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ABSTRACT

Introduction and purpose: Soil contamination by petroleum is mostly resulted
from oil exploration, refining processes, leaking of oil products from storage
tanks, leaking from pipelines due to pipe friction and decay, refinery wastewater
discharge and agricultural irrigation with such materials. Sodium persulfate
(Na,S,0,), which is a chemical oxidant, could be activated in the presence of
ferrous (Fe?") and, leading to the treatment of a wide range of soil contaminants.
Therefore, this study aimed to evaluate the removal of hydrocarbons from soil
media using persulfate oxidation in the presence of mineral siderite.

Methods: Initially, oil-contaminated soil was prepared in the form of two separate
samples, including silt-clay and sandy-loam soils, which were orderly spiked
with 5000 mg fuel oil per kilogram of dry soil. Following that, the effects of
various factors, such as different concentrations of persulfate (100-500 mmol/L)
and siderite (0.1-0.5 g/L), pH (3-9) and temperature (20-60°C) and the removal
of petroleum hydrocarbon were assessed.

Results: In this study, the optimum condition for degeneration of total petroleum
hydrocarbon in silt-clay soils was reported, as follows: temperature: 60°C, pH:
3, and persulfate/siderite molar ratio of 400 mmol/L to 4.0 g/L. Meanwhile,
the optimum condition for the removal of hydrocarbon from sandy-loam
soils was pH: 3, temperature: 60°C and persulfate/siderite molar ratio of 300
mmol/L to 3.0 g/L.

Conclusion: According to the results of this study, the optimal amount of persulfate
and siderite could be used to remove hydrocarbons from contaminated soils.
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hydrocarbons, Siderite mineral

P Citation: Mohammadi F, Alimohammadi M, Mahvi AH, Nazmara Sh, Mazloomi S, Askari M. Evaluation of the Removal of

Hydrocarbons from Soil Media Using Persulfate Oxidation in the Presence of Mineral Siderite. Journal of Health Research in

Community. Summer 2016;2(2): 20-29.


https://dor.isc.ac/dor/20.1001.1.24236772.1395.2.2.3.6
http://jhc.mazums.ac.ir/article-1-146-fa.html

[ Downloaded from jhc.mazums.ac.ir on 2025-12-12 ]

[ DOR: 20.1001.1.24236772.1395.2.2.3.6 ]

JHRC

arols o ciodlew liudag alas

93 Mo

STV TS g g e R W gt UK EHS T SCOVPR W L PG -1 POVEITOU] K WO o Rgir) 1 C vy gv

oS

23 O ksl ol o 02 (6313 0 2 2 b S (5 LS 5 g ST (S5 JT 180 9 doskie
A 5 S e s QU b slast 51t (65185 05l 1 285 (laey T 3 elaely W
8 o BT LSl @?diwémus@\f LT 5 5 SLOMSL s by e gladl )
AT Jie G156 ST 55 Wi & Sl placd OIS 1SS (NayS,0,) s Sl
31O ol ol ¢S 4 e 05 T (GacS b 53 1y JT (slaodis VT 51 s g atals 5355 Jlod 25 b g5
03 JT SlacS b I 2 S5 ol 53 Syl ST DMl g O slenST 1S €l s
Al

ssbalanli— o &Sl g dhw— ) ST @ gal g3 (a0 T ST g g 1l T 89y
3l aleee (sl )y ST o B ameaT o) 58 s p SIS o 350 8 habrrr i L 6Bl
(=) pH «(ad 53 8 /N =/0) S sk €Y ga ooV v 100 +) M) gy Caliien (glac e ik
A S 15 ey 5y ge 5 6l S s Cado g (55 e am y3 Yo o) Syl dys
7 ‘_gl.ucpH:\":@J._M—&ﬂ)dflé‘_;ud}ajjbsﬁﬁéhd;})%ﬁqﬁ‘_g‘j%.]a{\ﬁ:lkﬁli
A S5 35 2 e 8T 4 a e e B S Dl o 551 8 S )
05 Y pdaa ke ¥ sk 4 Sl gy S 5318 Sl a3 70 (slos HE Y 1(glanle
RCX g WA P

S St 5 S gy gy Ol e 51 0l g5 o0 ¢l aalllas 1 ool ol 4 s 55 L 26 g Ao
.:;e:\.é:,.a\s:i}c;l?;jqu)ﬁdflﬁ-w

S o 03 T STl ¢ 2 (a5 55 Codom (W gy O1ekenSTT (S S™ OlodS”

Ve 3153
Md.&wm ‘.;LCJ}W
T 20 (i o]
°1J|[.Jé.7 'C)U,

, F oo Mie sl
ES do guani

Cutliag edige 098 byl wlid S (gamasls .

5 S toke Basls wwutlig 00Ky Jama
;Jljj ‘_‘,ijé: ‘Q\jé: J‘L):—g':.zl.xe Sleas

wuslag 0aSesls (Jagme cwlag O ol n}_)f oletsls

Sl sy olus 5 (Sa r}l.c Jsls
olal ol ole

oaSiils lae cuilag pedige $}J§ P PR C

—eilg olus 5 Sas roe oLssls ccazlag

;Jlj) ‘Q\J@ @1)@' @\AJJ
g3 Jooms 00SCtn 5 5 (el W15 5l 50 Dliins S e
Sl sy olus 5 (Sa r}l.c Jsls

olRl e ol

oSty (Jama Ctlig wdige 055wl lia S

—eilg olus 5 Sas (T oLasls ccazlag
Sl e e Sl

il 008ils Lo Catligy wige 05 8 S

(Sl iy olus 5 (Sa r}lc sl
Q\_,_._\ ‘\:N\_._\

a,)f olasls (e g\sa,w 1) s 0 5
pole oSzl el saKsls dame caslig oA
;)\Jﬂ ‘Q\J@ @\J..é: ‘;LJJ_&:\J& Sleas ‘}5\.2,}:

Email: m_alimohammadi@tums.ac.ir

A\YA0/Y/\Y iesl 5o GJ\J
\YAO/8/Y s i pdy GJU

Qw}.‘aﬁ.br’a\w\&\)\f&n)j .uwcéﬁw é:b‘u«:‘d}uﬁ.« ‘th\.& L‘)Trﬁiﬁyﬂl (S 9&9>}w46~\w 6315 8 ((lazwa ] e 4
Y=Y (YYD Olwl canels 55 Coodls Solaiios aloes .e.:_,ST s B QL;JI Cod 5 Sy @L{L

L3 8 o aeas 5 g DWSin 4y i 5 L o la
Slgn o pmis 53 3 A5 65 T ol 25 sl S5k
L;j)ﬁwal;\&yal)'\,m@uﬁ@a&Iﬁ
S G b 3l cdase 53 SLS 5 ol 108 e Olasl oDl

JL&L‘.)a:m)bd&»cwdﬁ‘.kﬁowaﬁ)uTméfbﬂ

Y

<

[>4

o

#*

Aodde

S Ames Glodoy OLS 5 a8 glagy Soyde

Lels bdee OLS 5 ol leds LSE5 e gz slpe |
5 AT SSls,T SLS 5 ediplsl by Sy s

Femt ¥ o lach ¥ a0 V140 il Lot (St iy o sle olS85M0 cmiblags oaSetily caalsn o ciodlew clisdns dlas

@ﬁjbtm&\sqswl{gswjjbgfmaj)


https://dor.isc.ac/dor/20.1001.1.24236772.1395.2.2.3.6
http://jhc.mazums.ac.ir/article-1-146-fa.html

[ Downloaded from jhc.mazums.ac.ir on 2025-12-12 ]

[ DOR: 20.1001.1.24236772.1395.2.2.3.6 ]

Jordley b D s 0557 bl 0 Lo 53 (T (glaes VT ol
Osml sl g5 o S alanls 4 Wil g5 oo (V/+) V) VL O pralnS
3 rms 4l 5355 Jlab b bogs AT Ja 156 LS L g
Yoo ) dbsles 5o kS 4 03 T slaeST s 1y JT (slaeds VT
[V0] sl 0T ldd g s (activation) (g jludles sla sy & »
(1) 8,0, + 4= UV 0 gl J5l/s §— Y SO,
(1)S,0,%+ Fe? — SO, +Fe + SO,
Sl iledld dewsa LSS 1S O sl
ST s (YeV ) 0L, 5 Costanza Lo 5 oo S g
oy dse SSE 3 (YV8) OS5 ogllae 5 snj )
s (Y00d) OLKes 5 Huang cpoees 255,05
Sl Gileds davlsy S, bl JT OLS S
55 Fe? L sdidle Sl gwy [VP-VA] Wssai anllles |
kF 305 I (PS5 Okl il DLS 5 Bl
;1 (Benzene, Toluene, Ethylbenzene, Xylenes: BTEX )
S Lsls Ol O, en s Teel [V4] ol 4y HS 4y T Loses
Cueksl «(Cobaltite) ClS™ sl 55 Sl pw 5 (g5Ludled
8l (Siderite) sy 5 (Pyrite) &,y «(Ilmenite)
o )5 Glanllas s pimman [Yo] Cils wals o5 16
Sy ode sl a5 Ol e O gy 9 Sy 51T Y
Wl S ol Sl o [YVTY] s oslinul sty IS
2 Nl S g5 S Gda ol OT 3L s b
Oyls 4 d g b LASL wBls age S8 Ol g gledled
Ol S JT OS5 0 geanllenST| 55 S g 5 (YL
Lol ¥T 5 5 Codo Cgr Sludled Julge ol jan 4 0T
Jse o b oo [YV] 587 eolinnl 55 OIS 4 ol [
Coal (D) T g3l Gutne 350 51 S 55 FeCO, olanss
o35 0L OT 51 &S, T Ol i) 53 (5 St 58 &
[YE] ol

Ol g (g5ledlad 033l e ol andllas I Coda

IV o o () s 5 o (6 b A3 5 LS (0 Iy
VU Ol b b s 285 glap ST oon S 56 (Sa T
YU 52 KT 5 68 Sl YU (sl Sl (s xS
AR IR P SRCIE PR VI L S B

8o T G Lo bl Wl3T oMbl 5 5T sl
B Gp S e 4 edies JT Lol anllas (USEPA)
GLeESSE 5 b 5l doys YF (LS 5l 45T Sl enls OLES
Y guams dlawg doo)s P 35l 5 e ) (Gilwe S
Lo 4 (C5 g JUisl Sl g 5 ad ) St asle) i
3 LS 5 by Sl S IT [F] Kb o0 oy o
i JUsl 355 s 08 ol e (S gl e e b
880 b 65oslS gl LT 5 (2 Glodob b
Bl oy 285 Y gaamms a8 Gl | uomen 5 LDWSL
3 LS st eesSe (S IT Jle o 5 mls [0] 48l o
[5] sl oo 5lwo o3 Oloue 5 ) Lo shast

>‘,>,-56:§JQL,:§J54“;}JTL;LA5\>'CM\UZ))J,\;%
33 253,50 6551 Sl eslizal 3l A5 jle b S, 5 S asls
LSy 3l b o lend O gralinSTT e VL S5 ¢ Joms
5 sled (N kel by (Dl 5 055
S eslial 35 SULS 5l gl e 3 (ol ()
O3 oo &y a5 5 pls VU ikign 4350 7 5,8 o
rle 53 5 Jome 53 EST adad I S YOV s o5
st AT Loyl 5 5 Wl eslizl 5 50 ST (5 5
03 )T &S s 558 JiolojT Jases Ll 5 L O, 5L
el Sl o (g pined b Al g r (28 sl S s &
Sl S gl 4 3L aS Sl 1 eSS ol o sl
S5 oSl Fa po 4 050 ¢ Joee Sl ol kel gl )
Glagn S s 4 03T Sl adas gl ba)siS (5 5o
[VF] 5,8 oo 55 oslizal 340 25

&l o 28 ST e3le &S (N,S,0,) o0 bs Sl 5

27278

ye—rq.r o_)L“Z ng 89 Aro ‘jLL‘..pLT,ub.J.ULa ‘JSJ/_):’ ‘a‘;lc LA rCA.sZ/.lg_l oS il :‘L:.c.h o o ew ;;La:ﬁa_? 1’5.0


https://dor.isc.ac/dor/20.1001.1.24236772.1395.2.2.3.6
http://jhc.mazums.ac.ir/article-1-146-fa.html

[ Downloaded from jhc.mazums.ac.ir on 2025-12-12 ]

[ DOR: 20.1001.1.24236772.1395.2.2.3.6 ]

S ool e Ll Bl ST ksl 4 0,58
53 LS 03] s se p s s &K ESGS woodd 03T
b s 4 gos 02l 3 0188 =0l Y s 1 my OLL
wla p SAS e 8 dadrrr Hlie b 28 SLS 5 5 S
(Y dslas) Wi

PV (1/p S JS)=00r 0 SAS 0 8 o ¥ dilne
YO OV (I ko) /147N (p SIS 5 0 5 n)

oy 9 S Oles s el

3550 S Glad sad sland 5 (K58 sla byl ) U
Sl Jdow 5 4 o0 eled cdas e QLS |y ardllae ol s eslana
ASTM 3,lhkl pluly S5 Ggas 93 (gl 4, LS s
<y (American Society for Testing and Materials)
[¥s]es §

S 5 S i e Dlasie ¥ Jgd> s
S 5 S ksl jeole (Col odd osls OLLS (T ydew

(X ray fluorescence: XRF) Sl anil il g6 Lo 55 &y yobns

Haw — () S $dgel (plond 9 (258 SRl ) Jgax

(Shuslo — o8] 9
Slawle o S5 G- ) S  sel,ly
VARY /0 (20,3) S JT sl
Yy Yof- dSm") S, ulaa
AY V/A pH
-/T -/AY ST oS I

o S 5 8 Sl Sosde a e lp Sunde b
Lils 5b cov S glabow 53 Cojdon 4 Sligu
L{‘f’b@ﬁw;(\‘)f‘d) L;-f\._.'.w|jg;.15-c&pr

il e (o5 sla a3 80 5F0 Y0 Sles

S8 iy

(bt 1 50
oo Sl gy O OBV Ol 1 o,s8 S
OWIT &S 0 &8 5 5l ds )3 48 o sk a5 L (Na,S,0,)
Sl 5 gz Uy ey &S50 51 (FeCO,) o ydaw SIS

REER D

0341 S ag i)
S sl god ) &islejT)s 05T S ag (sl 5
Jb\.’..a Sl @U&A%ﬁ;l{(s\wh—@j}&ﬂ—w))
w6 ki 58 S AT 050 00l (o8 s 5 s
Lds Jbje (6 e 93 Sl eslizal b 48T sba
2 e S ke 0 B b g D pon ST slad s
4;:.“3\:.19#}1&&gl@@jl{.un}ﬂo}jb;&rfﬁ
a3 tlib o AV Ll (Dg5le) (s o g b slies
0SS S o 5 A il OT 1S s O/VF
WS L b OLS 5 el bl S s ailsl ST

i b ol e (V1) oz o L 0 g2l 5 018 =01 J gloes

(XRF) uSal sl (uilo ol uwgs <y SIS 9 ((slwlom gog) 9 silowm o)) S sBLg0s (5 paric Slaseiee ¥ Jga>

(303) jolic yolio

L.O.I S PO MnO TiO

25 2

MgO K0

Na,0 CaO FeO, ALO, SiO

CSSEy e
2

INA%4 LARFN RVARY Y/-v ASZN </FA LAY

\A/Y S </-4% AR </\YF -/05Y o/Y¥ \/AY

YY/vVY LARFN </-Y\ AY NG /Y08 Y/As </AQ

/Y YA VYN /¥ V¥/04 OV )
SYSAY/AY /A 4/4A  FY/of st oo v
SYE YR/ /s o/YE  YA/BY aule- oy) ¥

ye-r9 rro_)La.sf/ :"/AJJJ 140 uLLuUzub_Lr_)Lc uis:_):l ’4}[: o5y

Cucdlugs 0uSiils cdrola o crodlew S lEdag ddas


https://dor.isc.ac/dor/20.1001.1.24236772.1395.2.2.3.6
http://jhc.mazums.ac.ir/article-1-146-fa.html

[ Downloaded from jhc.mazums.ac.ir on 2025-12-12 ]

[ DOR: 20.1001.1.24236772.1395.2.2.3.6 ]

L& g5 LT g (VARIAN Holland oy Sos +/Y0 (s
A P

Gaos pl 3 odal Gy (slaesls fulow 5 4 e ) slatens
Excel 2010 15310 5 31 Gl 3,50 Slasls 05 s Ciman 3
..J.J_:J,f oslazul

laadly

O g clale 5T
%QH&JQM\W\dU\}JML;\J{wUua‘JQ
) L;LAJB):L;\.&L;LA&;}).\?A Cod> > QL&S}...:J.;
Vorm0 ) Ol gy Calidee slac ke (glanle — o) 9 o
G 53 s 1 2 08 Y b ke b Y g s
s)y:ljizﬁb@)ax‘ct\ gﬁﬁsb:):aw}wﬁm&fdw

AV 15 503) Ao 4 S 1 5 oslizl
23 heys Vo2l Gl S D e35l o YL
o = sy S s Sl sw Ve das Froooadsl Chle
Voo adslcble js glawbe— oo ST 55 imman deT Cnsas

6:‘&5 LgLAQg;}‘)A.:A Lol o:j‘.g J__)JYL cCJw}wﬁ )V}AL;L:A

e S el il

I:.J..,aJ:]

U__Eu' |5LAL"IJ“'S’-,J|.L_.ﬂ ke alaulily

Y g o) Slilyn s o lale

PS5 o 000 CBLE L i slagp S 9uen B3> 0350 1) Lloged
L,Ilﬁw—w)556|xbw,w)¢dl&aguulb)>f)§,l§)g
S gl 42,5 P eE) los s slawle- 09) 9

.vU‘oJ.j:L‘r_.:x}'

A2

Verd o)led Soy s gl S aode Hldie s ) 2
Texas Natural Resource Conservation Commission:)
ot sl dsle b gy 51 LSS« (TNRCC
o ealial 350 (S sadged Hs oy S sde
[vo]cs 8

VIO L os T &Sl (sladiges 51 0 8 Y10 ¢ hsy onl G
Foo dfen e e lacble 55 e Sl gy 2 e
O gy g Hldidn 03,57 Sty Cg SV g0 s 00 5
Clade OT 2 on VIO 53 0.8 +/Y) Sopdew ol Ol3e
Ao o 53 (W gy aig Hlis sk Sl ey S sl T
SRV IPRVA VA AV} BUVA RGN INCR - R R
LPH ok b pgo al yo 5313 5 g o st S 20
Wy & b LS 5o 5 Lo 6 25 il 1 e3lin
oy $bd o S 0 ("fﬁﬁ s g pH Ol
dnnova 4048) s s 5 5L Sl )5 4 sei ol slags o
labes js Cele 5 Sdeas g Les V’J“; shls &8 (K T
o313 )15 aids 53 593 Wo 3 31 8 sl a5 Fe g B oY
wad 5 Ldd (5SS Jlmdu 5 bk ged GIUT I S s

238 e 1SS s bl T

B Sl i 5I6T o)
S Oly=N e 51 (e Ve GIUT 5,5 51 3
A S /5 s Lol b, 4 i Sk ol Sl
SAds S & Sl oslizal L edizl puial mle 4ge
Holland (CP-3800Js) 538 315 5ls S o&aus &
e O 3 dlad O seml iy L, KET 4 g2 (VARIAN
b e Je Yo m X +/YY (CP-SIL A CB § g2 Joe)

ye—rq.r o_)L“Z ng 89 Aro ‘jLL‘..pLT,ub.J.ULa ‘JSJ/_):’ ‘a‘;lc LA rCA.sZ/.lg_l oS il :‘L:.c.h o o ew ;;La:ﬁa_? 1’5.0


https://dor.isc.ac/dor/20.1001.1.24236772.1395.2.2.3.6
http://jhc.mazums.ac.ir/article-1-146-fa.html

[ Downloaded from jhc.mazums.ac.ir on 2025-12-12 ]

[ DOR: 20.1001.1.24236772.1395.2.2.3.6 ]

Yo/ d()&d‘;‘;d—m Jbﬂ

b P Y. (ERPORC IO

Bl il g O s iy

e 5&0;__,5;)J._.ﬂ inde a3l
(imy 2)

GBS 9,)3un B3> 43 Olilgas . Ol3wwS| 0 PH 5T ¥ )l5505
O gy Ol gan py a5 oS p1 )5 (hao O+ ¢ ke b ik
Wooduo oo/ jid pyp)S o /¥ ihaw = gy S )5 gy Sy 3w
Ped) los y3 Jgoiduo Woo/ il o p)S < /W slawls — 09 9

38 ol 42

sty (Slamle o Sl gl Susdn 2 4 S Y
S (gl gt Frosgde (oo — )y STl AT
PH: 4 5pH: & 55 deT Cisas Lo 53 Y0 55 ((Glamle — oo 4
035l il (((glawle— o g 5w — ) ST g5 95 A0
b odalie 28 sl S g s Cod

W gy 3 ,Shes 5 bos L5

wﬁj}b)JQw}Mﬁ)J&&ﬁbbJﬁt‘FJ‘)w

—— s e Sl

B —— el e e il

T g

[ 3] i gl s S a et Cad a2l

T T T T T 1
£

L0 s .
'::IJi_-:L. am ) Les

=3
&

SS9 3 B3> )3 Olilgu py OS] 2 Los J5b A lsges
U gy Olalgan py Connnd op S LS 00 p)S (o B0 ¢+ B2 L
Wooduo oo/ jad jop )8 /¥ (hww — () S > dingr Sy

PH: W Vg0 dao Ve o/ pid jop, S /¥ slawlo — 09l 9

ye-r9 rro_)La.sf/ :réJJJ 140 uLLuUzub_Lr_)Lc USJ/_):l ’4}[: o5y

Chle )3 VL Ol 635l J g 4 4 5L .S Jool> Ao 3 VA

s 5 s ag

O g 3 kot Loy s slaclalé 5T
— o2 S (Slad sad 53 O g Ay IARe el S e
033L (LY g ko ¥ v ) (lawle — o gd 5 (HY g0 Lo Frv) sl
Copdew Calides gl ble s 28 Glagp Sk Ol
Sd 3wy sk il s 61 (R 0 8 N0 /0)
(Y lased) S35 505 anllas 350 518 Sle axys Yok
S G S e Ol 035l o YL Yl sad elal
o =y S Gl Sy 2 e 8 F SR s

—— o ST s e il

—— gl el e I e iy

(3] i glingys Sy kot il o3y

£S5 shao 00+ + CABLE Uy 15 lagy2 S 9300 B3> 035 ¥ L9
Slr s p )5 2 /F) oy Cilize gCBIE )3 p S okS 0
23 (Slawle — gog) S Sl sid p2 )5 /¥ 9 Gk — ) SI>

38 silw 4z 5 Vo) slos

pH J..g;b

b 5 sla S aoded Ood 033k s L pH 3G ¥ Sls 5
—) S Gl 5 digy S gt 5 DM ey 03958
Ol 31,8 Blo do s VoY glos s (Glawlem o g 5
s e

PH:Y )3 285 sl S 5o Codem 03 3L o ylo gad a5 L

Cucdlugs 0uSiils cdrola o crodlew S lEdag ddas


https://dor.isc.ac/dor/20.1001.1.24236772.1395.2.2.3.6
http://jhc.mazums.ac.ir/article-1-146-fa.html

[ Downloaded from jhc.mazums.ac.ir on 2025-12-12 ]

[ DOR: 20.1001.1.24236772.1395.2.2.3.6 ]

G OLS 5 i 00,5 ST a pl o) &7 550 e iy
Jodly (2,555 L0 SRIPIL raan S e 6SS
b oo il O g SIS 1y oo 51 e LISl o 5
23 e M OLS F Ol e feily ol ) &S
ST )3 digy Sy 4 gy DM sy S 0l anlllas
Slsle = oo 5 Vga oo Frol 2 0 818 il = o
Ao )3 YV s Codm 035b b )Y e Jea Yoo/ 2y p S0 /F
o — oy STl (gl Codom 035l e T sty s 5 YF
Clew A5 o oS b odalin lawl g S 51 5V
S5) oy STl L 3 g (55 SlanST s 85
2 Gt el 8 Al (sl JT 5150 5 Goas
s5h 0 OT Giledled il 53l ams 55 5 Sl g 05,5 Jled
Ll g o ool O &S sl 0l 5 Huling glaasl [YV]
ol i AT b0 g s o b 1S b |y Sl g s
Jsas ol cpldas 2alS 1y sl VT Cod 03l ol o Ses
4 6l ey onl 3l Jlb aT a0 555 suees S 5
IS, W oal sbos ogllasl Sl odle, Jlas
bl women 35h 28 ool oy Cble WL W g
sl Lol alT Hltie o5 Sl Cupdew S48 sl Ol
3 3, Sl gy IS0 555 siie D il 5 n S
Jole s [V ] 258 JT LS 5 Gl enjl 2als sl
Loy ot B 5 3015 Sl (pdies B L Sl anllas
sy O ae oo (02T SO s SYL glacble o
Sl S osda Codo p Cuydew e Sl e 5 5 Ol g
258t
Ooladspla sl 5 2Ll pls oy Jdoas s (2T 555 Ol o
S S gy (s 3ldlab Ol jae 555 2 LT 5 5T IS,
s B T diS e Sl 5 8 5s Ll el Sl
Lited ledl sl ge o gl (Felll) b baw 5 (Fell)

5 Rastogi .[T’~].\3,fw 313 eslizul 540 05 28 bay &S

— o) 5 e — o)) LS s Sl s 5 o b Al
Poa Yo 3l Ll L oF i pei Gollas das_ge OLES ((glanle
£ 35 2 05 58 G S s Ol a3l 31 8 Sl a3
Sosba tul il il glawle = o) 5 (Ao = w) ST
25 de)d YO sgde I ab glacp S o Ode a3l oS
a3 70 6les 53 Ao y3 FO 35u 4 00l S e amy5 Yo gles

A:m‘).)‘;dab
Z ..
«S)':;‘\-’.‘::‘)""".

Ol Ol e 48315 Ol bl andllan Sl okeT sy pls

GLESTE 4 G (o — ) ST 55 28 Slagy o0
ol Jsa Llg o ) & Sl SYL (ST Glanle - o)
S e gy S 5L 5 s b OIS
F St 4 il S o S E Sl b STy 5o
Ldps Csgw a4 a3yl &S el 5 sk clas
Sl gy el 5 3K ST 5 T g Sl eslizal
S g Bl 035l o YL S el B 55 s 55
am pl 4 ullisee cpl oLy 6 cdalie Ao 3 YA 59> (J 50
05 YL oS5 sl Dl sy S5ledld ol &7 Lk
aallle 4 e L TV] AL 58 48T L oS 5 s 0T
5551, 6K, Cod (g g Jal 43 <01, Kaa 5 Satapanajaru
Jolo Olsias (2 B> ool 5 SlWg sl 55 0 S
andllan 53 uoman [YA] bl st ST slad shee 5 jludle
aly 5 G S sk 4 LRIl OLKea 5 Yen
Sladllas bl [Y4] 55 28 bgs 2T/ Ol gy S 4
oslizul b oY+ 4 o 43 0lL,es 3 D0 vy 455 &) 50
ol 035l (Dl g 5 (5ledled s (FeCL) ol & JS™ 5
sls Olas andles oyl o IY] s odalive o ys V4 5ol o
Sl g SISl W5 Ol DMl gy Be 151 L S

ye—rq.r o_)L“Z ng 89 Aro ‘jLL‘..pLT,ub.J.ULa ‘JSJ/_):’ ‘a‘;lc LA rCA.sZ/.lg_l oS il :‘L:.c.h o o ew ;;La:ﬁa_? 1’5.0


https://dor.isc.ac/dor/20.1001.1.24236772.1395.2.2.3.6
http://jhc.mazums.ac.ir/article-1-146-fa.html

[ Downloaded from jhc.mazums.ac.ir on 2025-12-12 ]

[ DOR: 20.1001.1.24236772.1395.2.2.3.6 ]

Ol Ly, ol andlas 53 [¥O] ol i Sl g JISH,
Il S5 j2als 51 ab ol oS H il 1L S5
Jre]asl oW sw

5 e SBT3 51 Ko (S Ol 55 Sl am
V] Gl ok i, 5 Liang Law 5 Sl g s (g 5ledlad LT,
Cod 033 345 oo odalin LSl addlas 3 & sbOles
SV (SU sl F sl a3 80 glos 53 2 sl S ok
Oljas s 00lid &S Conl 03 g Jii’ SO, > 4y
ORI s RIEIL G Oljee i 5o 5 (gled ST
s Pl s a5 g Dol a3 e b
S ol e st S5 ok NT S 5 g
£35S Glp abe Dol 4 ek ol pl Sl Ssline
Sl [ ] Gl Cenl ol ksl j3 ol s YT
2 15 g G5lednd) Dl g SN & Dl ey 4525
2 s sl S ke Ol 4 81 suh el YU (sles
S Cdlad Lol tas o0 ('-—-)(sbfdﬂb a5 YY) ol slales
3 ahon bl 318 Sle a3 B 51 VL (sles 53 Sl g
W5 JaS sl 51 (S ol @Sledle Ol 3 i
[PV asb o S g 5T SIS 1

Llg o Copdew & 3l Ol ol andlls glaasl
Sl (6l Sy (Gludl Sy ys e &K Olgsa
b 3,8 515 eslizul 5y50 05T ¢Sl 31 2 gla oy S g e
o gk 4 Ol oo (el Cgar canlllan ) 5l ool eyl 4y 2 9
g oS gl g5 & Ol OT 510155 o0 0Dl g 5
.>;°>u;¢\ésog;;4{°;,5Te§uw

t.?;b)'@

son Olse b Glides 7 b 5l i Jol G
OIS 51 oslizal b S ladeses 1 28 OS5 Cod>

O g/ 2 533 AT aig S S Lsls Ol O, Kes
033b 4 il g &S Cwles gV a) b 5 o ST Dol (ol
T e o a5 e o LS 5 Code A s 4
LVl cs
Cod- ool S E RS Sy ol adlbe s
v S pH Ol lal s 28 lagy ST i
s o Ol &S 5 g (slanle — agd ST 51 YL WS
S Slawle = o) ST L awslie j s - )y ST oS
(Y++¥) 0,8 s Huang .5,8 o 51 3 pH &l i 56 Co
S Al s Sl g (ol Siledld) (Sol 4 o
slgis cpmmed LOT .l pH & atsly Sl a4 AT 3 ol
Sl CPHSY L) ol Sl Ll o 457 L5 S
wns 53 45 558 4 o Sl s JSG) A 5 05uky el Sa
S Glaed VT b Sl sy 6 28 2S5 28 5o il 5 o0
Ororen [YY] 555 ot Jous 55 ateal 5 =Slol asliy Job 5o
19 ) 5 Code ST oS Wisls 0l O, 5 Liang
ol Cod sl g 5 (PH: #) 2 pH j5 Ol gu y by
[F¥] s odalie i YL PH & Cd 5wl pH s osle
V) SIpH ials & wisls 3,18 01,8 5 Satapanajaru .
23350 a0 MW ST, &K i 033l Rl 0
Fe? iy 28T 5ol ST o Fe? hus Jse sVLpH
s ST adas 53 [FF] 555 o Cnilon Sl g L
ol S gy (6 5lndld (sl 2s) 51 (S 65k Ll cen T
JonS aoken JIKsl) 93 a3 58 on e3linal 03 28 ) by o
pH:) 3L Ll,e s (SO,?) Slsw JKsl, 5 (OHY)
Wy e Udee Ol H ol s bl tisa e 155 o
PHF 4 Cos 5V O 033 o7 s o 55 Slid s SIS 51,
PHIA a8 033k 3l Julo 93 ol S5 oy Sl (Sae J5
GBIty w425 4 53 Wl PH: F 4 o
W5 Jomily ool sl o 53 K5 Sl 4 sl O s

Femt ¥ o lach ¥ a0 V140 il Lot (St iy o sle olS85M0 cmiblags oaSetily caalsn o ciodlew clisdns dlas


https://dor.isc.ac/dor/20.1001.1.24236772.1395.2.2.3.6
http://jhc.mazums.ac.ir/article-1-146-fa.html

[ Downloaded from jhc.mazums.ac.ir on 2025-12-12 ]

[ DOR: 20.1001.1.24236772.1395.2.2.3.6 ]

oli.id‘.) ‘:“""i‘) Ja.:aﬂ o.&i&h})"{ g;a_Lo.> L ny MLL?‘ YOV A

sl 0k | Ol (S pske

References

. Kaimi E, Mukaidani T, Miyoshi S, Tamaki M. Ryegrass

enhancement of biodegradation in diesel-contaminated
soil. Environ Exp Bot 2006; 55(1):110-9.

Do SH, Jo JH, Jo YH, Lee HK, Kong SH. Application
of a peroxymonosulfate/cobalt (PMS/Co (II)) system
to treat diesel-contaminated soil. Chemosphere 2009;
77(8):1127-31.

Tsai TT, Kao CM. Treatment of petroleum-
hydrocarbon contaminated soils using hydrogen
peroxide oxidation catalyzed by waste basic oxygen
furnace slag. J Hazard Mater 2009; 170(1):466-72.
Tomlinson P, Ruby MV. State and federal cleanup
levels for petroleum hydrocarbons in soil: state of the
states and implications for the future. Hum Ecol Risk
Assess 2016; 22(4):911-26.

Tang J, Lu X, Sun Q, Zhu W. Aging effect of petroleum
hydrocarbons in soil under different attenuation
conditions. Agr Ecosyst Environ 2012; 149:109-17.
Sarkar D, Ferguson M, Datta R, Birnbaum S.
Bioremediation of petroleum hydrocarbons in
contaminated soils: comparison of biosolids addition,
carbon supplementation, and monitored natural
attenuation. Environ Pollut 2005; 136(1):187-95.
Chien YC. Field study of in situ remediation of
petroleum hydrocarbon contaminated soil on site
using microwave energy. J] Hazard Mater 2012; 199-
200:457-61.

. Namkoong W, Hwang EY, Park JS, Choi JY.

Bioremediation of diesel-contaminated soil with
composting. Environ Pollut 2002; 119(1):23-31.
Wang J, Zhang Z, Su Y, He W, He F, Song H.
Phytoremediation of petroleum polluted soil.
Petroleum Sci 2008; 5(2):167-71.

10. Wang Zh, Xu Y, Zhao J, Li F, Gao D, Xing B.

I1.

Remediation of petroleum contaminated soils through
composting and rhizosphere degradation. J Hazard
Mater 2011; 190(1-3):677-85.

Yen CH, Chen KF, Kao CM, Liang SH, Chen TY.
Application of persulfate to remediate petroleum
hydrocarbon-contaminated soil: Feasibility and
comparison with common oxidants. J] Hazard Mater

(:}J& ali.idb s S ydew LS’K L odd Jled waﬁ

5S4 WWAY Lo s Ol Sleys — il Slats 5 S,

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

2011; 186(2-3):2097-102.

Reddy MV, Devi MP, Chandrasekhar K, Goud RK,
Mohan SV. Aerobic remediation of petroleum sludge
through soil supplementation: microbial community
analysis. J Hazard Mater 2011; 197:80-7.
Karamalidis AK, Evangelou AC, Karabika E,
Koukkou Al, Drainas C, Voudrias EA. Laboratory
scale bioremediation of petroleum-contaminated
soil by indigenous microorganisms and added
Pseudomonasaeruginosa strain Spet. Bioresource
Technol 2010; 101(16):6545-52.

Huguenot D, Mousset E, van Hullebusch ED, Oturan
MA. Combination of surfactant enhanced soil
washing and electro-Fenton process for the treatment
of soils contaminated by petroleum hydrocarbons. J
Environ Manage 2015; 153:40-7.

Chen CF, Binh NT, Chen CW, Dong CD. Removal
of polycyclic aromatic hydrocarbons from sediments
using sodium persulfate activated by temperature
and nanoscale zero-valent iron. J Air Waste Manage
Assoc 2015; 65(4):375-83.

Costanza J, Otano G, Callaghan J, Pennell KD. PCE
oxidation by sodium persulfate in the presence of
solids. Environ Sci Technol 2010; 44(24):9445-50.
Huang KC, Zhao Z, Hoag GE, Dahmani A, Block
PA. Degradation of volatile organic compounds
with thermally activated persulfate oxidation.
Chemosphere 2005; 61(4):551-60.

Mazloomi S, Nasseri S, Nabizadeh R, Yaghmaeian K,
Alimohammadi M, Nazmara S, et al. Remediation of
fuel oil contaminated soils by activated persulfate in
the presence of MnO,. Soil Water Res 2016; 11:131-8.
Liang C, Huang CF, Chen Y. Potential for activated
persulfate degradation of BTEX contamination.
Water Res 2008; 42(15):4091-100.

Teel AL, Ahmad M, Watts RJ. Persulfate activation
by naturally occurring trace minerals. ] Hazard Mater
2011; 196:153-9.

Yan N, Liu F, Huang W. Interaction of oxidants
in siderite catalyzed hydrogen peroxide and
persulfate system using trichloroethylene as a target

ye—rq.r o_)L“Z ng 89 Aro ‘jLL‘..pLT,ub.J.ULa ‘JSJ/_):’ ‘a‘;lc LA rCA.sZ/.lg_l oS il :‘L:.c.h o o ew C;LE:I.SAJ 1’5.0


https://dor.isc.ac/dor/20.1001.1.24236772.1395.2.2.3.6
http://jhc.mazums.ac.ir/article-1-146-fa.html

[ Downloaded from jhc.mazums.ac.ir on 2025-12-12 ]

[ DOR: 20.1001.1.24236772.1395.2.2.3.6 ]

contaminant. Chem Eng J 2013; 219:149-54.

22. Huang W, Liu F, Yan N, Lu A, Chen H, Chen L, et al.
Removal of trichloroethylene in groundwater with two
oxidants: siderite catalyzed hydrogen peroxide and
sodium persulfate. Water Sci Technol 2012; 13(1):36-43.

23. Yukselen-Aksoy Y, Reddy KR. Effect of soil
composition on electrokinetically enhanced persulfate
oxidation of polychlorobiphenyls. Electrochim Acta
2012; 86:164-9.

24.Guo H, Rent Y, Liu Q, Zhao K, Li Y. Enhancement
of arsenic adsorption during mineral transformation
from siderite to goethite: mechanism and application.
Environ Sci Technol 2013; 47(2):1009-16.

25. TNRCC-Method 1005, Total petroleum hydrocarbons.
Texas: Texas Natural Resource Conservation
Commission; 2001.

26. ASTM D422-63, Standard Test Method for Particle-
size Analysis of Soils. West Conshohocken, PA:
ASTM International; 1998.

27.Do SH, Kwon YJ, Kong SH. Effect of metal oxides on
the reactivity of persulfate/Fe (II) in the remediation
of diesel-contaminated soil and sand. J Hazard Mater
2010; 182(1-3):933-6.

28.Satapanajaru T, Yoo-iam M, Bongprom P,
Pengthamkeerati P. Decolorization of Reactive Black
5 by persulfate oxidation activated by ferrous ion
and its optimization. Desalination Water Treat 2015;
56(1):121-35.

29.Yen CH, Chen KF, Kao CM, Liang SH, Chen TY.
Application of persulfate to remediate petroleum
hydrocarbon-contaminated soil: feasibility and
comparison with common oxidants. J Hazard Mater

2011; 186(2-3):2097-102.

30. TsitonakiA, Petri B, Crimi M, Mosbaek H, Siegrist RL,
Bjerg PL. In situ chemical oxidation of contaminated
soil and groundwater using persulfate: a review. Crit
Rev Environ Sci Tecnol 2010; 40(1):55-91.

31.Rastogi A, Al-Abed SR, Dionysiou DD. Sulfate
radical-based ferrous—peroxymonosulfate oxidative
system for PCBs degradation in aqueous and sediment
systems. Appl Catal B Environ 2009; 85(3):171-9.

32.Huang KC, Hoag GE, Chheda P, Woody BA,
Dobbs GM. Kinetics and mechanism oxidation of
tetrachloroethylene with permanganate. Chemosphere
2002; 46(6):815-25.

33.Liang C, Wang ZS, Bruell CJ. Influence of pH on
persulfate oxidation of TCE at ambient temperatures.
Chemosphere 2007; 66(1):106-13.

34, Satapanajaru T, Yoo-iam M, Bongprom P,
Pengthamkeerati P. Decolorization of Reactive
Black 5 by persulfate oxidation activated by ferrous
ion and its optimization. Desalin Water Treat 2015;
56(1):121-35.

35.Liang C, Su HW. Identification of sulfate and
hydroxyl radicals in thermally activated persulfate.
Ind Eng Chem Res 2009; 48(11):5558-62.

36. Corbin III JF. Mechanisms of base, mineral, and soil
activation of persulfate for groundwater treatment.
[Doctoral Dissertation]. Pullman, WA, USA:
Washington State University; 2008.

37.Zhang YQ, Huang WL, Fennell DE. In situ chemical
oxidation of aniline by persulfate with iron (II)
activation at ambient temperature. Chinese Chem
Lett 2010; 21(8):911-3.

Femt ¥ o lach ¥ a0 V140 il Lot (St iy o sle olS85M0 cmiblags oaSetily caalsn o ciodlew clisdns dlas


https://dor.isc.ac/dor/20.1001.1.24236772.1395.2.2.3.6
http://jhc.mazums.ac.ir/article-1-146-fa.html
http://www.tcpdf.org

