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1- Bacillus Megaterium
2- Bacillus Subtilis
3- Psudomonasputida
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1- Plate Count

2- Nutrient Agar

3- Nutrient Broth

4- Total Petroleum Hydrocarbons
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1- Split Plate
2- Biostimulation

Ve


www.SID.ir

OlySeR 9 (Swrgd 1 g0

5o UTPH 5 s 512 8 e £ 5 5l gn 43285 53 pag e d“(w—}‘fub& 3958
Tl ols L s Al e (28 Slge 4 0 SWEIY dungj\)ﬁcp 3958 S 4
S 3ot ST w25 53 kol sl 5 g SIS sl sy olga s Slais S
(7000 K 5 e Yoo le 5 als) Wlanils w50 digy 53 (6,13 ime LU 5 035 Lide
e ) s Sl VB sl b | e Lyl 5 3 5oy of pop 4 LS5 505,50 559
a3 3y SSen a0l U35 Sl gl 8 038 ald 5 g e SL il oS 5y
55 0l W 5l da 1) TPH 288 do s cp 550 VY e 3L 5 55 o Seods stNT IS
13 0L bayles le s Y slasles b oaglia

S S Skl 551wV 0l dsb s s S olend 35058 S S 55 Sl uiS )
Dl & e Gsed ) 23S e D g L 5o el SLAICT 5 (s Sle 6 S e
a3 S glr 0l Sl 3 ph s 5 Sl S osded g 3l 05eS] B B AS b Ol
SlaeslE sl Koo Cdlad (gl O3St Ll w53 00,8 o Do ilen Il s B sl
3 2550 O5emSt OlSin 02500 Gosb S (a3lsa L.(YY 0L 5 L) 550 ol b oS4y 5
Aos WA L 0l WY Sl dey e il 0 a8 2l s gy Sk w s Gl
Csbe Sl s ol 38 clBigilesl Lisl 55 .5 S 1y galS i glacy Syl
s 2l 358 0l @3Sl sy oS Sl (O 05,8 wlsl o jen w0 (o355l 20 O5)
55 Casby 5 Osls Ol gl p omies Jles pl 88l s 23 S e ol 4 ke
03 amse Slaplbilng ss (G G Saods S Aoy TV/0 Jlals Lol ol s &
Aoy YO-AY) Canlis Cosb)y jaa 5o 4 5o gl Cosby 4 5L s S ol S
25 S e SR S S e Wy Sl Ol sl (S s O e i b
PANE| ISP R R I BGOSR A ) T Y] BT COW S SN W) SR | S COW P S Wy
sl 55 bayles cpl o S e 358 Sl s amla of op NPK Lls 8 bl ol
ol adl s S W S5l Ol CddS L Ll e e Bl 6,0 SlS St Sy e

b ed S s &AJ‘jﬁjg_.)T Lol ol o (0 JK0) s sdaline aj)les den o gfjjﬂ.:i.?

1- Bioaumentation
2- Bioaumentation-Biostimulation

4!


www.SID.ir

IFAY (£) o,lons (¥+) s STs g Of clin glo yingiy & i

Jols lsless s2ra) Laless ol 53 (SIS a5 ol 3 Laplil s (g ol g 5 05T s
5 gl s Sialasl Laslsl s poman A2 sdalio oS 5le 4 (o)l SLt ol an & pland slas S
s lasOlis 45 A3 edalin gaile Al S Slrans hais, e glajled s GbaollS 5 s
ol s el w6 3 S50 plend glassS 55 SUl ) cids ol sl plomil 5 35 S ez
355 5 oIS e bjless 5l dm G 4 SRS ) Lol is (ST zals Eel il
a5 b s A sdalie (SIS 51 o3 el ol lasles s il 03530805 Ol Sl
ol Gl sbasS 5ol St e ST slse i e 055 Cotl S lS Dot SbE 03 S
o 53 (VU O 5 Sl olue YT O 5 LL) aiss o S Olatle 55
S Ol oS Sl e el b Sl Jge il slgeia 2 03 s 8 ) sba
GlasS Joli glojles @ s O 358 LWl (P1) (GDes 5 05 ,2) S oxlizal (gie osle
e o Ol 358 oles 0 @S Jald slales s sy S s JMEs 4 glend
ol ponts Sk Glasles bl 3 oS Sope 5o b sdalie Sl ) 53 SS w8 S

s S il Oyl Ol alie Sl is J1 5 bt slas S

Loyl adyl Jolpm 53— g sl Jol o 53 =) Ob) 4 o 03 81 S K5 Sl i ) S

» QLG) B ko dLA)L«:: Jj‘ O Ao \ c‘a.u BEl L;)\Jul;u Q;US ‘&l{‘)‘j A{‘fﬁ C‘"LU
O Jsdr) sl LGS adsl slacp Ssodes IS lde 55,

wy

WWW.SID.ir


www.SID.ir

OlySeR 9 (Swgd o1 g0

Dby S8 b ilises glajles 3 S I 4 by e il 4 Y Jadr

F ol Sl e Sl Dl o § gome s34y s b

YUvyFE £210/09 EAVAV/\VY VY la Lo

qrygy EXEALIVEN YTAOYY/NY \Y Oles
a\% Vo/vo VEE A/ YY Vis Oboy X jlag

--Lﬁ‘;b\ CEM]J) Q>)€ J‘) . %

sl tals bajley 4o 55 Ci e Oley b js @i e sdalie ¥ S (3 S b0k

s Sl JdlS Ao pn 5 a2 Ciles lajles 31 80Le gl 5 ¥ IS8 @ a5 L

BLETEY LA)L;,:S)‘ ffu:-’Jbu“*” ijjfst.: Ao > 0 C]a.,.)b)LSD ULJJA.:A,:JJ‘)‘J&AM
D) 6L 5 O0) Sl + 58 g e 1 i 65U B S Jales S e

A{RJJJ\)J;‘UO{)SJ%L@QWSJ){M)JVij.)wa)bvo Lw’ﬁMQJJUIALSM)J

St ot (5l e V) (s YT) 6)fS1 ol et o ol 05 gl 03 ol

v
X vo.
)
3 Y&
Q,
fa)
o
s

14
“,
fo)
3w
N

Yo

S (Lo ys YY/E) Sls 558 + (5 ,SL

Y=—8/TWVXAYAY/

Y=-0/1FOX+Y1Y/E Y4
RY=+/As¢

Yoo
RY=./4¢4 e

Yo+ 4

Yre o

uﬂ(;)\:«ai)lﬂ

(S ¢ 5y

g)bfujl;;)wjbg;ﬁ&hls.h})(g

YY Y £ 0 T VoA 4 e Y)Y VY

VY Y £ 0T VoA 4 e )Y Y VY
oL ol

&M}"«SL})L@):Q‘L’&KL”(Jl

Yy


www.SID.ir

IFAY (£) o,lons (¥+) s STs g Of clin glo yingiy & i

You | Y=-£/AL4X+YL0/A TV Y=-£/VYaxX+YiY/0
% R'=/474 X R¥=+/vvy
5 v 5 ']
§ 3 Yy,
Y. a
2 a
% 2 YV o
R :
N
V4
o \ "
3V LYV
g 9 v
ALE T T T T T T LEE T T T T T 1 Vo T T T T T T T T T T T T T
N Y Y 8 0 T Y A A e YT N VY Y £ 0 TV A 4 N Y Y
Ol ol
Sl 28 sles 3ol als Ly, (& NPK L 3 b mals Wiy, (o
e =—$/04AX+YEV/)
Yoo A Y=-Y/AOLX+YYE/A y= +
Y=u . RY=v/9.1
% RY=+/Av X o |
5 2
} 3 Yy,
a %
< oYY ]
x 3
] > V4 ]
“ ”b
bWV 3 v
9 3
VY Y E 6 T VA 4 ) Y Y GOV Y T £ 0 T Y A 4N Y YT g
ol ol
NPK+ il 355 lagd )0 Sl als L, (7 S las o sl Jals L, (&
e .
Y=—$/0TYX+YOY/¥ v y=-t/+ X+ YEV/E
. RY=+/ar
X ven | Ri=./agr X voo
) )
5 e } e
2 a
KoY\ LRI
pe pe
Vae V4.
) M A
% we % W
Vor T T T T T T T T T T J ' ' Vo T T T T T T T T T T T T T
VY Y £ 0 T Y A 4 e Y Y VY Y E 0 U Y A QN Y Y
Ol ol
NPK + il 355 +o )l Sbt sl s o 2alS i, (2 NPK + ,[Sbt o 53 b 28l (¢

e


www.SID.ir

OlySeR 9 (Swgd o1 g0

(S8 var 2 p8) b Ol e

(S 08 var 2 S) s Olje

YV

Yo

YY.

Yy

Yo

Yy

ARR)

y=—VUNVX+Yo WY
RY=1/a14

VY ¥ £ 0 UV A 4 e )Y Y
ol

NPK + (6 58U jlas j3 o jials Wy, (o

=—£/AVYX+YYV/4
RY=+/441

VY Y £ 0 UV A 4 Ve )Y Y Y
Olej

IS+ (6,50 Hles 5 i Shals Wy, (G

e

(S S Ve 5 pS) Sk Ol

YVo
_‘_1; Yoo
s}
‘j v
%N

<

XYY
s

v, e
<
K
Yoo
Vo
Yo
X
DY
M,

Pl

kN

NN
\,

Pl
AW
3

Vo

Y=—1F0 X+TEA/A
Rr=+/a71

Y Y Y E 0 U Y A 4 Y MY Y

ol

S AL 52 ks Rl Ly, (&

1 Y=-T/OYYX4YY /Y
RY='/ary

TV A 4 Y VY Y
ol

SALH Slam 258 Jlad s3 i JRals Ly, (G

y=—£/08YX+Y£4/0
RY=+/aA1

Y Y Y Lo

NPK + oS + iy

TV A9

ol

Yo Ny Y Y

:}5+L§J;51{)L~.§)>;~LL);‘;A[5JJJJ ()'

G b ylag amn s 0Ly W b s o ialS Xy, Y K&

Yo


www.SID.ir

IFAY (£) o,lons (¥+) s STs g Of clin glo yingiy & i

IR
vo abe ab ab ab ab
v be be bed cd cde

Yo

Jsl Qb)qcﬁfﬂjcﬁbgi,hls.k.p):
1)

IS adsl 5l 4 s 0oy VY 5l dns i RS o 53 Rl anglie Y ISS

e2y3 0 o 53 LSD gy b bajles (skueg S 9 sless aeb )3 (S p S g5

5 e s i edalie ) Sl L3 S Ol 3 (G b8 Y Ol b ol 2T K
Loy dals asls LS ol OF siasplis &5 ad sdalie O llis 53w i EalS Ol
3 el pl) S s )l Ll s Sl el gl LAML?)}\);:A 5l e Gl
ol b s p elis 6Ll glosle 2 S LY Dl o =Y IS s s (Y oliKes
Sl Sk w3 Wb Co w8 A3 s Gl e, Rl il Oles s el
0 Sashy el 3L S Al S e GlaelB sl S (VL LUIS eesOlis (b
2 s S R S Sl e 4 o g ol S wes L Gk eds S ol
Ol | 5 glau e L (LaalS ds 3 Y1/0 L) Jles ol wamen Sodls s S5 Ol 2alS
e ol Sl Slacn S osden e 5o Lapldil ) b i o 25 5 (Saslen iy ()l e
5 S ebe) dase SlBl ) Sasle e 55 O5mS wosb) s L Jlede
.(V44v ‘g’-’jgf' Yoo Ol

w1

WWW.SID.ir


www.SID.ir

OlySeR 9 (Swrgd 1 g0

b les 4 ol LI (gdine 3l 90 839381 J1 )

ol Wi Sl Jaals el o ialosl cpl 5o ot 4 S 80 pland slassS 1 glund las S
el 0355 303 Ol (g 355 5 oS Jie golpe Jold glaslas 3l ada S 4 RalS
S Slag S oot S RS Wy, 3 €l 5 lind gla gl S ass Sl s IS A
& bt slas s 055 Blal > ol s &S5y sba (Yoo} OLKa s | pdSSul) Wiles 5
S el U,:_,JMT 5 Ol Kl Gdae 00058 eomes LSl adll &JT sy a5t 53 LSJ‘:U
Blo plil 5 Sb (raml ol 035 oS (St Bl 53 39 50O Sad clale 51531 el
o351 S EC Jiagss cnl 03 emmen (Vo oA OLSan 5 (6l 255 a o 38 515 Sn e
Sl fals el am 3 5 odd S O 58 Canw plhecd lassS Sl eslanal 5 esp YL
el 0D o B 5 (o D2y e

5 P 5,S5es (0 51 lajles) sp okl Wlol oSl Lol @ &5 sl 10,8
L oM ke IS el er 4 o SLOE oS L e ddls 2 lagy Soodes 4
G b glacy Soodes w5t Wgh 3 5 (2l 4 ol s bl sy L 1) ok
Sl) Sbt 03,5 Su (S5 TGOS b bl paslpa L Sl oyl Lol
a3 5 o dd S as 8 oo Sl sl S Sl 350 O Cusby b 5 (S5
SO OLs 5 Shgiaboe ) OLKan 505 ,2) das o Jill | Gl e 4y
i L Sl Sk (Sl s s el T md 5 L eSS S b
5es) ool Sl bt ey TS e LS s g5 slan Bl e S e
03 5 A58 e Sl anli Sy lan T s L Sl 8 glae VT (Y)Y 0liSan
D) dipd e Sb s el Cdlad 5 SIS alan 2alS ol ((So T Ll b o ans
Loy (sl g S8 5ol e SiB  slee 4 5o S Sl e 5l SO SIS (YT
JS s e o e Sk sbacdls gl oY 550 bl sl bl S
S Sl Sada IS aad S8l 5 Cosl e 5 oodkd Opas (28 lacy Soyda
OLSan 5 09,2) 55 o0 WaeandlS )l S 5L 5,50 S48 Jlaie (2l Coly o IS 555

ol Bl 2 la S sd 4 e e (Dl ge Sle S8 ool B L s 5 (Yo

Yy


www.SID.ir

Sl s s Jele S Olgsa o)l S 5l eslinad Cleas el b amas L
LS s i glacy Sl o 4 el S Olsea Llg e ol s

.:J.;)\Jsa;um;)}‘w;)ﬂ
S slawd 5 (S5 Cleosas 35 Bbha Sl lasss 055 6lol 1 gl g 568
):)LQMKJ\J;:A Slp G5 035 @l 3 St S ol 5 Jeged (S Olazslo 55 cakar
ey A eslanal Sl 38 51 A olajles o A3l e S sleas o9, SKe E et UiS 4
L oand Gl b Gl 358 (s IS 5 Canle 15 3,55 i 4 5SS 0 48
St s S 5l ale 5 S DAES g e 30 4l O sl Sl o a1 5

5 5t
L i) e & G (ol ST 53 5550 205 LgLauf_sjﬂ Sl 5l Gl pess sl
5 Vsb Ol e Sepl lsw 5 cils Sl ds 3 ¥A Wyl S S o0l 5008 55
s Jy s s S5l Jasma L 0T U3 30 54 (slapandlS 55l Sn (28 o 0T 02 0341
Ads Gl w0358 3L @ S st oYl 555 L CIN s 2153l
Blol S WS oy O Kaags Ldl o 285 Glacn S a0 4 30 a0l s g go 5
5 55l dms e Gl L S8 5l S Jas 55 15 2y Sasder slaed VT 6 an (T sl g 03,8
55 5ok Sbt glaztle 35 cun JSlam sbas S 5 o S e T slge o (Y00 01 Kes
S b YT O 5 LL) 5ol page S8 Gdae slge 5 O5nST (Cusb, b 5 Colg
LS o il 8 ety Sasdea S 4 50 5 sl B s s 4 (V01 OIS
Sl o ol s il o 5 3L 3kt 2 laod VT ke o (63050 )5 ioean
IS Ao el s Glr o e L I 28 Slge e Gl o3 Sl s
Sty 5 Sdna slpe 055 LN ol en 4 LIS e 8 Glag SL S el 2 glagy S osds
3o b il Jlb o g0 a5l S0 Sl oy 03 e b8 G050 Jame Ll 2
PH adsl slaie (8 B 5o b 5 Cosby (gdae slge 038 Lol sl gn abex 51 Jams Ll 5

YA


www.SID.ir

OlySeR 9 (Swrgd 1 g0

A.L.q.})‘ dej& 6@6‘.,\4\)4)@110‘).@44&‘}:} st ;eﬂdl’-d&db\jﬂ QJJS .bj.k}:ﬂ ch“uL:
Blol Sy ol s sls a2l | i gbaed VT 2alS Wy, ot Jleb glags SU

e e Rl e gt 5 e Sl sl s b ) Laen S sl s I alse 055

S ol Xl
05,8 3l Olglgy 55 5 01,6 oKV o3 oo Cbli oy o2y 3 iligs QLG
°j}jﬁ. Ui\ B @M\)}é}&aﬁ;’&bm ‘UKJ;J"""}&CL‘)LSJJJL‘:‘S c@‘: uT u.w.)m.e.d

ol Sl

&l

1.Achuba, F.I. 2006. The effect of sub lethal concentrations of crude oil on the
growth and metabolism of cowpea (vibnaunguiculata) seedlings. Environmentalist,
26: 17-20.

2.Aspray, Th., Gluszek, A., and Carvalho, D. 2008. Effect of nitrogen amendment
on respiration and respiratory quotient (RQ) in three hydrocarbon contaminated
soils of different type. Chemosphere.'72: 947-951.

3.Das, K., and Mukherjee, A. 2006. Crude petroleum-oil biodegradation eYciency of
Bacillus subtilis and Pseudomonas aeruginosa strains isolated from a petroleum-
oil contaminated soil from North-East India. Biortechnol. 98: 1339-1345.

4.Ebrahimi, S. 2009. ‘Review of place-time behavior of some hydrocarbon
contaminants and chemical solvents in soils porous media. Ph.D. Thesis,
University of Tarbiat Modares, Department of Agricultural Engineering, 150p.

5.Ebrahimi, S., Ladan, Sh., and Malekoti, M.J. 2009. Feasibility of Different
Petroleum Pollutants Remediation in soil and an algorithm based on the type of
pollutants. 11" Soil Science Congress of Iran, Gorgan, Iran, Pp: 21-23.

6.Ehteshami, -M., and Ahmadinia, R. 2007. Modeling spills of petroleum
hydrocarbon on soil groundwater resources. J. Environ. Sci. Technol. 29:47-57.

7.1bekwe, V.1., Ubochi, K.C., and Ezeji, E.U. 2006. Effect of organic nutrient on
microbial utilization of hydrocarbon on crude oil contamination soil. Afric. J.
Biotechnol. 5: 983-986.

8.Iranmanesh, A., Amini, J., Ansari, M., and Faezighasemi, M. 2009. Biological
soil conditioning to purpose elimination pollutant of gasoline by
microorganisms. The twelfth Conference on Environmental Health of Iran,
University Medical Sciences of Shahid Beheshti.

yva


www.SID.ir

9.Jeroh, E., Tonukari, N.J., and Anigboro, A. 2011. Glucose level and amylase
activity in crude bioremediated with poultry manure and sawdust. Asi. J. Biol.
Sci. 4: 4. 369-374.

10.Labud, V., Garcia, C., and Hernandez, T. 2007. Effect of hydrocarbon
pollution on the microbial properties of a sandy and a clay soil. Chemosphere.
66: 1863-1871.

11.Marquez-Rocha, F.J., Hernandez-Rodriguez, V.Z., and Teresa Lamela, M.A.
2000. Biodegradation of diesel oil in soil by microbial consortium. Water, Air.
Soil Pollut. 128: 313-320.

12.Minai-Tehrani, D., Herfatmanesh, A., and Azari-Dehkordi, F. 2006.
Biodegradation of Heavy Crude Oil in Soil in a Pilot Scale. Environmental
Sciences, 10: 71-81.

13.Mittal, A., and Singh, P. 2009. Isolation of hydrocarbon degrading bacteria from
soils contaminated with crude oil spills. Ind. J. Exp. Boil: 47: 760-765.

14.Mohsnzadeh, F., Nasseri, S., Mesdaghinia, A., Nabizadeh, R., and Zafari, D.
2009. Study on the possibility of application of Amaranthusretroflexus L. and
its rhizospheral fungi for bioremediation of petroleum polluted soils. The
twelfth Conference on Environmental Health of Iran, University Medical
Sciences of Shahid Beheshti, Tehran, Iran, Pp: 442-451.

15.Mokhtarian, N., Talaie, A.R., Jaafarzadeh, N.;, Talaie, M.R., and Beheshti, M.
2010. Producing Biosurfactants from Purified Microorganisms Obtained from
Oil-contaminated Soil. J. Water and Wastewater. 3: 20-27.

16.Nicodem, D.E., Fernandes, M.C., Guedes, C.L.B., and Correa, R.J. 1997.
Photochemical processes and the environmental impact of petroleum spills.
Biogeochem. 39: 121-138.

17.Ruberto, L., Susana, C.V., Walter, P., and Mac, C. 2003. Eectiveness of the
natural bacterial - Flora, ~biostimulation and bioaugmentation on the
bioremediation of hydrocarbon contaminated Antarctic Soil. Ibiod. 52: 115-125.

18.Seklemova, E., Pavlova, A., and Kovacheva, K. 2001. Biostimulation-based
bioremediation of diesel fuel: field demonstration. Biodegradation. 12: 311-316.

19.Seyed “Alikhani, S., Shorafa, M., and Asgharzade, A. 2009. Treatments
efficiency of bacterial production internal on biological treated of hydrocarbon
contaminated soil. National energy congress. Tehran, Iran, 7: E05104.

20.Thapa, B., Kumar, A., and Ghimire, A. 2012. A review on biormediation of
petroleum hydrocarbon contaminants in soil. J. Nepjol. 8: 164-170.

21.Wolicka, D., Suszek, A., Borkowski, A., and Bielecka, A. 2009. Application of
aerobic microorganisms in bioremediation in situ of soil contaminated by
petroleum products. Biortech. 100: 3221-3227.

YA+


www.SID.ir

i

Gorgan University of Agricultural
Sciences an d Natural Resources

J. of Water and Soil Conservation, Vol. 20(4), 2013
http://jwsc.gau.ac.ir

Optimization of petroleum hydrocarbon biodegradation
by indigenous and non indigenous microorganisms

*M. Doustaky", S. Ebrahimi?, S.A.R. Movahedi Naeini® and M. Olamaei
'M.Sc. Student, Dept. of Soil Science, Gorgan University of Agricultural Sciences and
Natural Resources, *Assistant Prof., Dept. of Soil Science, Gorgan University of
Agricultural Sciences and Natural Resources, *Associate Prof., Dept. of Soil Science,
Gorgan University of Agricultural Sciences and Natural Resources
Received: 05/27/2012; Accepted: 12/10/2012

Abstract

Obtaining oil per day in Iran often caused-its distribution and emission to the
environment in various stages of operation and transportation. Efficient methods to
clean up soil pollution, but environmentally friendly and suitable is inevitable. The
aim of this study was optimization of total petroleum hydrocarbons (TPH)
biodegradation by indigenous and non" indigenous microorganisms in different
applied remediation methods. Then, the best performance and trend of hydrocarbon
contamination decomposition intime series were determined. Hence Ray's refinery
contaminated soil with 38% TPH was used and thirteen treatments including
fertilizers, animal manure, sawdust and inoculation of bacteria's (Bacillus subtilis,
Bacillusmegaterium, Pseudomonasputida) were applied in soil thirteen times
(every 2 weeks). The results showed that, treatments of bacteria + sawdust and
bacteria had the greatest impact respectively with 35% and 34% decrease, of oil
pollution of<this soilvand treatment of dry soil (without any additives except
aeration) with a 20% reduction, had less effective in the amount of oil, than other
treatments. The results indicated that, by active indigenous microorganisms and
improving environmental conditions including aeration, additional nutrients and
moisture, decomposition rate of petroleum can be increased. If native
microorganism activity has low level, mixing sawdust, animal manure with
inoculated non-native microorganisms including oil-eating active bacteria, will
increase the process of reducing petroleum pollution.
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