[ Downloaded from ijhe.tums.ac.ir on 2026-06-12 ]

A+GpTE £300 &GiKindzs InjiTo P OYES G119
3 njiTo ORI £3)0 33
hhh 5 hAA ©KTADE ARTH 31055z ,03HS a3311 QU t3pY

BYNId €0 st JEcie Uz€ g &3NI P &z0o YING Stk Gbakko

Tt st QD (PAYKE T E3NIKG 68135 (MH0evtsSs AyRi (FATIIE® K13 FUID3 *3NF Elp3 GoNdzio
r-rezaei@tums.ac.ir N0 O IyRI aPET IO NyRl by Gy I(yINIE SaYET) Sishn A£G oNOD iUy lyINi 3000 D3T3 3ty 0315Hn gNIS) yrsen:

To/gh/hA : p izt Ta/gh/AR O3y

nyIus

atsl SN pp3 Fi 30 61 15 Alses TEDH yitss OUSs 10U 3V G PAH G AGOSMGIEUR Cililj A38lsr Ok :OyG p Giljs
U=zt 51 &3V p &z1p g St Gakas J& 31 .y/Eivg yesa J& 51 Yy A5Gl Ky Vsis/ YpyTo 10 st £arhid Oz€
VI 5351 8VNE €10 st Jsitls

3 &3V p &zl NG GNIT) S5 tYN3! EYNE Jasitie 6I ANz SNA G 13 9SOl P AEAIZIN BRGAEOING 5t A3 AED A 5351 pp3
st BF XU 31 iy Mt Jesitis OO0 fni Vg KDHE A3 TE Asp eHg OIS fo VIl Gatljt 37 61 APSUs NINOUG 1 #5356 O pr
J# Yo/l M 1i5 MPN pp3 i 36 £SOl ON55 .Oasi 358 M s VNG St AssaNitgpse sUlsY njshy FINsHIPF 1 S Ulst
VI of Ut AETEs Y Kitk KisNiets Bl #sd £ €A 2Ast 81 Gy

JESUN Azl NG 1Y 314 Kok Kesigta Bl #Gsd AESA . O'sterNi 5101 151 SO Y3 Vi3 GE 1Y 314 MPN 3Njsd 240 AGGlat
61 & TT7HR SitsH P 31y Jesi#l KatyE &3NI o ShtyE &zilg YiNg GNDTS 31 10 5t Jasiiis U= 306y43 P GIllY CEDH yitsa 51 St
Mid O's/

Uz 10 s 15 Jasia ADA ty5e4 st ASTEN 3/ yEYE (GOSN Az 1N OON) Bl #3811 GE VY 31! Glilkag Jat -Agiac 1w
U=zt 51 O+ 12 p AayEOTNT 1 P ty/ll 1GOSANIFH SO yI3 31 1T HFSNG iy GRa3 3k 6 OG0 arpy T3y 5NN 1ot lyens
.O'st GllltyS Jasitis

3NN JAzig riNG IET0 Abes TEDH U B #Gsd AESA IAIGHE vis FIip3d SGTisap3Vig Ay 3ty

SHIINE Q0N 3F oNOU kUHY IO IR ay G InjiTo O'llbyR YR 24l13¢ -
3iTHo Q0N 3F oNQ akUHY IO IRl ay DY 301y (0S4 njiTo 31530 Uiy -h
3150 Q0N 37 oNOD ekUY (O IHyRh ey DAY 3iEHY InjiTo O'lIyRi THSteY -H
23v0 Oligy U1y 103011 Usyig ayOH8Y 3feviist IGENINGDoNS O30 GiZier -h
31T 00N 37 oNQO ekUHY (O IHyRI ey DAY Faviist (G20 O30 Afslgy -T


https://ijhe.tums.ac.ir/article-1-2-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-12 ]

AT T T R)yeeo dYkigst njol To Asts ' 6100 3Y p AR
Olss Nt P YNZNG AkgosrpyTo W gt &fS) (T
03 D PAHs Gl tYN@ AGEH0 Albss GEDH i)
Gt O'st iyfd YNZD 6l AxgATHIst kghyed OUz€ AgYsh
GlisNo (KGOETINI 3YD3at Kl O'bi njiTo 3YN3 A3feO'sY
D iyl TOR YING K kGIPEUR Agkstviad p AgiNG njsll
(TpR)OST 5t £iGEING PAHs OTEE 1 ifzat
IEDEENING Gz 1o OUSsE) SiNG AKg3NTER JEsi0mg st AUk
Kitd pp3 30 61 &zl YiNg W #zst .(AT)yHAzlo YiNg
(GIISEp3Vig Gz Metzat P Albis CEDH AfS) AHEND
yiISG AHI3I YiNg Azl YING .(hG)Y3HY 3iEa G=No YN
£kl Y3Ng Azlg YiING Ji0Hg yioee AIpg Ui yiI3 &f) Gt
OND: Gl) (P) Thbs P (LXING ©3ND Gl) (N) 3tpei
i CEDH AKGKTH 3r MUt Gt tYNI (Ofibs Ne3f
Az0) YIND AV TakE (RA-RTHY3HY YNZD Khid YNISE
BYNI C:N:P=120:10:1 OU&! 3Y (hggT) Alvarez njsNo
& NH,* ©3\Di 6l) £iNis yII3 &f) 3;95 Il (AN O'st
(NOy- ©3ND; 6l) tyigia 3pgI0it F% 3Nl 61 p (NOy
aYkAst Y3NG N300 Azlo Yk JIopY 30 Thss .yt K30
(AphR)Y3Y OEsIl OsKka3pE 0 AiNgs yIl3 3¢ p O'st
YyEo YNII aYN@ EWZNo Kk 3f300 GI A0 Gt AokUig
Al Akt SNl Olgs 61y €10 A’EG@UJA PPN
SIYRED Gl skl D yee YK 13 KGiymed AUstNING Gz o
YiNg §ED# AIE UKt Y3Y Gipgil Azlp YiNg AYieg KlLs!
Alg3NIEe A£OT) YNZ Kily 61 O'st 3035 30 €10 Azl
SI 3zugio Uy KgkO .(RRPAR)YIIK SiifoA) tyiYpyTo
Gt O'st A3lyEo Gl %0 AFNIl 3t300 Al GEDH Aadit
YKl PAHs tyit6iz 10 AkGOSKaspeUn yi3 g eiNg
W KGEITap3yG Gz ON30 AkgOsmKazpE Ul
ey 3Nt (506K NOiis3 I2(NapYNs Kokl 3N &kgnjiTo
St &3S okiika .(A)ynsg ZIEiNopTE - Neglkp
VI#Ss S SIND AKG3NTER Siks 3 3Y K¢ At G 13 A3NII
KEiNs ©KiNs3 kG3y Al Osis njiTo 3Y Albis tEDR
AT, T )Y 3154 As3g) YING .. P KGKE3Y D kg2 NIkt

hAh

Bl 1 (6400 9 (SR0 Bgo Il Ayl

, | Gy

3t3yIG P JIst ApKE ayF Gildz Alio ok O
Ieyn Ot Akgyizap3yig) kg3t grom 3y
D (ayl Uk g0 Axgyisap3yig) kqgili p kgyUia
YNIA) dvg JO300 .O'st FhiGp3a AkGyIzap3yig
Y3ip kG2NIKG 6L ON 0 3N T-Ag ¢t B0 Giés
AIGRE VIS Fhigp3  AKGEIEap3yig . (F)YNILE
k& PY & Polycyclic Aromatic Hydrocarbons (PAH)
BYSIS T Akghyned [)52 D (Hphyeyll KO0 izl GEVE i
AlGOUNs DZA AfSTE yIHTs GRIY GI Gt yIASIT) O'bis
IELzsY &KGINONG sp3t st AP0 YPY 134Ul YPY NS,
(T-h) &y YNZp G Al0D: Akgymss p AR AdvNia
NG (3kghon Kokl QusisNet AQDit Gk 3Y PAHSINNIE
LJIZh0 3Y 3180 p (1)O'stayll ik 13506 €710 P 120 Ika
IONJG I£1sNF 243y AsA gt tYNig AkGEKO GING J3t $A0
D KkGiz0 3Y3NO iR g AN O30 p 300 p YET S
BYN & Glste yII3 AAKG J& €50 3Y Gt O'st Aisls
PAHs GlsY g AIGHE G5 Hitg Fi Jaglke .(1)ydyll
PAHs gt Al &kgOoll K aNpd Gt AfAkD .(T)O'st
-Ahph)yitsg AN0D: Akgomikds 11 njlogy yINIA) 6YNig
Olika p OTEE IPAHSANOING gyt 3v W azat .(Ag
0 Ghe 13 KR bz Gis o OWIG KD b EsglsY
K% J0S0§ PAH OXlitsy .(FH pAh Ag T .h) vaY4D
YPYTO Gl &0 JaTIk lym3iy 13 50 ©132 6l 3yl Kz Gl
U RYYEUAD TH0 3Y 3Kl ASizr280sY S+ 3yl
ksl o I3 14135 € N300 AkGp D3 YEI3ke .(HTPAR
Gt 10 37 KDINdZO Kghymed UNI ot Agfstlf OHZ ... P
Shor I3NakNG KedY Gl lorst KL Alylio yiks. njiTo F
633G YN 30 p 3L El&d SI0 IOTE € YN T
(FT) O'st YN GZiNg B D+
O'st &lGli30 (Bioremediation)&lbss tEDH Y
Oflika gt aYKEIst K1 13 35 &kghyed BHZUr 3K0qt Gt
WO'sPY IFING IQlKs yig Jat ()i 538 A URNING
et fgaymed Uz€ NG Gl p ayNl Avidi p OlsisNe
Algnymel B ogke AfY) ayals AkGOLIKT3IPTUL ¢ IEH0

%9 y[ﬂ/
1P9 1 Glisso /o)le2 0 ladh /iy 0593

Ulpl bazo Cublags ole ol Glidg fu ol swlibiad


https://ijhe.tums.ac.ir/article-1-2-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-12 ]

Ol 9 g JOYS 2lo ) Sy,

2N)isk AkgAgTEd Kol Aipg0i NjNLg yiil GIESH 3y
I2N0szt 2NeNeNYskIst (SPIZ2NisK 150igs AT
Giz o Ao Gt 1SEDH KaNaNUIsNISE P AKONFS KNGt
BYNR %0 Ol & AlGKatyX Ao 37 p Gmu 3 JEC K
angiyz 3iSHy a0+l ORFA G ¢f TN ONiery Gl
Gl p Gl SR0o 3aa O+t njiTo &p3 &1 (OC)yarNi ayll
GYkdo AOMR GUSHY K JiSTKe tyked tyitGiz o 30
AKGONOTD st F# T4 61 THY nm 2Ny gNA 3y (OD=1)F¢
apy= K Alk&) GNITo ¢ S5 (DYl Gaklji oyl Gito
sha Gl X0 VOKZ ke OE 3t 3Y .yiyll Gakljt €0 Gl D
i00sY g ACH GSHY W INO AfF1.YYT0A&) Keylo AKIpY
iYkist 7100 §y§ CECIL UV/VIS  EliNipgilsst
Ol Ghgty Gt aXU0sa njl To AkgY Glikay J& 3 .yAvsa
af) W #ogd Afoy 30 Gl &+ D) O'st tYNI YPyTo 33
INGI) Gl kg3NE3 GIt JHSOg .yl Gt £01 3V X0
ProMAX@yiHeidolph  gUIll tUlsY &p3 &1 A£gYiNg
3Nogd .yilaSl 3% njiTo &KoY 3Y CT¢ rpm OUEs 11 2020
(AIGIN( E pP3) (Most Probable Numer) MPNAIPE Ul
IyAYE ok Ut KGGINZ] Giot AfTH iyl Cuiglo Ay KD Ki
1 s & p orNi apf) OlgoN: avkdist Y3NG Ot njiTo
VAYSU tYKAIst Fg o OF3 o Ailess AkgOS)0 gt sk
EUIst gpyz 2Kst &) 28 A3fz0650 he h gt vl p
.(OD) y1I dYs Jo300
0 #Gsd AERTA

Jeslis G ay1l aYN €X0 Albss CEDH Aaske Jlilo &)

KeaNteks &30 tTA IAgING yiTs AfTA gt Albis 3NIH3 3y
iYkAlst Y3NG A3NIl p Azl YING 3Nieke pY K ATa&s Y
0053 h < Kall Kok Ke3Noeke 3Nogd 2 .08 384
SG AT 3 3Y kG3NtRe Yiyln K O'st SiiSI K Gt O'st
KG3NER 2Kst J& &1 .yIYNI Tas pY 3y Kg3Nthe§ otyk
D (FR) (min) K&yE Tas :&zlo NG (Ot gt yi3Hi0
31 KatyE Tas :A3NIl (K p (rh) (max)a yf Tas
(HT)ES€ G £5p 8h SiiT1 33 Tty E Tas P SAD I
U/EQDii AKGGINZ! 3y AIpgUi I3 yip3 st 3KI3A Omz
AP0 yokI 30 Gl AE#GGING! AoDdt GINEI Tg &lgt Gl

%ﬁ yﬂp
P91 Gliso ] /p,lg2 0l /iy )95

Ulpl bazo Cublsgy ole ozl Gudg fu ole owliad

hAH

st SF (hggT) 3134036 p Chen Glikag 3v g &1 (AT
o600 31300 0 C/N OUs Gy IAININ 3G T Sike 535
I3Noks £ AfS) Tas h 3y Alpg0l ToEN 31300 P Jeslis
St AINI . (H)YI KNS T A3 3Ntk A3NIl & AT 060
YIY 3t (HTTh) Chaudhry .Y3iY OUE€ &I ADHO Al
Yistna Ky h (yistena (g OHEE AN 0 a3at fi
0 if3at JistIaps OUEE ft O B gkt Jashiapai p
AN &z YING Gt Aty O 61 GZNo K1 .(T)VHY 3K+
Gl Glikag & yallk GIIMY A0ses €EDH ViSs g1 yiEg
s YEIKe Oz€ &) &30 p &zl YiING 3Yp3at itk £33
YEIVEHED GYNid €50

K3PP3 P YiNg
AEOZ0I YING

HPLC grade 3Nist ((BE&)&K ¥ NOO 6Z3Y Kl JaS K
Ol ¢t 3tid R, A P aiigl OlgN | ROMIL Ol f
gt NaCl P Ayl O+t njiTo &GF 3 | BIOMARK
YW Gty Merck Ol
t’KU éngd IYKGd
zy S0 F+0 Mg LISH 37 Bis yu GINNYE)
3YN a3r<u 3Nozq Gl y|| YSNWU KgU 5 Uz€ éi{ ¢ mm
O3 Gl A#GGHIN 3y oyl ivKed £%0 &t € .Ofe(iu okt
Batch) B #Gzd GisNGl Ases3Nie3 Fi 300 Gl Gt 6Tl
3y CE&C oC AKgY) PEENt 3Y P GIVE3 yit&d K30 (reactor
INA Gl 3NIgf3 3p3Y k0 Sés Yl Keglst (CT min3fs
3 Jis ke O'B00 Gt A3NA Gl vl aYNia ks 61 AONIdz)
(D)ylIs3 K0 TEE mg/Kg Gl €10
JE 0K by Gez o THEY p &z{o YiNG GNOT0 Asksiykga
a3NII D &zlo YNy Siltg pY ¢t o6 py 3y KggNO'[Q
K Uiyl GiHy &kgINOTG pH .yIy1l GlHo C-Dgpyx. Kl Ak
RO 6YPYTO 3Y pH HACH 40d Y} 215 pH g tYiAist
YAYE Qiol (Orst UPEIpEIg &kgpg Ui yn3 s Gt


https://ijhe.tums.ac.ir/article-1-2-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-12 ]

(Hh) sz dzi Azl oYko GNOT) A4z EDk0 ©KIDINGZD ¢ gpy=

Trace Elements mg/L
EDTA-Sodium Salt O+
ZnS0O4.7H,O A
FeSO;.7H,O A
MnCl,.4H,0O v
H;BO; Y
CoClL.6H,O Yo
CuS0,4.2H,O A

NiCl,.6H,O

Na,Mo0,4.2H,O \s

kgavty p Il avidist KGOINZ) 30ika p A€ITA AR Excel P
Y3NG (ANOVA) S 30ia A3foa 3Nogd st avkdist i
Vil 0 358 KITo P Gz o
iyl Uz€ Jesike 1 s
BYKAGst K €K 3V oy KoK aymed a0 Yo NGk Gl
gyd FONstIpt wlisy Gisp Gl p 3Nist GEE g

Bl 3 (6400 9 (SR0 Bgo Il Ayl

D DEEk) 2Kt 71 AEazdzi Azlio YiNg gN)To ©KIDNdZ0 :C gpyx
(Rh)33 Aez2 E0i0 p OuZNI pE Uy

Gha 3l 4o Goke 03l J gloea G 03be J ghova
(mg/L) (max) (min)
K,HPO, Ave Yilat
KH2P04 Yoo VAR
KNO; Yoo \IV
Macro
&  MgSo,TH,0 Yo Yoo
Mi
0 CaCl, 21,0 Ve Voo
Nacl Voo )
FCC13.6H20 ) Ve
Trace  Trace elements \mL \mL

D &zlo YINg D JESIke 3pyT €10 P KPEUH ApKE Gt
Wi Ge #0301 yaKI 3N GI AExGGING 30 p O'st AN
3y OYNL A3NI P &z05 YING P JEETK 6l G103 €40 ApKE
20 UK gt 3Nog3 260 Glot .(HGPYZ)yyll Glsza S
(P<Q/GT) EET 3003A 11 YiyOt P yaYST GlskTo 350 30D
Design-Expert V.7 33al08] st ABTo J# 3Y .yyll p3zi

(i s3I p AIpg Uiy Akgyokll p A£D AkgGING OTiIjp Dgpyx

B e 2l g0 Soge b o )
ol RIS
(Nu.) (Sal.) S9SN

V& gas +) +3 + +
Y 4 gel +) -) + +
Y& el - + + +
¥4 50l - -\ + +
V ased sl dals +1 +) - +
Y €ges pland dall +) -3 - +
Voaged plees Aol -\ +3 - +
Fdsed pherd dals - -\ - +
V aged g, dals +) +3 + -
Y € ged 29,50 dald +) -\ + -
Y oagel o9, dals -\ +) + -
F el o9 Koo ol -\ - + -

YITSG ()33 INNIE oyl P (+)3N0ks F2 INNIE U(-C) KGNtk KatyE Tas | (+€) KG3NIER ShetyE Tas*

o sy %9 way
1991 o /o lg2 o lasd /@iy 0193


https://ijhe.tums.ac.ir/article-1-2-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-12 ]

Ol 9 g FOWS 2o, Sy,

AggoC 37 A min Glipt 3K65 :©3NDi Gl GC Gy GiKE)
&Y 1o Ag °C /min OUZs 1 P koY B éfzet K Sisp
&Y p TG °C 3N0eTH &KoY P 3Nis A Akoy AehTg °C
O+ 3 W é6gd KEISH Gt .yAYEa OlohTg °CINITiy
O3ND 3shn £0N3F N iU+ O'lityRI by Uiy ONY

O'st Gl izt
, Yged T T T ¥ diged g S wald
o |
15 -
A ) :
Y ¥ " \ o fr i 4
395
'F. £ 43 god =TTt aiged (g 55w wall

v AMg Aal YA ra Aad fa a%

39) N

B 3550pp3 Z2fst {i BANDELIN SONOPLUS
eifuist K30 (HH)(EPA) O njiTo OOKE Siitd
y0 ki tNASIKs aU0sY Gl KDHE GNOTo P Ot ©3ND
OYh 61 Tg99 rpm OUZs 3Y P K& Hettich Universal
GC KUY K tyKoa ty#e3 080 .Osgn 354 AT min
Y1 Jiilo HP5 3Ni5 P CHROMPACK CP9001 §yh

4905 (o9 500 ALl

'R 1 god

39

T god ST T YAiged (g s5we wald

v ALd A4l YA ro fr 1 o

2 39)

3 WD ek &3pY A 3y hpRPAPA A0Dzt AKGGING 3v Aipg0ig yiI3 £UNUS A KGII

éfﬂ yﬂp
1P91 o /po,lg2 o e /iy 0393

Ulpl bazo Cublsgy ole ozl Gudg fu ole swliad


https://ijhe.tums.ac.ir/article-1-2-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-12 ]

el 1 (6400 9 (SR0 Bgo Il Ayl

Khia Kowys p &3NIp &zlo YiNg Siigp Y Kokt Ki3NTtks gyd AfSl ANOVA gpyx hgpys

Source Effects g:ll:la:_): df Sl\(;lsg:'le F-Value Pli\l]:h: F
Model 43228/1 3 14400/4  8/464 0/0073 significant
A-Nu HISBT  42387/9 1 42387/9  24/900 0/0011
B-Sal -13/57 5522 1 552/2 0/324 0/5846
AB -9/80 288/1 1 288/1 0/169 0/6916
Pure Error 13618/8 8 1702/3
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ABSTRACT

Background and Objectives: The poor accessibility of microorganisms to PAHs in soil has limited
success in the process of bioremediation as an effective method for removing pollutants from soils.
Different physicochemical factors are effective on the rate of biodegradation. The main objective of
this study is to assess effects of nutrient and salinity on phenanthrene removal from polluted soils.
Materials and Methods:The soil having no organic and microbial pollution was first artificially
polluted with phenanthrene then nutrients and salinity solution in two concentrations were added to
it in order to have the proportion of 10% w:v (soil: water). After that a microbial mixture enable to
degrade phenanthrene was added to the slurry and was aerated. Finally, the residual concentration of
Phenanthrene in the soil was extracted by ultrasonic and was analyzed using GC. We measured the
microbial populationusing MPN test. This study was conducted based on the two level full factorial
design of experiment.

Results: MPN test showed that the trend of microbial growth has experienced a lag growth. The
full factorial design indicated that nutrient had the maximum effect on bioremediation; the rate of
phenanthrene removal in the maximum nutrients — minimum salinity solution was 75.14%.
Conclusion: This study revealed that the more nutrient concentration increases, the more degradation
will be happened by microorganisms in the soils. However, salinity in the concentration used had no
effect on inhabitation or promoting on the Phenanthrene removal.
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