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ABSTRACT

PAHs commonly found in industrial sites such as manufactured gas plants (MGP) are potentially toxic, mutagenic and
carcinogenic, and thus require immediate remediation. In-situ chemical oxidation (ISCO) is known as a highly efficient
technology for soil and groundwater remediation. Among the several types of oxidants utilized in ISCO, persulfate has
gained significant attention in recent years. Peroxydisulfate ion (S,0s") is a strong oxidant with very high redox potential
(E°=2.01 V). When mixed with Fe*', it is capable of forming the sulfate radical (SO,~) that has an even higher redox
potential (E° = 2.6 V). In this study, the influence of various iron activators on the persulfate oxidation of PAHs in
contaminated soils was investigated. Several iron sources such as ferrous sulfate (FeSO,), ferrous sulfide (FeS) and zero-
valent iron (Fe(0)) were tested as a persulfate activator. Acenaphthene (ANE), dibenzofuran (DBF) and fluorene (FLE)
were selected as model compounds because they were the dominant PAHs found in the field-contaminated soil collected
from a MGP site. Oxidation kinetics of these PAHs in an artificially contaminated soil and the PAH-contaminated field
soil were investigated. For all soils, Fe(0) was the most effective iron activator. The maximum PAHs removal rate in
Fe(0)-mediated reactions was 92.7% for ANE, 83.0% for FLE, and 59.3% for DBF in the artificially contaminated soil,
while the removal rate of total PAHs was 72.7% in the field-contaminated soil. To promote the iron activator effect, the
effects of hydroxylamine as a reducing agent on reduction of Fe*" to Fe*", and EDTA and pyrophosphate as chelating
agents on iron stabilization in persulfate oxidation were also investigated. As hydroxylamine and chelating agents (EDTA,
pyrophosphate) dosage increased, the individual PAH removal rate in the artificially contaminated soil and the total PAHs
removal rate in the field-contaminated soil increased.
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B AFo)|A] AS-E PAHst ©FAUEZHl (acenaphthene,
ANE, Sigma-Aldrich, >99%), ©®lZ3gH(dibenzofuran,
DBF, Sigma-Aldrich, >98%), =5 < #(fluorene, FLE,
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persulfate, PS, Na,S,05, Duksan Pure Chemicals Co.,
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sulfate heptahydrate, FeSO,, FeSO,7H,0O, Duksan Pure
Chemicals Co., Ltd., >98%). 33}A|Qd (iron(ll) sulfide,
FeS, Duksan Pure Chemicals Co., Ltd, >50%). %7}
(zero-valent iron, ZVI, Fe(0), Kanto Chemical Co.,
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Table 1. Physicochemical properties of the PAHs used

Acenaphthene

Dibunzofuran Fluorene

CioHyo

L\

Chemical formula

Molecular structure F«- -.mj
Q“- ” \;;f:‘ ‘

MW (g/mol) 154.21

Solubility in water (mg/L) at 25°C 3.93

log Kow 3.92

Henry’s law constant (atm-m*/mol at 25°C) 1.46 x 107

C,HgO

S VNG ey

CisHyo

168.19 166.22
3.1 1.992
42 4.18
1.09 x10™ 264 x1073

Table 2. Physicochemical properties of the soils used

Soils pH Organic carbon content (%) Specific surface area (m%/g)
Non-contaminated soil 4.56 3.33 9.20
Field-contaminated soil 8.61 8.64 8.48
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Ede] PAHs 7% B 242 USEPA method 3545A
(USEPA, 20071 w2} ASE(accelerated soxhlet extraction,
Dionex ASE 350, Thermo Scientific)s ©]-83}$.2.H,
FZ 8lE olAEMerck, >99.8%) : FAHMerck,
>99.8%)S 1:1 (v/v) HI&E &3t E3hgols 18313
t}. PAHs #2932 USEPA method 8270D(SW-846,
USEPA, 2014)] w2} E43100m, ALe® GC-MSE
7890A GCS} 5975C inert MSD(Agilent, USA)%L,
Expanded PAH Mix(Z-014G-FL, 2,000 pg/mL in 50:50
Dichloromethane:Benzene, AccuStandard, Inc.)Z 7%
S AT AAFE GC-MS 24Z27E TS Table 3
o] VFERASIT

Pt ol Fre B3 EAHos A
i3 & AR S AT A2 045um syringe filter
(PTFE, ®=25mm, Whatman)Z ¥} % 0.1 mL £3
3] 10mLe] 0.1M 22=38} Z-F(KI, Duksan Pure
Chemicals Co., Ltd, 99.8%)3 Y& ¥ 1mL 0.1 M
2-2HH,S0,, Duksan Pure Chemicals Co., Ltd, min.
95.0%)y2 &3l 6AIF Bt FEAAIZ T UV-visible
spectrophotometer(Agilent 8453, Agilent, USA)E ©]-&
3} 450 nmel|A] S35t HBurgess and Davison, 2012).
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Table 3. Operating conditions of GC-MS for PAHs analysis

65

Column

Carrier gas, flow rate
GC Oven temperature

Inlet port temperature

Injection mode, volume

Agilent DB-5MS (30 m x 0.25 mm x 0.25 um)
99.999% He gas, 0.7 mL/min

80°C — 200°C (5 min) at a rate of 18°C/min
290°C

split 2:1 mode, 3 pL

Ton source temperature
Selected ions (m/z)

320°C
acenaphthene : 153, 154, 152

MSD .
dibenzofuran : 168, 139
fluorene : 166
1.2
(a) Acenaphthene O Control (d) Acenaphthene
® PSonly T
10 ® % A PSw/FeSO, e & T
& % % m PSw/FeS
i *  PSwl Fe(0)
08 1l —— TCFOKM .
3 l 3
23 * I}
o ol
= k1
03 > e *
c
- O Control
® PSonly
A PSwFesO,
= PSw/FeS
*  PSw/ Fe(0)
— 1st-order fitting
e? T T T
0.0 0.1 0.2 0.3 0.4
Time (hour) Time (hour)
1.2
(b) Dibenzofuran O Control 4 (e) Dibenzofuran
® PSonly -
1.0 A PSw/FeSO, %
° § % § m PSw/FeS I
& * PSw/Fe(0)
0.8 18 —— TCFOKM —
. o
g <
E 3
O =
£
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A PSw/FeSO,
® PSw/FeS
*  PSw Fe(0)
1st-order fitting
T T T T e’ T T T T T
0 2 4 6 8 10 0.00 0.05 0.10 0.15 0.20 0.25 0.30
Time (hour) Time (hour)
1.2
(c) Fluorene O Control 1 (f) Fluorene
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e? T T T T T
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Fig. 1. Effect of various iron activators on the persulfate oxidation of PAHs in the artificially contaminated soil. PAH:PS:Fe=1:100:10
(mol ratio) TCFOKM: (a) ANE, (b) DBF and (c) FLE, 1st-order fitting model: (d) ANE, (¢) DBF and (f) FLE.
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25. A5} &5 oo
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(pseudo-first-order model, PFOM) 22 F&3 4= 9t}

Cy=C(t)e™

714 Cry= WR&AIRE dhr)ell A AR & e EG U
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PFOMS] W45 A< (hr o]t

299 12} Y8t Zdd(two compartment first-order
kinetic model, TCFOKM, Cornellison et al., 2000)
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(Comnellison et al., 1997b; Oh et al.,, 2013), ¥ =]
X 3 FEE e A8l ek
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%(—(? ~fe e -pye
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& el xR (e elo ZF 2l iz
9= Table Curve 2D®(Version 5.1, SPSS, Inc)Z ©]&
st A8t

3. 48 Z3
3.1. H SMEIN| S50] U2 DiEHA AL A5
Fig. 13} Table 4~59] Q1FQFEGS] A3 ZAn= 1}

ERQITE. ANEE 23417] EQHANE EW)Y] 749 84
b WRgoA AAELS Fe(0)(92.7%) > FeSO, (80.6%) >

FeS(78.8%)9] +=O0& UEREO™ Fe(0)] AIAE°] 7HF
A JERiTh #E R ol ISR (k) B
St ALY 2L A2 EA YERSH, £ 3k T3
Fe(0)(29.39 hr™') > FeSO4(21.71 hr™') > FeS(8.030  hr')2]
oAtk WE Wk 9] EE(f)> FeS04(0.630) >
Fe(0)(0.669) > FeS(0.637) <22 UEPAT) I3kt 4w
&S Fe(0)(32.4%) > FeS0,4(24.0%) > FeS (20.9%) <=2
2 Fe(0)°] 7F¢ B2 ASHhs AWske As o F 2
Aok H2 2710049 PAH & Eafl tin] wRE w8
Joll ] B8-S Fe(0)(74.2%) > FeSO4(74.0%) > FeS
(73.3%)= YEFOH(Table 4 3=x), & Aole oM,
e Bk oo XY AAFEC] E AL & F USTH

DBFZ LA X! EHDBF EX)9] 4% AR ¥kl
A AALL Fe(0)(50.2%) > FeS(48.7%) > FeS0,4(46.7%)
TOF et o™ Z zlo|7} itk WE whg-g HollA
o] k S Fe(0)(44.63 hr') > FeS(5.403 hr') > FeSO,
G159 HZE AALEY 2L oz Yo, 53]
Fe(0)9] & atel o =HA =A degton £
FeS04(0.452) > FeS(0.352) > Fe(0)(0.320)8] <=0 & 1}e}
Wk #3Rke] ARE-S Fe(0)(20.3%) > FeSO4(14.0%) >
FeS(9.75%)C-E ANE B} - M2 =4 YePdtt
HA z79042] PAH F el vl weE hg-g
X9] B2 FeS04(95.7%) > FeS(73.8%) > Fe(0)(66.4%)
2 Ueht w2 RS GelA ool AAES &
JATH(Table 4 FZF).

FLEE 99171 ESKFLE E%)Y] 7 A7t BR3
A AAL-L Fe(0)(80.6%) > FeS(74.1%) > FeS0,4(58.2%)
o] <ol A4S FeS(0.687) > Fe(0)(0.644) > FeSO,
(0529) =02, kS Fe(0)(29.07 hr') > FeS049.910 hr )

Table 4. TCFOKM parameters for the iron-activated persulfate oxidation of PAHs in the artificially contaminated soil

removal efficiency (%)

. . ~1 ~1 2
Soil Activator f) k; (hr™) ky (hr™) R SSE fast Traction slow fraction
No activator ~ 0.296 + 0.019 6.576 £ 1.258 0.003 £ 0.001 0.961 0.005 95.6 44
ANE FeSO, 0.630 £+ 0.048 21.71 + 6.883 0.128 + 0.063 0.927 0.042 74.0 26.0
FeS 0.637 £+ 0.022 8.030 + 0.849 0.076 + 0.019 0.991 0.004 73.3 26.7
Fe(0) 0.669 = 0.019 29.39 + 7.036 0.242 + 0.044 0.992 0.005 74.2 25.8
No activator  0.249 + 0.016 5.523 + 0.954 0.010 £+ 0.005 0.972 0.003 77.8 222
DBF FeSO, 0.452 + 0.025 5.159 + 0.784 0.005 £ 0.001 0.974 0.006 95.7 43
FeS 0.352 + 0.032 5403 + 1.347 0.029 £ 0.012 0.954 0.009 73.8 26.2
Fe(0) 0.320 = 0.003 44.63 + 11.41 0.039 + 0.002 0.998 0.000 66.4 33.6
No activator ~ 0.238 + 0.013 5.984 £ 0.945 0.009 £ 0.004 0.977 0.002 83.8 16.2
FLE FeSO, 0.529 + 0.036 9.910 + 2.246 0.023 £ 0.020 0.943 0.019 69.5 30.5
FeS 0.687 £+ 0.026 3.666 + 0.335 0.028 + 0.019 0.993 0.004 26.5 73.5
Fe(0) 0.644 = 0.011 29.07 + 4.530 0.086 = 0.013 0.995 0.002 494 50.6

J. Soil Groundwater Environ. Vol. 25(1), p. 62~73, 2020
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Table 5. First-order kinetic model parameters for the iron-activated persulfate oxidation of PAH in the artificially contaminated soil

Soil Activator ky (hr'h R? SSE
No activator 1.295 + 0.109 0.943 0.003
ANE FeSO, 5.047 + 1.388 0.484 0.108
FeS 3.722 + 0.280 0972 0.005
Fe(0) 7.100 + 1.630 0.822 0.057
No activator 0.930 = 0.093 0.891 2321
ONE FeSO, 1.628 + 0.260 0.795 0.010
FeS 1.376 + 0.188 0.846 0.006
Fe(0) 2.129 + 0518 0.571 0.023
No activator 0.919 + 0.090 0.901 0.002
FLE FeSO, 2951 + 0.564 0.675 0.038
FeS 2281 + 0.064 0.996 0.001
Fe(0) 6.174 + 1.456 0.786 0.061
1.2
>FeS(3.666 hr™') 0.2 A ekt 8t Ange (@) =PAre o Foomy
Fe(0)(27.9%) > FeSO4(17.7%) > FeS(14.0%)] =02 1} o8 % % ; . e
ERdT). HH Z709] PAH & el tjv] me kg 0 | 2 o
o Aol B8-S FeS0,(32.8%) > Fe(0)(24.7%) > FeS g
(12.9%)2 JERITK(Table 4 %), AATR] 7 B4 S 9]
TRt Fe(0)S BHEAIZ SIS W 2 gedsge] O | ;
H AHES ANE EY > FLE £ > DBF E¥ &
S F ANE E¥Q] AlAEC] 78 =4 Yelsitt. 021
AYLAEYS] A3 A= Fig. 29 Table 60 L1E} oo . . . .
dck 8AIZE wkgollA H EsiAlY] FRe] wE 0 2 4 6 8 10
TPAHs AAE ZAI= Fe(0)(73.0%) > FeS(60.7%) > FeSO, Time (hour)
(59.2%)= YER} 7} PAH 2232 29X QIFAESS (b) 1st-order kinetic model
NXe] AAE =2 A UERTE. TCFOKM®] &y 34
Fe(0)(9.654 hr™') > FeS04(8.572 hr™') > FeS(7.859 hr'™"),  f; o3
ZHS Fe(0)(0.640) > FeS(0.466) > FeS04(0.513) £=0.& 1} ~
Bl PFOM 2E19] k ZhS Fe(0)(1.943 hr') > FeSO, ¢
(1.063 hr™') > FeS(0.908 hr)©.2 1}el} TCFOKMe] , S
B BYF M= Jepdet 7 245 PAHS] A g e
A&S HWIRHE Fe(0) FYUAl ANE(91.9%)>FLE 4 PSweso,
(50.4%) > DBF(43.4%), FeS FUA] ANE(90.3%) > FLE e
(62.3%) > DBF(0.51%), FeSO, YAl ANE(93.2%)>FLE o - o o o o \

(44.9%) > DBF(0%) w22 2 A3k FF<l #AIR0]
FY3 M2 BYlom, DBRE SEYIN A|AEE0]
o AL ok 5= ATk o2 RE #FeY Eke] Aks}
Alell Fe(0)°] 7P E82%1 SRS & 4
7y A BSA| F Fe(0)0] EE BN 7MY =&
AAES BHom A3ks 71 Bo] ARskE Zo=
UERTE Fe?' ol&S SASAIZ FUS 49 Fe¥r o
o2 wEA HAZFoZH wEA AHEe W, Fe(0)2f

Time (hour)

Fig. 2. Effect of various iron activators on the persulfate
oxidation of XPAHs in the field-contaminated soil (XPAHs =
[ANE] + [DBF] + [FLE]). £PAHs:PS:Fe=1:100:10 (mol ratio)
(a) TCFOKM and (b) 1st-order kinetic model.

FeSE FUL 7 Fe& oo A3 HEHuZ A&

2l Bk =T = o] A8t &&ol ¥ =A uet
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Table 6. TCFOKM and first-order kinetic model parameters for the iron-activated persulfate oxidation of XPAHs in the field-contaminated soil

TCFOKM
Soil Activator fi ky (hr'h ko (hr™") R? SSE
No activator 0.237 + 0.014 3.870 £ 0.729 0.014 £+ 0.004 0.988 0.001
SPAHS FeSO, 0.513 + 0.037 8.572 £ 2.796 0.032 + 0.020 0.966 0.009
FeS 0.466 + 0.053 7.859 + 3.750 0.058 = 0.029 0.943 0.017
Fe(0) 0.640 = 0.014 9.654 + 1.000 0.042 + 0.011 0.997 0.001
First-order kinetic model
Soil Activator ky (hr'h R? SSE
No activator 0.3428 + 0.0584 0.7966 0.0072
FeSO, 1.0630 £+ 0.3364 0.5395 0.0765
2PAHs
FeS 0.9082 + 0.2638 0.5825 0.0593
Fe(0) 1.9430 + 0.6883 0.6375 0.1007
Woh(Liang et al., 2004; Sun and Zhou, 2012). HFESH " T(a) Acenaphthene p———
589 AJollA p-chloroanilineS Fe(0)%} FeSZ 24335} w7 __ It
o &4t 2kek A2)3t Fan et al(2018)] 75 HW ool §1§§1§§§
Fe(0)2] %7] ¥kS- 57} FeSEU U] 7] YEE AS 3 —
eI 5= glom], B ATNHE Fe(0)2] & o] Fes] 3
k 2r} = U,
0 2 2+ 2 - °21
Fe +28,0y —Fe” +2S80, + 280, 3)
o FeSO, Fes Fe(0)
Fe 428,05 »>Fe +S0; + SO, ) 1_2
(b) Dibenzofuran EE Control

[ wio HA for 2hr
S w/o HA for 4hr
-1 T3 1:100:10:5

[ 1:100:10:10
3 1:100:10:20
. 1:100:10:50

3.2. SO|ESAONRI FLI0ll UHE TrER MEH Ht
F'g P29 A4e §13te] stol=gotn

(hydroxylamine), E]23P}EF(sodium thiosulfate), o} S o5/
I 28 K ascorbic acid), oF=F=2R4F UEF(sodium ¢ sl
ascorbate) 52| THFSH Al (reducing agenty’} ©|-8-FH
THLei et al, 2015; Wu et al, 2015). & GFoxe= 1
slol=FAollks 948t 2|2 (reactivation) BE &} 00 - s m .
Slalsick. Tt 218} wkgalA] slol=2Aloplo] Fe7h
?:';—E]Q—E e E’_}‘_]_l_’ Fe?'=2 w24 §Z]-_lﬂl-/\]7]—“f Aske- 3 " (c) Fluorene E(:omrmf ,
w/o HA for 2hr
o] 2k} W3S FZIGTHA] (5)~ (7))(Han et al,, 2014). =R
[ 1:100:10:10
3 1:100:10:20
3+ 24 + 081 . 1:100:10:50
Fe’ +NH,OH— NH,O + Fe" +H 6) 3
Q 06
02
Fé' + NH,O —>NHO+Fe* +H" () 041
0.2
5Fe’ +2H,0+ NH,O' —>NO, +5F¢" +6H o) .
FeSO, FeS Fe(0)
Fig. 39 S1EQQESke] Tshit 25lA] slo|=2Aopyl Fig. 3. Effect of hydroxylamine addition on the iron-activated

=010 oIEEO. o 51405 persulfate oxidation of PAHs in the artificially polluted soil.
(HA) 4] dFs HERHAT FeSOZ 283 & 2k potion time=4hr, PAH:PS:Fe=1:100:10 (mol ratio) (a)

3t Ao M= FeHAS] & HlE©] 1:1¢ W] Z} PAH ANE, (b) DBF and (c) FLE.
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Fig. 4. Effect of hydroxylamine addition on the iron-activated
persulfate oxidation of £PAHs in the field-contaminated soil.
Reaction time =4 hr, XPAHs:PS:Fe = 1:100:10 (mol ratio).

o] AAEEC] 7P =4 UEETh AAES] 7S
ANE ERS 4.92%, DBF EYS 5.78%, FLE B
6.18%3AT}. FeSet Fe(0)olX= FeHAS] EH] 1:2004
7PE = AAEe] JERE O™, FeS 7] AAELS
ANE E%2 444%, DBF E%L 162, FLE B
3.63% 27 S7F8IR S, Fe(0) H7H] ANE EGS
2.89%, DBF ESFS 149, FLE E%S 122%9H =7}
3lATE PAHS] A|AE-L dlo|=EAolle] Hlgo] F7t
gl wel Z7se 47 vl oldelMe TSI
HSke] ARE-L dlo]=E4o ] HIgo] Tl wet
3751, PAH:PS:Fe:HAS] & H] 1:100:10:5000 4= &
A3] F7VelA. 9 vl o dellx] B AREo]
7RI AAEY ST & olfre #=Fe] 3ol
EE4oRlo] F Wl ope} H2kS SlA7|aL, SAF
o)z ghEsie] PAHS] AH1E Wslish] whito|th &
Sk SHIRkE-S 33l AdE slol=54 gjr]zdo] A= 1t
S310] AREHA Fei'e] $helo] gafF o o]Fo|=)]
%7] uwjFo|tiHan et al, 2014; Neta and Huie,
1988).

Fig. 4= 8P A8 slol=sAopdl ¢ afol| o}
Ao AES Al Axs Yehd Aol 44]
Hhgox H s TFHE Slol=Edol Y F
| w2 AALS BusEd, 25 d B4 24
oA slo|EgAoS FYUSIAS w AAEELS SVt
= A°o=Z Yepdon, PAH:PS:Fe:HA2] & H] 1:100:
10:10014 7FF =& AAEES RA) AFLAEY A
A Afoxe} FRPIA|R sto|=g4ol] Hlgo] F7I5h
o wa} AAEo] =7F5H) PAH:PS:Fe:HAS & ¥

B

S|4 (PAHs) L AEYC] #8k 4ts} A] d EAdsiA|e] ek 69

1:100:10:202} 1:100:10:500014= AAEE Z7180] 24|
e Aoz Rt o) oA el nlel o] wek
9] slo|==2olrlo] A Bnk opjg} LS AT
a1, 2k g)za} wksEle] PAH ABLE Welishs U9l
o7 Awst = QIth(Han et al, 2014). AA&E] 7%
=7 VERG PAH:PS:Fe:HAS] & W] 1:100:10:1001 412
7zt d gAY 23S By AAEE FUHee
FeS04(17.6%) > FeS(12.9%) > Fe(0)(5.4%) 22 JERE:
T} FeSO, FA] sle|=E4ollel] o3t AASE S71 &
W7t 7P =& 0= UERTH FeSOE 3 EA3HA
2 AREE A9 Fe¥' ol FHIE FYH7| wio] Fe*
o] 71 w2 A WA=, Ak} Al Al F90E 3f
ol=gAotHle] kel ZRgol| oJaf Fe''o] Fe*'® Zhe]
A7) wiEolt.

3.3. Z2o|EX| Fofl hE 2HEHA ASt A

A o|EAS FUTFo=ZH SAsAZ ALSH H o]
o] HHE WAste IS =ola, Ak &4 Tt
&3pshe aE 7|dEd 4 Ath(Zou et al, 2013). T2
AHE-El= ZAYolEAZE pyrophosphate(PP), citrate,
(S,S)-ethylenediamine-N,N’-disuccinic acid trisodium salt
(EDDS), ethylenediaminetetraacetic acid(EDTA), nitrileo-
triacetic acidNTA) 5] )2 ™(Rastogi et al., 2009;
Zou et al, 2013), o] 7kxdl & AoMs f7] Y
O|EA|R] EDTAS} 7] Z#°]EAIR] pyrophosphate(PP)
o] Yol wE P 48l FEFS SRISHAH

Fig. 59 EDTA FJoll WE AF AT 25
ZA7= VERJSITE. DBF, FLE LU9ESIAE EDTA 5
Aol 3 AAEo] S A & F AU,
ANE QAEYNNE A E0] F718HA] 24Tt DBF &
HEYNMY] AAEL FeS04(18.62%) > FeS (12.2%) >
Fe(0)(10.8%)8] 0% Z7135130.0™ FeSOQNA 71 =
A 7o Al AAE B3 64.5%% 7P =4 U
Ebstth. FLEQ] A AES Fe(0)(10.7%) > FeS04(7.05%)
>FeS(2.96%)S] 0= Z7lale] Fe(0)lX Hoh 83.8%
AAEA}. EDTAE w4 Jol23e] Zgteo] Hojuk
Fe*'oll x| Fe''29] Whe W3S vhe o) Qlo] st
23t a3E Z7MA1Z1tkDong et al,, 2017). 3
EDTA YA A== FARER, RHP 3] o 2
®), (99} &2 Hhgo] WAlsle] Fe¥'7t Fe'2 HSHE O
2ZH © 2 AEaEsS 7Y 4 JUthHan et al,
2014). B& A3 AA 3559 EDTA(PAH:PS:Fe:
EDTA = 1:100:10:10)°14 A|AE0] Ast=d 28t
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Fig. 5. Effect of various EDTA concentration on the iron-
activated persulfate oxidation of PAHs in the artificially
contaminated soil. Reaction time =4 hr, PAH:PS:Fe =1:100:10
(mol ratio). (a) ANE, (b) DBF and (c) FLE.

2k} A] ko] EDTA7} PAHS ZAIsl] PAHS AIA
= Walsly] wlEo|th(Venny et al., 2012; Dong et al.,
2017).

. 3+ 2+
R + Fe© —Fe  +products

®)
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Fig. 6. Effect of various pyrophosphate concentration on the iron-
activated persulfate oxidation in the artificially contaminated soil.
Reaction time=4hr, PAH:PS:Fe=1:100:10 (mol ratio). (a)
ANE, (b) DBF and (c) FLE.
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Fig. 7. Effect of chelating agent addition on the iron-activated
persulfate oxidation of PAHs in the field-contaminated soil.
Reaction time =4 hr, XPAHs:PS:Fe=1:100:10 (mol ratio).
Effects of (a) EDTA and (b) PP concentration.

FeS(3.07%) > Fe(0)(0.89%)2] +© 2, DBF E%S Fe(0)
(10.4%) > FeS(6.83%) > FeS04(5.85%)] 2, FLE E
RS FeS04(10.7%) > Fe(0)(3.11%) > FeS(3.08%)S] 2.
2 247} SV EDTAS} vlusle] zh B2 o)
AAEL DBFX= BHAl UERAITE ANE®} FLEOIA
£ =& AAE8S Bk PAH:PS:Fe:PPS] EH] 1:100:
10:10014 PAH AAELS 2318 Zrson, E3)
FeS0,8 FeSolldE= F43F 747 Uehe=d o]
pyrophosphate(PPy’t 37F 024 =olxl pHO o=
HOlth Akbari et al. 2016y F= ZA3 © 3Pk A
glollA pH7} 7181 iron oxide % iron hydroxide”}
*MHO% Ao =N A3Pte] Ssls Wsfgitial vt
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rr

AL AELS] g EDTA t}l pyrophosphate(PP)<]
TU AP AAE B, A AEYIA HolEA
2 24 s ohastl Aol o9l e 1o
2 UERItHFig. 7 3%). 8k%o] B 3 5] pH

=7 Ay} EDTAS] 7% 5.20-8.92, pyrophosphate(PP)

N

o] 7% 6.14-9.52 E=A| YERITE T AES ] A
X A o|EAY] &7t SIS pHt Tkl A
o] Uehgtet QJIFeHAESe] pHIE 45630 H] HIS|
AYES pHE 8.64% o} LHO|EA|Y FYo= Ik
pHel S7PF © A JERrd ez Helt) welA pH
7} =OFAAA] iron oxide®} iron hydroxideZ} A43E| o]
(Akbari et al., 2016) Z}3Hke] S8} o]Foix|A] oF
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