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Article Info Abstract
Petroleum-based products are the primary energy source for industry and daily life.
Article history: However, leakage and spillage frequently occur during the exploration, production,
Received: 16 June 2024 refining, transportation, and storage of these compounds. Soil contamination caused by
crude oil is a significant concern with worldwide impacts on ecosystems and human
Revised: 27 August 2024 health. Various biological and non-biological methods have been developed to remove oil
Accepted: 10 September 2024 pollutants in situ or ex situ. Meanwhile, bioremediation, in which microorganisms break

down organic pollutants, is one of the most efficient techniques for cleaning soils
contaminated with chemical compounds. Bioremediation is an emerging, sustainable, and
economical technology to maximize the metabolism of organic pollutants, especially
Keywords: petroleum compounds, and minimize the ecological effects caused by their spills. The
objective of this study, which was conducted on a laboratory scale, was to investigate the

B1.oremedlat10n, impact of different factors, such as soil humidity, nutrient ratio, and inoculum of
soil, microorganisms, on the biological treatment of sandy soil contaminated with 4000 mg of
diesel, diesel per kilogram of soil. The performance of the process was evaluated in terms of total
bioaugmentation pqtrolegm hydroc'arbons (TPH) removal efficiency, sqil microbial respiratioq, and soil
’ microbial population. Three doses of Pseudomonas Putida were added to the soil as a pre-
biostimulation, adapted pure bacterial strain. The soil was also stimulated with three levels of ammonium
pseudomonas putida. nitrate and potassium dihydrogen phosphate as nutrients. The obtained results indicate
that the increase in nutrients available to the bacterial species improves the growth rate of
the soil microbial population and subsequently increases the oil pollutant removal
efficiency. Due to the high TPH removal efficiency, the appropriate rate of microbial
respiration, and sufficient final microbial population, 8% by weight humidity, the nutrient
ratio of 100:10:1, and 5% by volume bacterial inoculation was determined as the optimal
value for the biological cleaning of diesel-contaminated soil by Bioaugmentation and
Biostimulation process. Under the given conditions, after seventy days of the cleaning
operation, the TPH removal efficiency reached 86%.
Funding: This research did not receive any specific grant Author Contributions: All authors contributed to the
from funding agencies in the public, commercial, or not- reported work for conceptualization, methodology,
for-profit sectors. validation, writing-review and editing, and supervision.

Conlflicts of Interest: The authors declare no conflict of
interest.

To Cite this article:

Karim, S., Mokhtarani, N. and Azimi, S.B. 2025. Bioremediation of diesel-contaminated soil using simultaneous
bioaugmentation and bio-stimulation processes, Sharif Civil Engineering Journal, 41(3), 13-23.

https://doi.org/ 10.24200/j30.2024.64744.3340

E-ISSN: 2676-4776 © 2025 The Author(s). Sharif Civil Engineering Journal, Published by Sharif University of Technology

This is an open access article under the CC-BY 4.0 license.


https://doi.org/%2010.24200/j30.2024.64744.3340
https://portal.issn.org/resource/ISSN/2676-4776
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://sjce.journals.sharif.edu/
mailto:mokhtarani@modares.ac.ir

Y. me AR ¢ /H.yl; & oyleds FY (go,90 wiy b Q‘)""" (e (sole Gal=o

gy (3] p0 (owiifen (oode alxo .| o |

https://sjce.journals.sharif.edu

i sallie

Ol (o 35y 9 g gl 3l o0l b Juigil5 @ 009l S YL e

Y . Yol st of fue <
‘so..»..l‘a.:o)l.@o.\wg H @|)Lm)ob;pg.;|w
Ol el (e Sy oKl iy jlasme g ol e (owdige (S00SLS HO

. . R T N o ¥
U‘)"‘ ‘u‘ﬂf PR e P oKisls ‘u.....i).]a.ﬁ_’xa L_;omb.;

.L‘)lﬂl ‘Ol)'?r". ‘W)M cbla> OLa)'L“: ‘)1..\9'[.3. (Saxwgi g W)M 60&&75}& ¥

(mokhtarani@modares.ac.ir) Jgiwe odiws g™

R Wlio cledb

wilizes Jolse 31wy p pol> Gimghs ploil 5l Bas aigd so G jlame 5)ls (s00ate Jolse &b 5l 15 slaoas VT
Jso38 mg/kg) Fev v ongll glawls S oYl 5o (el enslE g oo g s dse Slge cushy it ol
Sl poeinel 5 (029,50 S455 Olyioar quale Lo )0 aBLELS Mgy (uligegges (stugms Sl pol (gl )0 Sl 0dsy
Slge (yial38l aS ol ools lid uls .l oads oolaiwl jaud g (59,0 ae (lsieds o Sy Dlawd 59,0086 paliy g
6o..\.;_3‘y>| B> ()L‘M) u...\l)sl ‘Q] JL..;.) LY’} S @3)5“’ Coroz 3D, TP Ot g0 ‘6)"5L‘ 6“35? BB Sdso
Oleedy gozx> 10 liee 4 (655 zdls 4o C:N:P=1eer e gdas Slgs Cos G35 A Cash, (ol (29,500
4 TPH B> jleaily g, Vo (b 00l S8 Jasl i 10 .l o0 (pnd j95 0 b9y & S (55leSl cpz aige polie

VP X7eXYY s edl o &,
VFX/08105 : audol & yb
VEX/ e8I 1 Gopdy Sy

igoals B 5lg
(s Y
SB slest
(S 353 2

el ool Cassts ZAF e Jaigs oligagsgms

S g Sy sladol, (i sleoan¥T pslucd by (ol
Mg pdyplnl o by Jowe 5l @)l & g0 45 wi)ls 3929 Eoiio
a2 lp sl s Soe 51 ol jo a5 o¥heen ol cal o
SeSL aal) 5 s sla g, 5l S gd oo ooliiwl JT (slasassVT
S Vb Plog) oo Jledias sl slocaS 5 @ ooyl oSl
ooV pucdglin usluaciio slp golaidl 5 Jlul jsebs 5k
et ) A SIS BT 5 latienS 5 B slanS 5 popaer ]
Jelse s9a> 53 (09,50 Sglie slacallad p (Se pu3l ol colag]
ausle sgi GMOMYT J:..\A.: 6‘)? ‘a)‘y é‘&iﬁ olyo 9 A Lgi;)5J95|
o9y blze 5 Pl s o slacaS 5 & Sge i lag,Sy e
oo gosle 4y g o g5l S sla b, S0 S & R gt
calond 5 (Suid o iy, plo b plojen goolinnl Sl (555585
5 oun ¥l Lol o5 ol eyl syl slaanie (s Gomi0mb
(Vs S ] a0 i

Az o jlass jo S5 Glo e )STs e ool polie HLiasl JJods o5g )
Sl ‘(S;L...J\ sladls Jl o b g cw c.:L...o Gk 3l s2olaigbay
S a5l o s ez il S, ¢ oogll (sloaols

doddo .)

OS2 Jig Joz g (55l 1033 (VL (610 0 e (BLAIST (> o
G glaeaS 5 a4 Bolal cuis b g ol wlidee s 4 S el
Sloir S 9 sl o] slagiin 5 pl s &Sl 4 4255 L1 ags ooyl
@l Slge puizmen 5 dagllinl dacn;) «Sileg,l 5 Sl
looan VT jlasil sites Ui 5 050 Ul o3l o3 et (Sl
NasTion Sl JalS 5 olilya colasl candls (512 058ll )b o
Skl o oz slsse (B s j5The slavs i [T
6oz GG Carge w00 2S (SuiSTy 5 ok Bk (2l
(b slegiie ol 5
o5lgem (25 slroai ¥ 1 e Olyiedr 5o g b I ki (JigilS
Sloduzy oS 5 J:‘jsjlf[a]-“'“ﬁ% Az g 090 (S jlame sla S 50
5 5l Jol Soles )T slaceS 5 5 sl «sladli (Jloy slag ST
) Jsl el sy T ol s (sl ol 58 solaslos
Seileg)l glocaS 5 4 byrpe 55 o 51 IF o0 g caimo oo LSt
oyl 5l o 45 el ISIT TA+ ol Goee os)los Juio38 Pl
Masies ol lag ST 153 o 5 Joys slap ST

gdso Cmjlame 5 Cllagy soje> )

il 4 olcewl

) i 8 e swiige Gloipd a5 Cusi jl eoliiul b LSgilE 4y eosll S ¥hcens AFF w0l s anbic 5 4ol (lie dproms qe,S

https://doi.org/10.24200/j30.2024.64744.3340 ¥¥-\Y. ae

s © Hgo 3>

(OMOM

[ RO e S oKl syl

YEVPFYVSE Sy Ul L


https://doi.org/10.24200/j30.2024.63829.3289
https://doi.org/10.24200/j30.2024.63829.3289
https://sjce.journals.sharif.edu/
mokhtarani@modares.ac.ir

IS 5 028 Lo = lejed (g 35,25 5 S 5l ool b Jigil 4 ool ST oYt

Slge (9,5 LAl L cmdnd )5 05,00 ety bagn S5 ye0 sy plendl,
Sl sksyee polie 4Ci Py CiN gbcaws Sie sdin
sl g0 050t s 8,Sos 5 digh g0 205 lopusilS s Sece
OlF s |y (350,78 9 (S jCugli by 90 &5 Cawl p3¥ S35 (]
S 398 (oS 3 sl ygls [T LS sslinal ol b e 900,
Ak S (o 0)ls S Las a1 Jlad (loig ;S badd &5 g 555 25 5
Sgute |y S (S5 b aisS S0 |y oy ooy ,Soo algs oo
Olesee 5 Lame S8 (iagsy po (YY) ollSen 5 M ole [Mhacesy
1S 90 41 03501 S (Gachal 5 (S 350,70 5 (St ja58 Sl
IS a8 wleols lis 5 00,5 syl |, (PAHS) (slilaiz Sasleg)]
i plesly arg BB WIBl cage GeSde By g0 Olejen
(Mg oo 008)1 S 51 Soslag | sl ,Ss,0m

wa VT edalé loj sla ol )b 51 LSg35 4 eogll slaSs (o5LuSL jo
ods 00ls Lausid o e pi Gloasly o lagyT el 51 g o5 5SL g g
Sl s s gi Loy S 5 JuigjlS sty i e Ml
Comez olyieds (ligise il alisagdguy G0555) oo jlapuS| it o5
Lo (Y0 ol en g coutlpl Mlaslons Slolis anlp o e
SPDBY-1A (slagl 4 ito )5 (551 (saup VA lilids 5 (s5lula
30 5553 slas 8L aS wilesls oylis s dlge 4 00gl S sladiges
" obbgine (oS o as) 65wt ©jp0n (25 SlocS 5 jpa>
0351 SlocS5 5l otlaz (sl )lg Ss (5 5,54 (Y4 18) Ko
b s Sileg, | (slacaS 5 4 09l Gblie (luSTy cgar |y (i olge 4,

(Y 53los 5" 555 5o e Yhmss by, 5l ooliul

PSSz Gy & JgilE 4 eagll S Vb o
Clle b Jlb ol 5 (59T Sle b S a5l 51055 5
i i (TPH) 285 o S5 )08 IS S plaaily (0S0bee o 535V 1
3 dol ol saods Meid sass Jol> ao)o ¥V 4 F-/8Y ol 4
S i) GleSL pgas o cadplxl Gldlas 5l 6,500 slaw

ol oo &51,1 Y Jgdor 40 5 Slge 4y 009)]

2 n_sﬂ looasY Orredes (S gla )9 a0 jlil aS” el les
oLl Sl osliiul g d go guime Lis jul s ;5 (S (SlopianssS]
Sawgs g eoladl glaoly 51 (S s (Sogll els L Bds gl
oxiiS i slas St Ll (bl g lulaz g el o jlaome
6555 b cnl o Ml L3l (3g) 5l eolitul o a8 cptads s
Sldel a8 sl Jlozcds las 2L ale 5l Ly olipogige (529,500
slach 5l golaas 09 oo gliinl (i lacn S 0en 4 03gll Sl
a0l 5 Wl b Se s b cuS 5 sl sad Joe 0al 53 goolsils
M gien Sleg,T slacaS 5 g o895 oS dSenad T ol ST (g4 52
Szl abor 5l lags (S p Gl Jdsa Ly olipesse sarse
29550 Jladas g lan e 6555 00, po ¢ Ik (50,1500 (goniiS ey s

¢ Composting

7 Slurry Phase Bioreactors
8 Sun

? Pseudomonas putida

10 Sadighbayan
Vo

Glacn Syyn 4 oagl Glasls Wl Cuz calie 3,509, (i
@5k aey nl 5o 5ok 9)lee jra (Jl (nl b 0gdor gne (S5
Do ls Siogs 5 ooy

doiles (b oo See a4 el s G (il
bty 05 oy ol oagll lamms b conlie (69 001, goslins
Slpiiig S 10 S92 g0 i soas ¥ Slus) s io8 Cu ) sousie
@ Ol S (G leSh )3 g slaonl S n S 5 ool
TVelS T st TS N (Saen)) (e jusEs
Azl (85,588 (o 90 23k © e IS 5 S (29, 40 (s3LeSy

D58 o Lal Y olegs 5 (sla,538T5m 5 & CamguaS

bobasms (oales o baae Lo SIBIS slags sl slapmnils g Sce
Slas esole Lyls 5 Ygane Ll i )ls 359 0ogllé sladass 5l el
FIN R INE SUCHUVIE JRNIER S ISUNET X S
45 b i iy Sl @y i dlis (pl ool Sl g 52l
okl g slasyaly S (S Ssbies iVl ol 5 ol @
ol .ol ogll Laors 4y oud ool glagunilE lg Sn pedls « o5 JSie
Olesily Gl Bua b o Vb SobB b slacg S b S il
B U U

el 529,80 Copraz (yeali b 45 Cusl (63l Sl 45 Sy a5
sl goaxin slmosu VT« sl Jlo diz 10 33le oo JuoST ) i s 55
9t 5o I stlond Slse 0k olasd 5 (b8 sloeS 5 o 250 i
gy slee s ojlal a5 jeboles Maloas aias g jeusis
oo 4 ol 2LSL L g (9950 sladiss oSSl ju gl
su @lly S serse (e Sl e Sl o3yl
oyl codled 5 Comaz Lol ciylo |, S5 0 55290 dlgo 3l g (so0g0200
ol 3 0y on 3 il o e Slga olj Slaclal 392y 9 5
S o (oot b o ol Slapeil g See (oga
s pledily b asilyi oo 9w ga HLis 995 5l Caons Pl 50 VL
Wylge 3l gl 0 oS wims 1) e [0 99290 (slooaYT (g YL
Lss (g5lecSh g S slaoan YT Bi j0 aal )5 (60 pl ) o s jo gl
@ 2hoad (S jusB (Be)k S SieSh S saSS e
ol wige 6ol Slalllas el gl 3 L S ez b osgicas
slp ssee gl 2als boadsl ooty Sl o Conl S5
olosily Gl O @ity 5 oVl (w3525 €55 S50t e 5,3l
[m]~°5*i’g5'° i

e 50 U;‘Jlf Lso)‘l..\ﬂ 4 od.;g}” GONSS 4y 528 Loz A5 u;lmb“’ 5

oS aeles b e ol byl codled oy Lylys g ooyl jpam
SLpans (815 S0 Lanogs 00T g 540525 e poo g5 o0 (Sanme Lol
Dyl oo AL € s 350,z ] a8 wls Liul3l 1) lae 40 39250
Oil8l Cgz po o jlailinl (Lhgy phad g G3s s pdal (gdae dlge o938

! Bioaugmentation
2 Biostimulation

3 Bioventing

4 Phytoremediation
5 Land Farming



Y. me AR ¢ /H.:L & oyleds FY (go,90 wiy b Q‘)""" (e (sole Gal=o

03g)l S (w5 (Yl & by yo Clindions plw guli 1) Jgax

Initial
Pollutant Concentration Used Process Time (day) | Removal Efficiency (%) | Reference
(mg [kg )

Diesel 2150 Bioaugmentation & Biostimulation 28 70 [20]
Crude oil 29500 Biostimulation 84 61 [18]
Petroleum 14000 Bioaugmentation & Biostimulation 140 80 [21]

hydrocarbon

Diesel 8358 Bioaugmentation & Biostimulation 120 96 [5]

Diesel 100000 Biostimulation & Bioventing 28 91 [17]

Diesel 1100 Bioaugmentation & Biostimulation 30 44.5 [29]
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