAJ
https://books.google.co.in/books/about/Methods_of_Soil_Analysis_Part_2.html?id=8evwAAAAMAAJ
http://www.ljemail.org/reference/ReferencesPapers.aspx?ReferenceID=669977


Citation: Nwite JN, Aya FC, Okolo CC (2016) Remediation of Crankcase Oil Contaminated Soil with Different Sources of Manure in Abakaliki, 
Southeast, Nigeria. J Bioremediat Biodegrad 7: 350. doi: 10.4172/2155-6199.1000350

Volume 7 • Issue 3 • 1000350

Page 6 of 6

J Bioremediat Biodegrad, an open access journal
ISSN: 2155-6199

23.

http://www.ncbi.nlm.nih.gov/pubmed/11198180
http://www.ncbi.nlm.nih.gov/pubmed/11198180
http://www.ncbi.nlm.nih.gov/pubmed/11198180
http://www.unn.edu.ng/internals/repository/view/MzQ1Ng--
http://www.unn.edu.ng/internals/repository/view/MzQ1Ng--
http://www.unn.edu.ng/internals/repository/view/MzQ1Ng--
http://www.jofamericanscience.org/journals/am-sci/am0610/103_3756am0610_871_878.pdf
http://www.jofamericanscience.org/journals/am-sci/am0610/103_3756am0610_871_878.pdf
http://www.jofamericanscience.org/journals/am-sci/am0610/103_3756am0610_871_878.pdf
http://www.ingentaconnect.com/content/ip/ooa/2008/00000037/00000001/art00008%5d
http://www.ingentaconnect.com/content/ip/ooa/2008/00000037/00000001/art00008%5d
http://www.sciencedirect.com/science/article/pii/S0167198706000924%5d
http://www.sciencedirect.com/science/article/pii/S0167198706000924%5d
http://www.sciencedirect.com/science/article/pii/S0167198706000924%5d
http://www.ncbi.nlm.nih.gov/pubmed/15700163
http://www.ncbi.nlm.nih.gov/pubmed/15700163
http://www.ncbi.nlm.nih.gov/pubmed/15700163
http://hrcak.srce.hr/ojs/index.php/jcea/article/view/353
http://hrcak.srce.hr/ojs/index.php/jcea/article/view/353

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Materials and Methods 
	Experimental site 
	Experimental design/treatment application 
	Planting
	Soil sampling 
	Agronomic data  
	Laboratory methods 
	Data analysis 

	Results and Discussion 
	Initial properties of soil and crankcase oil 
	Soil physical properties 
	Soil chemical properties  
	Heavy metals concentration in soil  
	Maize plant height 
	Grain yield of maize 

	Conclusion
	Acknowledgements
	Table 1
	Table 2
	Table 3
	Table 5
	Table 5
	Table 6
	Figure 1
	References

