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Table 1. Soil hydrophobic classification based on the time of water drop penetration into the soil (Dekker &
Ritsema, 1996a)

Hydrophobic Non- Relatively . High Extremely
class Hydrophobic hydrophobic Hydrophobic hydrophobic hydrophobic
Range > 5 sec. 5-60 sec. 60-600 sec. 600-3600 sec. > 3600 sec.
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Figure 1. The SEM images: (a) Biochar of Bagasse and (b) Zeoplant
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Table 2. Some physical and chemical properties of studied soil

Parameter EC pH OM CEC ST TPHs Permeability WDPT
Unit dsS.m* - %  Cmol.kg! Vol.(%) - Mg.kg? - Sec.
Amount 6.19 729 556 14.41 19.28  SiCL 11580 Extremely 13340

Hydrophobic
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Table 3. The chemical properties of biochar and zeoplant applied in this study

Amendment/Parameter EC (dS.m™?) pH SSA (m%.g™1) CEC (cmol.kg™?)
Zeoplant 2.01 6.82 110 178.5
Biochar 0.96 8.76 75 69.29
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Table 4. Variance analysis of biochar and zeoplant on physical properties and permeability of contaminates
soils with TPHs

Mean Square

Source of variation df BD Porosity FC WDPT PWP AWC

Treatment type 1 161** 2268.75**  9.135** 4412287** 9.083** 1.009**
Moisture level 1 0.37** 56.333**  24.255**  3439141** 1.428** 7.458**
Treatment level 3 0.825** 113.806**  80.152**  5568700**  79.100**  4.130**
Treatment levelxType 3 0.192** 267.250*%*  13.371** 132368** 3.726**  16.520**
Treatment 1 0.001** 8.722** 0.156** 4491594** 4.267** 0.881**
TypexMoisture level

Moisture 3 0.005ns 0.333ns 0.306** 434617** 1.643** 0.472**
levelxTreatment level

Treatment 3 0.010** 0.944** 0.440ns 22054** 1.982** 0.560ns
levelxTypexMoisture

level

Error 0.240 47.354 1.066 2286 1.726 1.147
Ccv 0.394 3.3055 0.703 32.296 0.196 0.409

BD: Bulk density, FC: Field capacity, WDPT: Water drop penetration test, PWP: Permanent wilting point, AWC: Avialable water
content
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Figure 3. Mean comparison of different levels of treatments on soil bulk density (The dissimilar letters
represent a significant difference at the 1% level based on Duncan test)
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Figure 4. Mean comparison of different levels of treatments on soil porosity (The dissimilar letters represent
a significant difference at the 1% level based on Duncan test)
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letters represent a significant difference at the 1% level based on Duncan test)
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Abstract

Extraction and exploitation of total petroleum hydrocarbons (TPHS) led to the contamination of soil
and environment. Therefore, remediation of TPHs contaminated soils is necessary. The effects of
biochar produced from bagasse and zeoplant as organic amendments on some physical properties
of contaminated soils with TPHs were evaluated in Ahvaz, Khuzestan Province. Systematic soil
sampling was performed based on the block with completely randomize design with three
replications. The soil samples were transferred to the pots (7 kg) and treatments added to the soils
in the 2, 4 and 6 % levels. Afterwards, the soil moisture was adjusted on 25 and 50% of field
capacity (FC). All treatments were incubated for 100 days. After incubation, bulk density, porosity,
FC, PWP, TPHs, water drop penetration time and the soil penetration class were measured.
Meanwhile, the variation of hydrocarbons was analyzed using Gas Chromatography (GC). Based
on the GC graph, approximately 50% of normal alkanes are C13-C20. Results showed that the
application of biochar and zeoplant to the soil caused to decrease of bulk density and increase the
total porosity, the permeability of soil, and water retention. Moreover, the efficiency of treatments
was increased by increasing of treatment application. The highest efficiency was found with 6% of
biochar with 25% of moisture content, also the 6% of zeoplant enhanced the PWP from 8% in the
blank t016%. So, the application of organic treatments improved soil properties; therefore, and
have an important role on sustainable management.

Keywords: Gas chromatography (GC), Permeability class, Soil porosity, Sustainable management,
Water drop penetration (WDP)
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