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Abstract: This study investigates the application of heathi@ remediation of
crude oil polluted soil. Various percentages palutof soil by crude oil (0.4, 0.8,
1.2, 1.6, 2.0, 2.4, 2.8 and 3.2) % were preparedl lasated at six different
temperatures (105, 110, 125, 130, 140 and 160)The growth rate of cowpea
(vigna sinensis) was used as an indicator to determine the lefvedraediation of
the polluted soil to its original state. The moffieetive temperature for the
remediation was 106 while the remediation was highest at the 3.2%lerail
pollution. This method of remediation has good peas$s due to its cost and time
effectiveness.
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INTRODUCTION

In recent times, there has been an upsurge of@inbdirest in the environmental impact of largelesca
industrial projects in Nigeria. One of such largade industrial projects that is responsible forstmo
environmental degradation is the exploration anglaation of crude off* Associated with the
exploration and exploitation of crude oil operatids the release of sometimes large quantities of
crude oil into the environment, leading to deteximn of the quality of the soil and water bodies f
life to thrive. Against this backdrop, researctemests have developed in the area of remediation of
crude oil polluted segments of the environment.nvei al® studied the use of surfactants in the
remediation of crude oil polluted soils. Also, timge of mycoremediation have been experimented by
Okparanmaet al® . Their findings revealed that these methods cbel@pplied in the remediation of
crude oil polluted soils; however, they have thallemges of high cost and long process time,

52 | 1JGHC; 2012-2013, Val.2, No.1, 52-59.



Preliminary... Walter, C. and Inengite, A.K.

respectively. In this study, the focus is the uskeat to remediate lightly polluted soil. This imed

and its applications are very simplified and shdudédmore convenient and affordable by developing
countries. The germination of cowpeégfa sinensis) used as an indicator, to measure the extent of
recovery of the polluted soil.

MATERIALSAND METHODS

Sweet Crude obtained from Shell Petroleum Develaopr@@mpany of Nigeria Limited (SPDC) flow
station at Bomu Base was used for the experim#atgroperties are as follows:

Type: Bonny Light Pour Point: -15°C;
Sulphur Content: 0.122mg/Kg; Specific Gravity: 0.8623,;
API Gravity: 32.6; Water and Sediment: 0.0%.

The germination rate of cowpea was used as aigaitzd in the measurement of the extent of
remediation or re-instatement of the polluted swiits original quality. Cowpea is a dicotyledenous
which germinates in approximately two days aftangihg in good condition.

Garden soil obtained from the agricultural farmtbé Rivers State University of Science and
Technology, Port Harcourt was used for the expartsielhe physic-chemical parameters of the soil
are as stated below:

Soil Depth | pH Available Total Organic Total K* (mg/Kg)
(cm) Phosphorus| Hydrocarbon| Carbon (%) | Nitrogen
(mg/KQ) Content (%)
(mg/Kg)
0-15 5.2 17.65 - 0.8 0.05 0.77
Na* ca* Mg?* Sand (%) Silt (%) Clay (%) Textural
(mg/Kg) (mg/Kg) (mg/Kg) Class
0.22 1.85 0.72 87 7.0 6.0 Humus
Sand

Fifty-seven identical experimental set-up contaréled with 0.625Kg of soil.

Percentage pollution ranges of 0.0; 0.4; 0.8; 1.B; 2.0; 2.4; 2.8 and 3.2 were prepared by
homogenising the soil with specific volumes of @wil, which calculated by the formula:

Volume of Crude Oil = (Mass of Crude Qil) / (Densitf Crude Oil)

APl gravity = — 131%

15
Pis
Where API gravity for the Crude Oil used is 32.6

pig = specific gravity of crude oil used = 0.6623
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Densityof Crude

= 0.8623
Density of water

k
Densityof Crude = 06623 + 1000 m—‘i =862.3kg/m?

Mass of Crude
862.3 kg /m?®

Volume of Crude =

For 1.0% pollution, mass of crude oil needed is @kgrude in 99kg of solil; therefore, 0.625Kg of
soil will need 0.00625 Kg of crude oil, which isuéeplent to 7.31crhof crude oil.

With the above calculations, the following valuesrgvobtained:

% Pollution | 0.0| 0.4 0.8 1.2 1.6 2.0 2.4 2.8 3.2
Volume of 0.0 | 2.9 5.8 8.7 11.6 14.5 17.4 20.3 23.2
Crude (cr)

Forty-eight of the soil samples, homogenised wjitecific amounts of crude oil were then subjected
to heat at six different temperatures (105, 11®, 130, 140 and 160X on a regulated hot plate,
with continuous stirring during the heating processuniform heating. The 0.0% pollution served as
a control.

All the containers were left to cool to ambient paErature, afterwards, 20 uniform viable cowpea
seeds were planted in each container. The seedsegegrlly spaced from one another, uniformly, in
the containers and watered uniformly on daily ba&fter 2 days, the best performing seedlings were
singled out from all the 59 experimental set-upd Hre shoots measured. This continued on daily
basis for the next 10 days, at 12pm daily.

Considering effectiveness of the remediation a@Pte comparisons of the rates of germination in
the thermoremediated soil and the non-thermo resediisoil were done at this temperature, using
the formula:

Fo—F
RQ=(G P

) + 100%

Rg = % reduction in the rate of germination
Fo = Final Reading of 0% pollution

Fp = Final Reading of polluted soil/ thermoremeeliasoil.

RESULTSAND DISCUSSION

The shoot lengths of the measured seedlings fothdgno-remediated, the non-thermoremediated,
and the control, for all the 11 days are as statddble 1-3. The results show that there is an inverse
relationship between the quantities of crude od #re germination rate of cowpdagure 1 shows
the growth with respect to time. The greater theedar quantity of crude oil in the soil, the lester
rate of growth. This finding is similar to the wadkne by Amakiri and Onofeghdra
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Table-1: Lengths of Cowpea Shoot in Centimetersfor 0.4-1.6 % Crude oil Pollution after Themoremediation
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% 1.2 1.6
CRUDE 0.4 0.8
OIL
TEMP(C) J |

105 | 110 125| 130 144 160 10 130 15 130 140 Jj60 [1@30 | 125| 130f 140, 16Q 10 110 125 10 140 160
DAY1 77 |75 | 74| 72| 70| 66| 64 6.7 b 5P 486462 | 60| 58| 52| 50| 41 5.4 583 5D 418 44 42
DAY2 129| 125 122 120 11. 118 9 9.5 0O 758 |46 | 86| 84| 75 72/ 6.7 6.1 76 741 6|6 60 5482
DAY3 17.0| 16.7| 16.5 16.% 16. 15(7 13. 119 11.4€.11 96 | 84| 1047 95| 8.8 8.5 7. 66 9/6 95 873 870 | 6.8
DAY4 21.1| 20.0| 18.3 18.8 18. 18{0 15. 140 13.&.11 12.6| 11.0 134 128 10/4 100 92 8{1 128 1208 | 93 | 82| 8.0
DAY5 221 21.8] 215 21% 21. 21|10 17. 16.6 15.%.61 13.7| 13.00 150 146 13J0 12 12.2 1p.2 14909 130.1| 10.0f 9.7| 9.2
DAY6 229 225 198 198 19. 19/0 19. 191 18.8.41 154| 151 174 17 15|8 14 14.0 1p9 15.7.0 183.9| 13.4| 13.0 124
DAY7 23.2| 23.0| 215 21% 21 20j4 20Q. 20.0 19.8.81 17.5| 16.8 185 183 175 17. 16.2 140 16.4.4164.6| 144 141 133
DAY8 23.0| 21.9| 195 214 19 19(3 21. 226 22.1.82 21.4| 19.1 19.6 190 185 18. 171 1.0 17.8.3175.8| 153 141 140
DAY9 24.7| 23.3| 21.8 222 21 215 22. 226 22.1.82 21.4| 19.1) 209 206 201 20Q. 191 1.0 18.9.5188.0| 17.6| 158 150
DAY10 259| 247 220 223 220 21{8 23. 207 22220 218/ 200 21.3 21p 21j0 2Q. 20.2 19.6 19931 19.0| 18.7 171 165p
DAY11 27.4| 26.0| 237 24.6 237 22[6 25 244 24287 | 23.2| 211 241 224 22]11 21 21.1 201 228.0p220.0f 19.7 18.2 18P
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Table 2: Lengths of Cowpea Shoot in Centimetersfor 2.0-3.2 % Crude oil Pollution after Themoremediation

E/DOIERUDE 20 04 2.8 3.2
TEMP(0C)

105 | 110| 125| 130, 149 160 105 1J0 15 130 140 60 [1a%0 | 125| 130| 140, 16¢ 105 11p 145 1B0 140 160
DAY1 52 | 50 | 49| 45| 44| 40 50 48 42 4P 409343 | 40| 40| 50| 41| 43 43 40 41 39 36 34
DAY?2 70 | 67 | 64| 62| 50| 46| 64 57 58 50 470459 | 44| 46| 47| 36 3.0 57 54 5B 43 41 40
DAY3 86 | 83| 80| 73| 66| 53 69 67 68 60 560568 |66| 60| 56| 30 24 66 61 6p 55 50 50
DAY4 11.3| 11.3| 108 102 83 70 73 7p 7o 710768 | 88| 80| 63| 77| 46 37 88 7 71 70 87.1 6
DAY5 12.7| 12.4| 117 115 104 96 103 84 80 8&6 |70 | 11.2 117 86| 80 73 50 112 1p3 91 830 | 6.3
DAY6 140| 13.7| 128 124 115 101 130 122 1203 990 | 86 | 132 126 105 96 81 66 182 1171106 | 7.8 | 7.3
DAY7 155| 151| 13.0 13.0 125 11|3 146 147 14.8.61 11.3| 100 147 138 11l6 112 10.1 76 14701313.1| 11.9] 114 10.0
DAY8 168 | 16.3| 150 141 13p 120 168 159 150181 14.3| 128 150 14F 135 132 123 81 1533143.1| 119 114 10.0
DAY9 176| 17.1| 160 153 148 13|12 179 172 16.%.01 156 140 17.8 16D 140 130 126 7|8 17.711550| 147 134 123
DAY10 18.7| 18.4| 175 167 150 140 180 179 17®.0| 16.7| 150 19.0 166 14/6 133 123 98 18.3.3166.6| 157 141 13.0
DAY11 200/ 193 182 170 164 156 193 133 1804|171 163 190 185 173 161 140 123 18811171) 169 153 14p

56 | IJGHC; 2012-2013, Vol.2, No.1, 52-59.



Preliminary... Walter, C. and Inengite, A.K.

Table 3: Shoot Lengthsin centimetres of Cowpea in Crude Oil Polluted Soils

CRUDE OIL IN SOIL (%)| 0 04 | 08| 1.2 16| 20 24 282
DAY1 79 |59 | 42| 39 34| 26 24 195
DAY2 13.0|/8.8 | 7.6 | 6.9 6.2| 54| 40 2[723
DAY3 17.3| 11.5| 10.8| 9.8 78 | 54| 48| 3.127
DAY4 21.3|148|12.2|11.2 | 11.2/6.3 | 55 | 4234
DAY5 22.3|154|14.2| 136 | 122/ 7.2 | 6.7 | 6.0 5.0
DAY6 23.1|18.4|16.0| 148 | 13.2/94 | 7.8 | 7.0 5.2
DAY7 239|19.6|17.2| 16.1 | 14.0/10.2| 10.1|7.2| 5.5
DAY8 2441 20.2|17.7| 16.6 | 14.7/10.9| 10.6| 7.4| 5.7
DAY9 25.6|27.7|18.4|17.15/154|11.6|11.4|7.6|5.8
DAY10 27.1121.3|19.2| 179 | 16.2/12.3|12.1| 7.8| 5.9
DAY11 27.6(21.2|20.1|18.8 | 16.9/15.21129|8.1| 6.1

Table-4: Percentage Reduction in Growth rate of Cowpeain Polluted and Thermo

remediated Soils
Concentration of % % Reduction in
Crudeoil in soil Reduction in Ther moremediated Soil
(%) Polluted Soil
0.4 23.18841 0.724638
0.8 27.17391 9.057971
1.2 31.88406 12.68116
1.6 38.76812 18.47826
2.0 44.92754 27.53623
24 53.26087 30.07246
2.8 70.65217 31.15942
3.2 77.89855 32.97101
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Figure 1. Growth Rate of Cowpeain Polluted and Non-polluted Soils

There was an appreciable improvement in the groatthof cowpea because of thermoremediation of
the polluted soil, within the range of the pollutsoworked on. The highest remediation was observed
in 3.2% crude oil pollution where the percentagguotion of the growth was improved by about
45%, from 77.90% to 32.97% as illustratedrigure 2.

Percentage Growth Reduction in Polluted and
Remediated Soils
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Figure 2. Percentage Growth Reduction in Polluted and Ther moremediated Soils
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CONCLUSION

This preliminary study has shown that thermorentemhizof crude oil polluted soil has prospects in
the remediation of polluted soil especially wheghhtost and time consumption are challenges.
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