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Abstract

Introduction: Oil pollutants in the soil are one of the serious problems in the environment. The release of
oil into the soil can cause soil degradation, biological reduction, and disruption of natural processes such
as microbial transformation and plant destruction. Therefore, trying to reduce and remove oil pollutants
from the soil is a necessary and important matter. Biochar is used as a natural adsorbent in the field of
removing petroleum pollutants due to its carbon enrichment and internal organic connections. The
complex structure of biochar increases the surface area and absorption, which can be converted into
efficiency in removing more oil pollutants from the soil. This organic material comes from the
decomposition and separation of wood and grass residues of agricultural products using the pyrolysis
method. According to the presented research and findings, the importance of this research was the
treatment of biochar modifiers and the evaluation of its effectiveness in the removal of oil pollution in the
soil.

Materials and methods: The experiment was carried out with pots produced with 500 grams of soil
contaminated with petroleum hydrocarbons (TPH) and the effect of adding different levels of straw and
wheat stubble biochar modifiers on the reduction of soil oil contamination was investigated. Three
treatments were carried out by adding biochar as a control, biochar with a weight ratio of 3% and biochar
with a weight ratio of 5% in three repetitions and at a weight of 30 degrees Celsius, with a relative
ambient temperature of 6% and a duration of 60 days inside incubation. Deionized water is maintained at
70% water storage capacity every two days, and microbial and TPHs are measured every 10 days.

Results and discussion: The results showed that the removal of TPHs after 60 days of incubation was
1.9, 10.5, and 15.5 g/kg) in control treatments, three percent by weight and five percent by weight of
biochar, respectively. The acidity of the soil in the treatment of three-weight percent and five-weight
percent biochar after 60 days of the experiment was 7.02 and 6.83, respectively, which decreased
compared to the sample before the experiment. Also, the amount of soil organic matter reached the lowest
value of 7.99 (g/kg) after 60 days of experiment by adding five percent biochar. The electrical
conductivity of the soil for both treatments was slightly increased compared to the sample before the test.
The microbial content of the soil increased more in two treatments of three percent by weight and five
percent by weight compared to the control sample and then decreased after 40 days of incubation. The
increase in soil microbial growth in the treatment of five percent by weight of biochar was higher than in
the treatment of three percent by weight of biochar. The amount of organic and microbial matter showed
that biochar not only fertilizes the soil and regulates the physicochemical properties of the soil, but also
can be a useful buffer medium for drugs. The biomobility effect of the present study highlights the
potential of biochar in reducing TPHSs to increase its potential for remediation effectiveness.

Keywords: Soil, petroleum hydrocarbons, biochar, petroleum removal.
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Figure 1- Amount of soil petroleum hydrocarbons (TPHSs) in 60 days of bioremediation with biochar.
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Figure 2- Soil microbial respiration, soil without biochar addition as control (C), biochar with a weight ratio of 3%
(B3), biochar with a weight ratio of 5% (B5).

el 5l e Gosee 5 QLS ke S5
OY) o) en g WeENQG Lawgs oals plovl Sliiss cogl e
03gll S o i sl,Se,oun p oS oS L5t &
oS 5l eolaiwl a5 was o plas Budiod cpl @l Sjloy se
ool 0yl i s eagll GlaS Mol e SISl pasS
ms Ogude ;».Cl; lnu.\.j oS s A.‘bou’.a uLu.d uw
Gl S s o mals Yol ogs o cs 4 03gll slaS >
5 Sagd oler ool 5 (S s il S e i
Jhis & o5 cul e ol a5l S ol
Zhang Ll 00 oulice Bees C)‘i‘ 5 ‘a..\.lf oS )" oolazul
ez |y Jlrem o938l cute @ltb 15 OA) o)Kes
Al i olse 4 eadll SSE (Sond SeShy ose
V) o) Kea g AdaMS Lawgs oo slol Glibsd 050503
W 6hleS sladleny 59,5 adlol &5 was . olas
SR 4 e (B Gl Sene 4 oddll el
wST @l ol pdioe SB sndidsis spp 5 S
yob 4 wiles o Jbgsﬂ slyley (0,5 adlal oS wisS
il HA8,00 il Glasle sla Sy seee 0 s
6l lgn 5l solitul a5 WS by (Y+) o Ken 5 Wei

G5 Al g S
ol (538l Caliee mobaw il 45 wms e (Lis alol> gl
el 05y s o S i Soll zals T slaooss
@ ($y Meyd B Somd 4 paS S 5 ol Jlagn 08
pasS S g olS g o] Jlis 4 9 TPH _zals o piics
YL Ls_3.|)l5 O ‘_sLol AR 19 oy dw Cod &
525 Ailgi oo Jlrgm a5 wil Cobly cnl Lo 4y el (Ses
) SoS slagSl o 1y sl slapSguue S
S W, e (V) oKes 5 (goemme oSy dgups
Sl kS 95 4 e Gasem g JT sloles
sl bl 6l (o pae g8l 50l S (Sl
5 05l olS 90 5 Jolo g 15t d(V9)o0l5 cowdl pl Lo
i)l 390 i 4y 039l G (65,0 ple &)
5hoolaul a5 wms o plis Busod cpl mls 83 )8
SR Pl 52l & e b b & lrse
b g &5 amsee plas wBh (nl Logde S
ol 350 SB 650,50 sla Sy sk 10 sl (5 o sine



o

OV RPN [ BPIPYK {FT @wa)}

3,5 gumblSSl 59, 0 5l o o ooliiwl TPH 4 00l
a3 TPH 2als o it & 2 Jlzram (Si9 Sey® &4
) S Lt & g o5 ols (lad (99,50 i g o I 0lge
WS o ek ) S oleendsSo5d ol g aiS e 595l
p2lp Wlgse gySL ly s B e S aSh
# e Jeily pol aslllae sty So5 Sl S
sy O—l Joily b 0S8 oo a1y TPHS  als
Yok 53U (Jl onl b e Gl i Pl cis il
A by Sag 2l e Sl g 993l Do

Sl iy adllas 4 5Ls WeoassS Lo

&l
1. Gaskin, S.E. and Bentham, R.H., 2010.
Rhizoremediation of hydrocarbon

contaminated soil using Australian native
grasses. Science of the Total Environment, Vol.
408, pp. 3683-3688.

2. Hussain, F., Hussain, 1., Khan, A. H. A,
Muhammad, Y. S., Igbal, Mazhar, S., Gerhard,
R., Thomas Gerhard, Z. and Yousaf, S., 2018.
Combined application of biochar, compost &
bacterial consortia with Italian Ryegrass
enhanced phytoremediation of petroleum
hydrocarbon contaminated soil. Environmental
and Experimental Botany, Vol. 153, pp. 80—88.

3. Weir, E. and Doty, S. 2016. Social
acceptability of phytoremediation: The role of
risk and values. International Journal of
Phytoremediation, Vol. 18, pp.1029-1036.

4. Jafari Vafa, H., Pourbabaee, A.A., Alikhani,
H.A., Yazdanfar, N. and Khanali, M., 2023.
The potential of organic wastes in eliminating
old-aged petroleum pollution in saline soils: A
case study in Khuzestan province. Pollution,
Vol. 9(3), pp.1190-1207.

5. Mania, J. A., 2012. Optimisation of N
application for a maize crop grow in a shallow,
irrigated soil. Spanish Journal of Agricultural
Research, Vol. 4(4), pp. 373-380.

6. Brik, K. and Liautz, D., 2010. Nitrogen
fertilizer thecnologies. Western  Nutrient
Management Conference. Vol 6, Salt Lake
City, UT.

7. Chiang, J.M., 2011. Steam distillation methods
for determination of ammonium nitrite and
nitrate. Analytica Chimica Acta, Vol. 32, pp.
485-495.

8. Bouyoucos, G.J., 1962. Hydrometer method
improved for making particle size analyses of
soils. Agronomy Journal, Vol. 54(5), pp. 464-
465.

9. Hazelton, P. and Murphy, B., 2007.
Interpreting soil test results. CSIRO publishing.
p. 169

‘Sfojﬂ L alize ladasrs 1o oals #Mol g 00,550 Cowd
g SIS 550 S e S 0 (S

sislesl 5159, £+ 5l Gm B5 9 B3 s 0 S anol
et ol Bl (1alS talejl 5l LS dised 4 Cad
Fosl o ylagm doyd gy o, wlal L S JTesle slis
S (SopsIh colas o) e G yieS 4 Gialesl 5,
Sl Grall talejl 51 aiged 4 Cond Jlaigs o sy
b S T olge 5 aiaml asls a5 Jb o ol olis
il 1y els o ies BS Jled jo g (0,5 aslol
a5 by ead ady JI sleonwl g o 4 0yl
2 d9zse (Jelge Sl dlge w5 lagn Sy,
Ize o & oS 3 Seo L ST laouY]
Jade rals 4 ymie a5 cawl (H20 5 CO2 wssle) S>o8
el olie lagd (gdke Slge polie Byas 09l 0 SPH
a g Sl o Jlole glgime o8 0h sl 050
FE ot @ ol bl el s B e
3 sels jles jo JTolge lyime 3 S PH o o2
lyeis gl IS job s ssalice Liulojl o090 pla
5 Sl CEC 5 313 ol 08 51 iy s« asons
Jols a5l a5 iz |y lgSeae W kS o
S S o Lais bapeandlS g Koo 6l 1y S ansST
il odle il TPH Gis o age Jule Wlgioo
TPH i oolical aiiS oSaie Wiy o S piapussS]
0l 05,5 5l55 b Slilllas il b paedlS g Koo Lansgs
S5 g el gilio iy gl ot el S CO2 g a5
sl o051 slo S o L g Koo o

B3 Jloss 99,0 S (09,500 i (i« S 4 4295 L
e § 8l al38l g 05 4y sl diged 4 Cos B
3 Sl (e ol 28l 1lS (9SSl g, B 5l
2 el (S5 lazme 5 S50 (lgl8 (930 dlge 4 muly
Slasi «oligS (6,53l 0,90 S 51 g v 75 adsl (g5l
59 Yo BV (e )3 e @y oaiiS a8 slas iSL
S ok o el S e 4 -
Fd s 459, el e b Rl s JB b 4
Gae Olge 28l L lapedlS )l S (S Lame 0l
i Do depaslE g, Se ols, 3 PN L asile
IR T [ NCE APt SN
s 5 S s BB s 4 5 el 59
s il s 4y 0g)] S 31, s el Ko

e Sl poS IS 5 oS Jlarsn il adlllas ulul
Sk 2ol gln 85 slagn,So s a3 4 i



[ JKoR g (238 ()

YF+F olo g9 e NOY 0;lods (o ) bxo (55019555 g pole

-

10.

11.

12.

13.

14.

15.

Ghazan Shahi, c., 2006. Soil and plant analysis.
Aizh Publications. P. 272

Zarinkafsh, M., 1993. Applied soil science.
Tehran University Press. P. 247

Summer, M.E. and Miller, W.P., 1996. Cation
exchange capacity and exchange coefficients.
In: D.L. Sparks et al. (Eds.), Methods of soil
analysis. Part 3, 3rd Ed, pp. 1201-1229.
Walkley, A. and Black, LA, 1934. An
examination of the degtjareff method for
determining soil organic matter, and proposed
modification of the chromic acid titration
method. Soil Science, Vol. 37, pp. 29-38.
Andreasen, J K, O’Neill, R. V., Noss, R. and
Slosser, N. C., 2001. Considerations for the
development of a terrestrial index of ecological
integrity. Ecological Indicators, Vol. 1, pp. 21-
35.

Mohammadi, N., and Khademalrasoul, A.,
2020. Investigation of Biochar and Zeoplant
Application on Mechanical Properties of Soils
Contaminated with Total Petroleum. Iranian
Journal of Soil Research, Vol. 34(3), pp. 407-
418. doi: 10.22092/ijsr.2020.343410.536 (In
Persian)

16.

17.

18.

19.

20.

Ebrahimzadeh Omran, S. 2014. Improving the
hydrophobicity of oil-contaminated soils using
biochar. Master's thesis. University of Tehran,
Faculty of Agriculture. (In Persian)

Weng, Z. H., Van Zwieten, L., Singh, B. P.,
Kimber, S., Morris, S. and Cowie, A., 2015.
Plant biochar interactions drive the negative
priming of soil organic carbon in an annual
ryegrass field system. Soil Biology and
Biochemistry, Vol. 90, pp. 111-121.

Zhang, B., Zhang, L. and Zhang, X., 2019.
Bioremediation of petroleum hydrocarbon-
contaminated soil by petroleum-degrading
bacteria immobilized on biochar. RSC
Advances, Vol. 9, 35304.

Adams, F. V., Niyomugabo, A. and Silvester,
O. P., 2017. Bioremediation of crude oil-
contaminated soils using agricultural waste.
Procedia manufacturing, Vol. 7, pp. 459-464.
Wei, Zh., Wei, Y., Liu, Y., Niu, sh., Xu. Y.,
Park, J. H. and Wang, J. J. 2014. Biochar-based
materials as remediation strategy in petroleum
hydrocarbon-contaminated soil and water:
Performances, mechanisms, and environmental
impact. Journal of Environmental Sciences,
Vol. 138, pp. 350-372.



