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Abstract  The remediation potentials of spent mushroom substrate (Pleurotus astreatus) (Oyster mushroom) was 
investigated on soils contaminated with spent automobile lubricant at University of Port Harcourt farm (Dec-Feb. 2015) to 
determine the available nutrients and concentration of total hydrocarbon content. Sixteen sub-plots were contaminated with 
2-L and 4-L of spent automobile lubricant, and 4 sub-plots without any contamination (control). Eight of the contaminated 
plots; were treated (remediated) with 1.7kg of spent mushroom substrate, 14 days post-contamination. Soil samples were 
collected at 10cm depth from each habitat 14 days post-remediation and taken to the laboratory for analysis of organic 
nitrogen using calorimetric measurement by Brucine method, organic carbon by rapid titrimetric method. Total hydrocarbon 
content (THC) was measured by spectrophotometer and available phosphorus by the Bray’s P method and potassium by 
Flame Atomic Absorption Spectrophotometer. Soil edaphic factors were also determined. Results obtained indicate that soil 
pH was 5.4 (2-L impacted), 6.11 (2-L remediated) habitat-types, and 6.06(control). Concentration of nitrogen was 0.089%, 
0.16%, 0.15% in the impacted, remediated and control sites. Phosphorus and Potassium was 23.3mg/kg; 33.3mg/kg 
(impacted), 7.20mg/kg; 10.04mg/kg (remediated) and 46.2mg/kg; 12.0mg/kg (control) sites. Total hydrocarbon 
concentration (THC) was 3.9mg/kg (control), 12.1mg/kg (2-L impacted) and 4.8mg/kg (2-L amended) habitat-types. There 
was a significant difference in nutrient composition between the remediated and impacted habitat-types.  
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1. Introduction 
Soil is a complex mixture of weathered mineral materials 

from rocks, partially decomposed organic molecules, and a 
host of living organisms. Soil is an ecosystem and an 
essential component of the biosphere, which can be used 
sustainably, or even enhanced under careful management [1]. 
A healthy soil is composed of 50% mineral matter and 50% 
plant and animal residues, air, water and living organisms. 

The mineral particles are derived either from the 
underlying bedrock or from materials transported and 
deposited by glaciers, rivers, ocean currents, windstorms   
or landslides; much of the organic material in soil is humus  
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which coats mineral particles, and holds them together in 
loose crumbs, giving the soil a spongy texture that holds 
water and nutrients needed by plant roots. The new texture 
provides spaces for the growth of dedicate root hairs. 
Generally, soils are basis for agricultural production since it 
is the source of nutrient element needed for plant growth and 
provide anchorage for the plant. 

Among the nutrient elements are the basic types such as 
nitrogen, phosphorus, potassium and organic carbon, 
including total organic matter. Other basic soil parameters 
includes, soil pH, moisture and temperature. Soils are often 
subjected to two forms of deterioration; chemical and 
physical. These could be by way of chemical-pollution 
(including oil spills), nutrient depletion, salinization and 
acidification. These form of deterioration especially those 
caused by spent auto mobile lubricant results in reduction of 
physico-chemical parameters of the soil. 

Spent automobile lubricant which is a brown-to black 
liquid produced when new mineral-based crankcase oil is 
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subjected to high temperature and high mechanical strain [2] 
has been reported to reduce the pH of soil slightly, making 
the soil a little more acidic [3]. Similarly, [17] reported that 
soil polluted with heavy metals such as iron and copper 
showed acidic pH. Spent or used or waste automobile 
lubricant caused soil pollution because it contain a mixture 
of several different chemicals including hydrocarbons, 
decomposition products and heavy metal contaminants such 
as aluminum, chromium, lead, manganese, nickel and silicon 
that come from automobile parts as they wear down [5]), 
which enters the soil through two sources; 

(a)  When motor oil is changed and disposed into the soil 
by motor and generator mechanics, and small scale 
engine oil sellers along Nigerian roads [6]. 

(b)  When release from exhaust system during engine use 
and due to engine leaks [7]. 

This illegal dumping of waste oil into the soil cause among 
others soil hardening and colour changes of soil [8], 
immobilization and alteration of availability of soil nutrients 
and lowering of Ph [9]. Nigeria accounts for more than 87 
million litres of spent lubricants annually and attention has 
not been given to how it is been disposed [7]. 

It has been shown that soil temperature at spent 
automobile treated site was higher than that of untreated site 
[10]. 

Improvement of basic soil parameters including nutrients 
by spent mushroom substrate from hydrocarbon 
contaminated soils has been reported. Accordingly spent 
mushroom substrate; a composted organic material 
remaining, after a mushroom crop has been harvested 
improve the soil physico-chemical parameters [11] and 
reduce total petroleum hydrocarbon [12]. This substrate is 
highly rich in essential nutrients such as nitrogen, 
phosphorus and also contains micronutrients such as iron, 
manganese, copper and zinc in very low average between 
0.01 and 0.2. It also contain salts such as sodium, calcium 
and magnesium, in which calcium and magnesium are 
always in larger amount than sodium and thus neutralizes 
sodium, preventing it from accumulating on the soil particles 
[13]. Spent mushroom substrate has been used as an organic 
soil amendment and fertilizer for crop production and other 
land management issues [14]. 

With these established background, the objective of the 
present study is to ascertain the impact of spent mushroom 
substrate applied as a remediating agent on the nutrient 
composition of soils contaminated with spent automobile 
lubricant. 

2. Materials and Methods 
Study Area/Design 

The study was carried out at the University farm behind 
University of Port Harcourt water bottling company, 
University Park, University of Port Harcourt (40 541 33.ON 
60 551 20.OE) from December to February, 2015. 

Study Design 
The study area was divided into 4 plots; each into 4 

sub-plots measuring 2m x 1.5m with 1m distance separating 
the plots both vertically and horizontally. It was replicated in 
a completely randomized design; the 4 sub-plots are referred 
as replicates. 

There are 5 treatments; zero, 2-litre, 4-litre, spent 
automobile lubricant, 2L+spent mushroom substrate and 
4L+spent mushroom substrate. 

The treatments were assigned randomly to the 4 plots and 
its replicates, giving a total of 20 sub-plots. The zero 
treatment plots were the control plot. 

The sub-plots or replicates containing the same treatment 
were group together and referred to as habitat-type. 
Consequently there were 5 habitat-types. Twenty sub-plots 
covering 160m2 were engaged in this investigation. Sixteen 
of these sub-plots (4 plots) were contaminated with 2L and 
4litres of spent automobile lubricant, and 4 sub-plots without 
any contamination. 

14 days post-contamination, 8 of the contaminated plots; 
containing 2 and 4litres were treated with 1.7kg of spent 
mushroom substrate by mixing thoroughly with a trowel to 
ensure quick penetration. Soil sampling commenced 14 days 
post-remediation. The 5 treatments are referred to as 
habitat-types. 
Determination of Basic Soil Parameters: 

Soil samples were collected at 10cm depth from each 
habitat. The samples were thoroughly mixed together and 
put into a polythene bag and taken to the laboratory where 
they were air-dried at room temperature. From here it was 
used to analyse organic nutrients and Total hydrocarbon 
concentration. 20g of the composite samples were wrapped 
in foil papers and put in an oven for over 24hrs for drying. It 
was digested by grinding the soil samples into powder and 
sieved through 2mm mesh size to get fine particles. The 
particles were analysed for soil potassium. 
Nutrients 

The organic nitrogen was determined by calorimetric 
measurement using Brucine method [15]. Organic carbon 
was determined by rapid titrimetric method [16] and total 
organic matter was calculated by multiplying percentage 
organic carbon by 1.724. Available phosphorus (P), in the 
soil sample was determined by the Bray’s P method. 
Exchangeable potassium (K) was extracted with 1N neutral 
ammonium acetate solution. Thereafter potassium (K) was 
determined by flame Atomic Absorption Spectrophotometer. 
Effective cation exchange capacity (ECEC) was calculated 
by the summation of all exchangeable bases and acids. 
Measurement of Soil Total Hydrocarbon Content (THC) 

Soil total hydrocarbon content (THC) was measured by 
spectrophotometer method without silica gel which involved 
an absorbance of liquid extract read at a wavelength of 
425nm using xylene as blank sample. Finally, concentrations 
were extrapolated from a prepared calibrated curve against 
corresponding absorbance. Soil total THC was measured. 
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Determination of Basic Soil Parameters (Soil Edaphic 
Factors) 
Measurement of Edaphic Factors 
Soil Moisture Content: 

50g of composite soil sample was collected from 0-10cm 
depth of each treatment plot and weighed with OHAUS 
portable scale scout II electrical weighing balance 
manufactured in China to determine soil moisture content. 
Samples were wrapped in Tower foil paper, labeled and 
placed in B and T laboratory Thermal Equipment (oven) 
manufactured in England for 24hrs. 

Soil moisture content % = 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙  𝑖𝑖𝑖𝑖  𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 ℎ𝑡𝑡
𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖  𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 ℎ𝑡𝑡

  𝑥𝑥  100 

Soil Temperature: 
Soil temperature readings were taken by inserting the 

thermometer (Quick-fit mercury-in-glass) into the soil to a 
depth of 10cm for 5mins before taking the reading in degree 
Celsius (°C). 
Soil pH: 

20g of composite soil sample collected from each 
treatment plot was sun dried and placed in a 50ml beaker. 
20ml of distilled water was added, stirred occasionally with a 
glass rod and allowed to stand for 30 minutes to determine 
the soil pH. The electrode of each Equip-Tronics digital pH 
meter (model EQ-610) was then inserted into the solution 
and pH readings recorded. 
Statistical Analysis: 

The data obtained in this study was subjected to analysis 
of variance, to ascertain the differences between treatments. 
Tukey HSD multiple comparisons test was used to analyze 
the effects of the treatments. 

3. Results and Discussion 
Improvement in basic soil parameters: 

At the end of the study, an improvement in soil edaphic 
factors was recorded. There was an increase in soil 
temperature from 25.5°C to 26.2°C and 27°C from the 
uncontaminated to 2L and 4L – contaminated habitat-types. 
This increase is as a result of the effect of the spent 
automobile lubricant (Table 1). 

Table 1.  Mean Basic Soil Parameters at the Study Sites 

Habitat-types Temp (oC) pH Moisture (%) 

0 (control) 25.5 6.06 7.5 
2L-impacted 26.2 5.4 10.1 

4L-impacted 27 5.6 14.6 
2L remediated 26 6.11 9.9 
4L remediated 26.7 6.01 12.2 

This result agrees will the report of [10] that spent 
automobile lubricant increase the temperature of the soil 
above the untreated sites. The increase though very slight 

may be due to the slight compactness of the soil at the 
contaminated habitat- types. This compactness may have 
heated up the soil to cause rise in temperature. At the 
remediated habitat-types, the spent mushroom substrate 
reduced the temperature to attaining that at the control 
(uncontaminated) habitat types. It is 26°C at 2L – substrate 
remediated and 25.5°C at the control habitat – types. The 
reduction in temperature was observed at the 4L – substrate 
habitat – types which recorded 26.7°C and 4L – 
contaminated habitat –types that recorded 27°C.  

There was a reduction in the pH value at the contaminated 
habitat-types, making it acidic at 5.4 and 5.6. This reduction 
caused by the spent automobile lubricant was changed at the 
spent mushroom substrate habitat-types, it increased to 6.11 
and 6.01 at the 2L – and 4L – substrate habitat-types 
respectively, and the spent mushroom substrate improved the 
pH value to such a level that there was no difference between 
the value at the control (6.06) and the remediated 
habitat-types (Table 1). 

In the moisture content, the spent mushroom substrate 
reduced it to attain those of the control habitat-types. While 
that of the control was 7.5%, 2L contaminated was 10.1% 
and 2L remediated 9.9%. This indicates that spent 
automobile lubricant increased the moisture of the soil and 
was improved by reducing it to near normalcy by the spent 
mushroom substrate. This agrees with the report of [9] that 
spent automobile lubricant lowered the pH of the soil. A 
similar reduction was recorded at the 4L remediated 
habitat-types.   

These observed improvements agree with the report that 
spent mushroom substrate as organic waste causes rapid 
improvement of soil physic-chemical parameters [11].   
Increase in Soil Nutrients 

This is another area where the impact of spent mushroom 
substrate was observed and recorded. Essential or basic soil 
elements such as nitrogen, phosphorus and potassium were 
lower in concentration in the contaminated habitat-types due 
to the severity of the spent automobile lubricant, than in   
the remediated habitat-types. It was 0.089%, 23.31mg/kg, 
7.20mg/kg for nitrogen, phosphorus and potassium 
respectively at 2L-contaminated habitat-types. When this 
same habitat-types was remediated with spent mushroom 
substrate, an increase in the concentration of these basic soil 
nutrients was recorded. It increases from 0.089% to 0.16% 
for nitrogen, 23.3mg to 33.3mg/kg for phosphorus and 
7.20mg/kg to 10.04mg/kg for potassium. This increase in 
availability of nutrients within 3 months explains the impact 
of spent mushroom substrate as organic waste in soils 
contaminated with spent automobile oil. In the control 
habitat-types, it was 0.15% nitrogen, 46.2mg/kg phosphorus 
and 12.0mg/kg potassium (Table 2). 

Spent mushroom substrate is highly rich in nitrogen and 
phosphorus and has contributed immensely in the 
availability of these nutrients in the amended or remediated 
soils. 
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Table 2.  Concentration of Nutrients in Automobile Hydrocarbon 
Amended Habitat-Types during the period of Study 

Habitat-types THC 
(mg/kg) 

TN 
(%) 

TP 
(mg/kg) 

TK 
(mg/kg) 

Toc 
(%) 

Tom 
(%) 

0L control 3.9 0.15 46.2 12.0 1.7 3.0 
2L impacted 12.1 0.09 23.3 7.2 3.0 5.1 
4L-impacted 13.1 0.09 16.7 10.3 4.3 7.4 

2L + SMS 
remediated 4.8 0.16 33.3 10.1 1.8 3.1 

4L + SMS 
remediated 6.4 0.09 18.7 5.0 3.2 5.5 

Increase Hydrocarbon-induced Total Organic Matter 
Spent mushroom substrate caused a reduction in the total 

hydrocarbon content of the soil which was earlier increased 
by the spent automobile lubricant over those in the control. 
This reduction was much, such that after 10 weeks of 
post-remediation, it was 43.2% (7.3mg/kg) reduction in 
2L-remediated habitat-types (Table 2). The spent mushroom 
substrate biostimulated the hydrocarbon degrading soil 
microorganisms including microarthropods by providing the 
required nutrients to biodegrade the spent automobile 
lubricant. This agrees with the report of [20] that such 
substrate contains nitrogen and phosphorus which are 
nutrients needed by hydrocarbon utilizing bacteria to 
carryout effective biodegradation in the soil. The roles of 
spent mushroom substrate in the reduction of total 
hydrocarbon content of soils contaminated with spent 
automobile lubricant has been reported [4], however, the 
positive effects of nitrogen amendment on microbial activity 
and/or petroleum hydrocarbon degradation has been reported 
[18, 19]. 

The concentration of total organic matter observed and 
recorded at the 2L and 4L concentrated habitat-types was 
hydrocarbon induced. This is because the spent automobile 
lubricant increased the soil carbon from 1.7% (control) to 
2.98% and 4.31% in the 2L and 4L concentrated 
habitat-types respectively, which in turn increased the 
percentage of total organic matter (Table 2). The 
hydrocarbon induced high total organic matter caused more 
compactness of the soil in the contaminated habitat-types. 
This was reduced in the remediated habitat-types where 
spent mushroom substrate provided the required nutrients 
that stimulated the activities of degrading organisms to 
reduce the total hydrocarbon content of the soil and 
consequently a reduction in total organic matter tending 
towards those in the control. Total organic matter was   
5.14% at 2L-contaminated habitat-types and 3.06% at 
2L-remediated habitat-types while at the control it was 2.9%. 
A similar reduction in total organic matter was also observed 
in 4L-remediated habitat-types (Table 2). 

The reduction in hydrocarbon-induced total organic 
matter also helps loosen the compactness of the soil at the 
remediated habitat-types. This will ensure mobility of the 
nutrients and it agrees with the report of [12] that total 
organic matter help loosen the compactness of the soil, 
making sufficient aeration for the microorganisms. 

4. Conclusions 
This study have pointed out that spent mushroom substrate 

applied as remediating substances have the capacity of 
reducing hydrocarbon-induced total organic matter and 
hydrocarbon pollution thereby improving basic soil 
parameters, mobilization of nutrients and ecological 
balancing of the ecosystem. 
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