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B OCRAARSE W T BN (Na,S,0,) Filid AL A (H,0,) BN AL 5515 499K Fe 3 157 iR
T8k (FeSO, ) BiRhIE AL G54, AN AJETERR (HA) , 23550 (PAHSs ) B 225, 2007 1 AF 5 FIsie = v igs
FIPTHRBGE PAHs LUK HHEPORFRISE A28 PAHs & BRI AL RE I, 4007 T 38 o PAHs BYFRME 24 i vk
(BaP,) S5 REH], 2k 7 FUESE 3T L PR aT S S PAHSs, S 71 0.2 gekg I, H, 0, 141
BT Na, S, 04 1AL 0.448 g-kg™ I, 405K Fe B BOTEALBORAE T FeSO, ; A 2 g-kg 'HA J5 PAHs
Em A RS, RBREFET R H,0, HK Fe B A HA B4 A0 B 5 + 8RN0 S8 v s 700 il 42 103 PAHs & i 35 0%
IS, FeAE 88 i) R B SR S v s B B ey, H o R PR ST AR IS PAHSs 1 R 3Ky 36.8% , TETE
S Hh SRR BB B3 45.3% 36.4% . IR RBRFFNGSE D AT 2 K 3 IR PAHs T4 3K
5 6 B TF45A 4 PAHs, it H,0, 40K Fe H3 R HA BEAAL LS £ HE PR TR 25 &4 PAHs “F-3 LBR%H
B, 1K 44.5% AL AN ERTE | A5 A BN 3R A A i WA R HL 0, 48K Fe B3I HA A AL HLS 3638 M -
4 BaP, A
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Effects of chemical oxidation remediation on concentration
and composition of PAHs in agricultural soils and spinach

JIA Cunzhen' LIU Xiuchu' CHAI Chao' WANG Jifang' GE Wei*™

(1. College of Resources and Environment, Qingdao Agricultural University, Qingdao, 266109, China;
2./College of Life Sciences, Qingdao Agricultural University, Qingdao, 266109, China)

Abstract; Two oxidants, sodium persulfate and hydrogen peroxide were used to remove polycyclic
aromatic hydrocarbons (PAHs) in combination with two activators, ferrous sulfate and nanoparticles
of zerovalent iron, in the agricultural soils and spinach with pot experiments. Humic acid ( HA) was
also added. PAHs bound to endogenetic soil humus in soils and the effects of chemical oxidation
remediation on the concentration and composition of solvent extractable PAHs in soils and spinach
were investigated. The toxic equivalent concentrations of benzo(a) pyrene (BaP, ) in spinach were
analyzed. The results showed that, after 7 weeks, hydrogen peroxide was better than sodium

persulfate to remove solvent extractable PAHs in soils when the oxidants in soils was 0.2 g-kg™" ; and
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nanoparticles of zerovalent iron was better than ferrous sulfate when the activators in soils was
0.448 g-kg™'. PAH concentration decreased and removal percentage increased in the presence of
2 g-kg™' HA. The combined treatment of hydrogen peroxide, nanoparticles of zerovalent iron and HA
showed the lowest concentration of the solvent extractable PAHs both soils and spinach, and the
highest PAHs removal percentage in soils and reduction percentage in spinach. The removal
percentage of solvent extractable PAHs was 36.8% in soils, and the reduction percentage of spinach
in shoots and roots reached up to 36.8%, 45.3% and 36.4%, respectively. The relative removal
percentage of 2-ring, 3-ring PAHs in soils and the relative reduction percentage of 2-ring, 3-ring
PAHs in spinach were higher than that in 4-ring, 5-ring, 6-ring PAHs. The combined treatment of
hydrogen peroxide, nanoparticles of zerovalent iron and HA showed the highest average removal
percentage (44.5% ) of PAHs bound to endogenetic soil humus. Chemical oxidation remediation did
not have effect on the spinach biomass. The combined treatment of hydrogen peroxide s nanoparticles
of zerovalent iron and HA showed the lowest toxic equivalent concentrations of BaP, in spinach.

Keywords:PAHs, oxidant, activator, spinach, chemical oxidation remediation.

LI J5 4 (polycyclic aromatic hydrocarbons , PAHs) & 48 —28 &4 WIS M4 A LR A Sk &
W AEFRIE p sl A AE T FLE — R R A M LTS e, BT B0 B0 (B rE Y A MLk be KRR
MRAEJEFREIREE h PAHs 19 FZRE HEBCRIFREE T i) 90% 19 P AHs 3 ot KA S iR AR e & A
35 FECAIEINCY PAHs SR R AAEAA A PAHs A& W HA (ROK VRO R 1, 25 A L35 2 0l L
RV A TR A B, A -39 A A5 T R it 2 17 ELa A AT ) AR 2R 1 WO P AL R, 8
BB R N RRE T VB TR S

TP BTG R E RO RS RAURBLY 22 e, EEA Y EME S LB R
B AR A B R AU R A AR R 5 TR ELAR O A O vk A O R R R
B A . FAT TR AL AR i AL & R B PR AR Fenton 15078 2K Fenton 155 K ad AR £
45 R 1016 2 B RRCR A 22 5 0 0 1, 0, 7E AR RMEAL £ 1 F 7= AR 2R 06 1 2K (- OH) | fili o
VA% PAHs 254 ML 0 i A BN 1 i BRIR S 15 AL ™ A= BRI AR A i 2 (- 80, ), B 2GE i i T4 R 7
G ERMAY R A RN Bt F AR A0, 8 58 R (HA ) & — Bl R SR 04 22 106 PR 7700, 238
PAHs [ AR 2t PAHs PUSUET  WT I T8 PAHS 55 14000

H T, 2707 e £ 2 X PAHS T5 e85, E2A 2 PAHs & i, HABE W — 2% BT
HEPAHs &5 X T A 598, 45751 T BB R 0k is Bk (Rl LA K ] BE X A A ) A 17 AR 52 i), e LA
H AT fb2E 07 AR R 1 58 PAHs 8 SCRBEFEAR XS 3L/ Ak PAHs BAGSABR ORLSA SR Bk,
JEFETR W) B LR SRS AN A H R T TR LI AR A5 A4S PAHSs (R BRSO Z
5T,

ARWFFELATG A T LS BFFERT S, i TACH L 3Erh PAHs FOWREAR Ti5 9434, AR50 i
TAREEAL R AT A HA BB A5 10 T A58 T AN S8R5 AL H, 0,  Fl Na, S, O 9 Fft 4541 75) 1) X6f
PAHs {534 H RIERE I RCR 704 7 X TR R 455 745 PAHs 1 2 BRACR s 7427 5 B 5 45
1Y) [F B AABLE SR , 23 B 1 9SR  AR IR 3 PAHs 1Y 3 i S LM X VR I ke B
PAHs 15 %4 H 3 A (IR .

1 #8571 ( Materials and methods)

1.1 MH

P I A A 4 48, HESR AN AR, pH H°h 6.81, LR K 513 ps-em™', B fE A K
110.3 mg-kg™", BB N 316.7 mg-kg ™", A K 52.83 mg-kg™" , AAHLE A 19.80 g-kg™'. T3P 16 FhiF
FIPTHEEES PAHs B BN 838.92 pg- kg™, H A Fl PAHs (& B ANER 1 iR, 0045 . Z5(NAP) JJE
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(ACE) JeHii (ACY) .75 (FLU) 3E(PHE) (B (ANT) (B (FLA) (2£ (PYR) (A Jf (a) B (BaA) &
(CHR) A (b) 28 (BbF) AIf (k) % B (BKF) AIf (a) # (BaP) . % Jf (a,h) B (DBA) [ Ffi I
(1,2,3-cd) T (IPY) FIZEFF (g, h,i) 6( BPE) A4 Maliszewska-Kordybach 13 PAHs 75 3PN HRIE"
M Ay v B TS e 3 LB P R S IR A S ISR .

F1 AHRHEP 16 Fh PAHs (&H
Table 1 Concentration of PAHs in tested soils

PAHs %L Ring number it Concentration/ ( pg-kg™)
NAP 2 96.67
ACY 3 33.33
ACE 3 22.48
FLU 3 119.33
PHE 3 185.67
ANT 3 99.85
FLA 4 77.37
PYR 4 80.85
BaA 4 20.03
CHR 4 64.85
BbF 5 8.33
BKF 5 11.65
BaP 5 12.33
DBA 5 0.67
BPE 6 3.55
IPY 6 1.95

1.2 Fik
1.2.1 AR

SEEG IR 8 A A B R 28 40 B A A Rt IR CK. 3 99 i A 5 HR R n 6 Ab AL ) ( Na, S, O, il
H,0,) , R EALFI S5 A 91K Fe #) (nZVD) Rl FeSO, PR IH AL, o T 1458 3 PAHs A7 ff 1 | 4 b
AL EIMA HA BB 3 4~ A HLAAE i WL 2.7 i B AR BT 5 i 9 4 B 3% PAHs &
RTV5 G % i s 5 Na, S, O, 1yt it , ASWF 58 Na, S, O, 1Yt FH it 2% 1 SCHkH PAHSs
% 5 2 I A6 ) 4 Na, S, 0, 54K 7 B EEJR HE R 10:10) R 18 T2 AR 0 ) L4, H, 0, ik & T
AH ] B4yt FH 2t H, O, BETRLAY, 0.5% POV T 3 AR DR HE K, AR 3 — R AL

F2 IR

Table 2 List of treatments

Qb P Fe JEZ& Fe/ Na,S, 04/ H,0,/ HA/

Treatments Fe (Type) (g-kg™) (g-kg™) (g-kg™) (g-kg™")
CK — — — — _
T1 nZV1 0.448 0.2 — —
T2 nZVI 0.448 — 0.2 —
T3 nZV1 0.448 0.2 — 2
T4 nZVI 0.448 — 0.2 2
T5 I 0.448 0.2 — _
T6 I 0.448 — 0.2 —
T7 I 0.448 0.2 — 2
T8 I 0.448 — 0.2 2

PR 1.75 kg ALBEJS (4 13 TRR b ST IR R 35 2 BB AR AN G s — 2400 R 2P IR e
BA 10 RS Ot i B AT, AR DI IR 3 d BERE 1 K, ORI LSRR 60% 7 JR e R,



73 PP AP A S X0 AR LSRN rh 22 PR D7 Je 35 R IR 52 1) 1521

SEWCRAY A Y | IR AR TR PAHSs 5
1.2.2  PAHs By#2H5 5k

- AN S P R TR A PAHSs SRS SR BOGE SR SO A R UL B PAHS YR IA
F AT HR IS P IO HLAR AL BR AR

WK , B SR RN ZE I P ZE I KT Ve T34, W T R 1 N 5 K R B AE 2 g (FEYI M E 2 o), T
50 mLELDAE A 10 mL S F b, 35 B, TR KB A ZEICL h, 2L 4000 r-min™' B0 10 min,
U3 ml ¥R EMRE (L2 4 ¢ TOKBRIREN, T)2 4 ¢ L) LI 15 mL & H b 1E 2 ke =
L:1(V/V, R IR YeMt , Ve AR 28 et 25 &, 40 °C HIR Fyk4iin +, T ELE A S 2 mL, 330.22 um
FLAR VBN 5 5 AKE S LA DU

Mt rh E HIRGE A8 RS &8 MRS R YIRS & It RS & 85 EA
A Doick Z5HE H A SEHEHUR i AR IR AT

(1) FREL 10 g HHERES 2000 — S H e (DCM) $2 U , 75 209 77 il $2 BUS 19 PAHS 2 UTvE st 1+
FFIA 0.1 mol-L™" 1) NaOH 30 mL F# 75 $2 8, F§ 6 mol - L™' 1Y HCl Bfb % pH =1, Bl )5 B 35, 9]
EIEW A 30 mL DCM Jf 875 Bt DCM JZ 9% W 2 A0 0T e 4, 15 3 & IR 45 5 81 PAHs (Fulvie
acid-bound Ahs,FAAHs) ,JLVEMHE T /SN A 30 mL DCM JF#8 75, b3 W Ak F e a5 15 3 S e 45 &
7569 PAHs( Humic acid-bound AHs,HAAHs).

(2) Ze3 NaOH $2 U IUTIE Y e s - B EE/DCM (1:1 V5K) (DEM  DCM 4% 10 mL #4787
PEH K LI CE I IR itk Itk e | 15 2 MR 45 5 88 PAHs(Crude humin-bound Ahs, CHAHs).

(3) 18] (2) SR UTTEYI TP INA 20 mL 6 mol- L") HEL F1 HF (1:1,V:V) , 2B+ A5 H 5
P I B0 5 B VER, VIVEY FH DCM Y% 3 Ik, i IS A ) B W, PR AT Al Ak I F vk 4, 15 20
FE A W) 45 A5 251 PAHs( Humin mineral-bound Ahs, MIAHs).

(4) EBRG W55 BOTTTE Y HEH B AE/DCM (151, V: V) \DCM . DCM 4% 10 mL #E47 i 5 $2 1L
B0 JE I E W A4 I e dn s SRR R 55 A A ) PAHs ( Kerogen-bound Ahs,KEAHs).

JITA 11 A SR A RIRE 0 i 380 8 4 7 20 S ARG T 2 R0 2 Sl G T 25 R K 1% 18 0T H €213 ( HPLC/ UV -
FLD) 53 #fr.

1.2.3  JROAH 835 23 A A 4 42 A i et DRIk

TRANAH Ry HEE- /K SR B BE IR DR AN 524 2 ARG I 25 53 BR 1 7 v 40 B A 16 il PAHSs. 5840 RN
RGN 47 2R R 4 V148 S ELAER MRS 8 i LB A AG TS 5, LA Oy 3 B2 P 2 %5 Sk ™ 3t sh A
K 1.0 mLemin™" A 40.°C , BEFE RN 20 pL ASCE R A28 FUSEE SEATRE S 28T LRI 1] iR 45
D7 B B . P AHs A2 A0 AT R S RS IE i R R AT, B SRR O i R AH O R B R T 0.999,
NAP [ 62% , Hidth 15 F PAHs [ I 7E 86% +15% 2 ).

1.2.4 Sl

TESERE R AR ST RAR AN ZE 0438 HIZE IR/, B ARIR THE Y R /K 3, SR 05 FH KT 23 30 Pk BUAR,
RN E i, TR B ARAE AR AR i A P i
1.2.5 +3Erf PAHs BBRFRE LT PAHs /0%

HRAXR=(C,-C)/Cy, X R BRI/ WD % C, . PAHs W1 H B, B 7 & J5 o I %k e Ak
Hrt PAHs &1, pg-kg™' 5 C, . PAHs Fvk B B 7 J8 5 Bl in AR AL 3 PAHSs &5 pg kg™
1.2.6 P3¢ PAHs FEM Y bk B

PAHs (Y #EME Y S BE (BaP,, ) % AT (a) BEERREVE 2 B (TEFs ) R Y AU

BaP,, =C xTEF,

AP, C..PAH &5 ng-g'; TEF, . PAH T 24 & K 1.
1.2.7  #dnabig
] SPSS 22.0, R JHEAN 25 2240 )51, F5 18 P<0.05 1Y B 2 MK S X S4B 22 [ A8 22 S TAG 6.
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2 5 59718 (Results and discussion)

2.1 +3irh PAHs S EMERRK

TR E R A ES PAHs A& LA 1,8 b BRE PAHSs 5 38 1 I T X4 B8 ( P<0.05) , Hip 4
i H,0, 40K Fe K3 A1 HA BEA AL (T4) J5 PAHs S8 5 fI%, N 522.97 pg-ke™" , M4 FeSO, Ml Na,S, 044k
FEAY TS5 PAHs 7 i i , o0 691.23 pg-kg ™.

Lo R b A8 AR 50 B b BRI & B, T2(575.93 wg-kg™) Al T6(623.33 ng-kg™') 3 PAHs B &
S3 R KT T1 A TS5 (P<0.05) , 3R H, 0, BRCR B .47 T Na, S, 0.

WA PR L B, T1 70 By 638.68 pgeke ', LT T5(691.23 pgekg ') | IAIRE 2,73,
T4 W&o ) R E T T6 7 . T8, Rtk , 7258 fL A HA I — B G 0T, 24K Fe KAk 2 +
e PAHs % 1A 0 K T FeSO, AL 3 (P<0.05).

BEAR , FERFHAK Fe M0 4 AAbEEA T4 rh & & (522.97 pe-kg™') BEL T T2(P<0.05) , A ik
WINT HA J5 -3 E) PAHs &2t — K.
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1 Ab3EE +I1FEd PAHs &
(T TR R A 25 b B B) JC P 22 57 (P<0.05) , FREAR Ry ik 5 5 22 5, R IRl
Fig.1 The PAHs concentrations in soils with different treatments
(Note: Same letters.mean no significant differences among treatments at 0.05 level,

and different letters mean significant differences. The same below.)

I I AL EUAS PAHs 1 25 BR R L3 3, T4 19 R BR R iR, N 36.8%, Hoh 2 37/ 3 R K F
40% , il 4 ¥5.5 F5F6 A B/NT 28% HiAth 7 Fpab B BR TS 48,2 38 3 IR L BRFWINE T 20% ,4 35 |
5 IR 6 IR Je BREAHRTEAR , BHILE H,0, 49K Fe ¥y Al HA BEA A0 FE R 13 1) PAHs LB %S,
{EFR TR 3R PAHSs OB /K VAR L TR RS G0 | 5125 5 ol - S0k W i, wfe A S Akl Ak, S8
IR PAHs FEXE A7

F3 LT PAHs MY RBRFE (%)
Table 3 Removal percentage of the PAHs in soils( %)

PAHs T1 T2 T3 T4 T5 T6 T7 T8
2 3 2-ring 36.1 46.6 39.1 50.2 24.7 40.9 27.4 35.0
3 ¥f 3-ring 24.6 30.9 28.8 40.2 17.3 26.0 22.4 29.9
4 3 4-ring 16.7 25.3 22.0 27.6 12.8 18.3 17.7 20.8
5 ¥ 5-ring 5.3 16.6 15.9 20.4 8.8 7.7 8.8 7.6
6 ¥ 6-ring 7.4 6.7 11.4 16.0 3.0 3.6 8.9 11.7
> 16PAH 22.8 30.3 27.4 36.8 16.4 24.6 21.0 26.8

X PFEE L A BTIR R V5 Yt Na,S,0, %7 PAHs 19 2R BUR L H,0, 47 (BFEABFFE 1, H,0, 1)
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FiBRBUR L Na,S, 0,47 , 3 1T G 2 R W AR FE Hr il T 50 2 (9 R A7), Na, S, O IR A BE W i 2 4%,
M H, 0, JEFEVE K E WA, 25 B S5CR AR X 5 1 AR BF 58 v 4 FH A Na, S, 0, IR E N 0.2 g-kg ™', B
PAHs EBRFRA K] 22.8% 38X P15 BFFE i B Na,S, 0, B EE N 952.0 g-kg ™', B PAHs By 2%
J92% , 33 ] BESE AT B AR BB B 22 A0 R R P S R SR TS e, 38R PAHS
F R B 1.89%10° pg - kg™, ASHIF 5T 09 63K 1 458 Sy v BE VS YL 9k B 398, 8 h PAHs (9B &l
838.92 pg-kg™, BILAHFSE v ] L3P U AINAY Na,S, 0, FI AT A1, /T4 2 BF5E 269, 24 Na,S, 0,
R e B A v I, Xof - AR 2 5, AN 8 pH A WL i, 359 R TR R A 5 g, 7 L 2 6t - gt s
BN R B AR DRIk, AR T - B A8 52 0 2% TS B R S SRR A T e I AR g R
il T A6 AR

WEFEFRI, 9K Fe Al Fe( 11 ) ER AL AT = A AH N 19 A PR 38, BRME A5 T 900K Fe M 23 MiE4L
H, 0,74 OH , HAE AL HLE AN R )

Fe+2H ——Fe™ +H, 1

Fe’*+ H,0,——Fe’ + HO + HO-

TIEPIAGIK Fe ByJm , AW Fe (1), IFBERAN S, BT LUFALRCR 25k Fe (1) AU Z4F AF
FAFH T Y9IK Fe BragAbBEIBR PAHs MOSUREL L Fe( 11) A9, 752025 58 8 SR S50 i AL EL — 34

BEAh  ATEFEH HA A 345 PAHs ZBRFCRIIMER , X T RESE R F AN, —J7 1, HA AH S TR A
PEF, 380 PAHSs A3 fif 1, f2 2F AL R PAHSs B9 25B%, 55— J7 1l HA BT {2 k3 A= 0 % PAHs 1949
lg%%[m-
2.2 HHERORZEAS PAHs B & AL BRF

TIEFAFLE G PAHs Era WL 2,060 LG 1 AP L% 31, HAAHs A1 CHAHs S5 /% & 13 s T3 71
A PAHs. A FFEE 3 LA LR & B b 45 A4 10 7 Bt b s AR 5 i A -4 A AL
TS AR A R, X S AT A RIS — S S A2 T B A RS  PAHSs 19 5 FREE A A S A REIL,H
BRI | R[] PAHs 254 S AR FL A IR,

FAAHs 1 MIAHs X /5P 25 4 25 0 A A A 25 4 881G, X Al fE & T FAAHs 1 MIAHs 231
Jewl iR S O e S R

4000
FAAHs B HAAHs 0 CHAHs MIAHs B KEAHs

%)
(V3
=3
(=]

3000 | [
2500 F
2000

1500

PAHs concentration/(ug-kg™")

1000

w
f=3
(=}

Different treatments

2 BEPORFSE G PAHs i
Fig.2 The concentration of differently combined PAHs in soils

FIEFRFEISE A4 PAHs BRI 4,T4 h 5 FORRISS A S MF-2 L BR i m , b 44.5% . TR 45
G745 PAHs H#B, CHAHs AU BRI 5, N 46.5% ,HAAHs AYEBRR AL, N 21.8% AW ER T,
HEA S St — @i, F P HA BB 4544 PAHs & LIS RNE B H ok, i e 45 4 2
PAHs 23 [ 75 R A B 0 >0 DI Bt i 9 4Lk ) S X S AR 9T T4 v Bt H, 0, (4K Fe AT
HA BEA LIRS  ARRISS A2 PAHs V34 25 55 Z8 05 2 i 45 SR A A%
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32.0
37.6
29.5
44.5
35.9

- Average

1.1

KEAHs
30.6
43.8
38.3
43.5

31.5
47.2
22.
29.
32.6

MIAHs

e

CHAHs
40.8
50.0
15.9
79.2
46.5

HAAHs
29.0
9.3

7.8
31.0
21.8

®4 THPARFELEAS PAHs EHR%(%)

Table 4 Removal percentage of PAHs binded to endogenetic soil humus( %)

9.9
47.9
31.8
54.4
43.5

FAAHs

T1

T2

T3

T4
-5 Average

132 PAHs &8 b %

1524
Kb Treatments
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2.3.1

[ )
, N 315.78 pg-kg'. AT FP A
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Fig.4 The PAHs concentration in spinach in different treatments

Different treatments



73 PP AP A S X0 AR LSRN rh 22 PR D7 Je 35 R IR 52 1) 1525

T A A EUS PAHSs A8/ 3 0L 36 5 (3R PAHS (938038 Rk 2805 T8 3 PAHs B0/ % {3
ANTEHL R HE, T4 v 2 3RF1 3 BRI R R 52.4% 36.4% ,4 3 5 3 F1 6 BRI /D24 5k 30.6% |
34.2%F1 21.6%. T LA—EFERE I, 3 1 T SR ER PAHSs U870 R KT 538 PAHs B8/ 3%,

RS WERT PAHs AR (%)
Table 5 Reduction percentage of the PAHs in spinach( %)

PAHs T1 T2 T3 T4 T5 T6 T7 T8

2 3 2-ring 39.2 49.0 35.5 49.9 46.5 40.4 20.1 27.7

3 ¥F 3-ring 24.9 32.2 34.3 47.1 23.0 36.4 36.4 45.4

Hi 1 4 3 4-ring 21.5 34.7 30.5 39.0 15.0 28.4 30.9 36.9
Shoots 5 3 5-ring 32.0 37.1 50.1 44.4 58.0 42.2 47.3 42.1
6 ¥ 6-ring 26.7 29.4 18.3 68.0 50.2 19.4 30.6 21.1

2. 16PAH 25.9 34.9 34.0 45.3 25.3 34.9 33.6 40.9

2 ¥ 2-ring 46.9 47.0 26.7 52.4 20.5 29.4 27.5 31.8

3 ¥4 3-ring 18.8 27.7 24.3 36.4 19.4 28.3 278 33.4

R B 4 3 4-ring 12.8 26.7 25.7 30.6 12.1 24.5 16.0 26.1
Roots 5 3 5-ring 41.6 45.5 27.0 34.2 31.8 331 27.4 27.0

6 ¥ 6-ring 13.5 11.5 12.7 21.6 40.2 6.1 22.6 31.2

> 16PAH 21.4 30.3 25.0 36.4 18.2 27.4 24.4 30.9

FEAMESE o, R A BT PAHSs SRRl # 4 PAHs & A28tk MiZE 1L, X 5 Khan 557 f9 %
Bl—34 . Kipopoulou LT BURIR PAHs 78 38 b 9 82 Bl B 58 R, BT LA 25 5 Bl AE 0 AR 28 BT . 1l
230, Zad A F T A S I TR RER PAHSs B9 ZEBRRE T E 0. 3 32 TP IRIR PAHSs B9 /b 5 14
HIGIR PAHs 19 22587 56, I LAE 2 IKER PAHSs AU R 5 = 25,

WS L PAHSs (1) BaP, W3 6, AH L TR HABALFE T 8 BaP, #8A WD, Jo T4 & BaP, fix
1%, 4 1649.1 ng-kg™" , & BaP /D2 7K 66.1%, R 4050 H,0, 4K Fe Byl HA 1A b3 5 s/
THERHL b PAHSs (98 BaP, 3R TR LSS 12 4.

%6 U5 L F PAHs BaP, (ng-kg™)

Table 6 The toxic equivalent concentrations of BaP,, in shoots of spinach( ng-kg™")

BaP, TEFs CK T1 T2 T3 T4 TS T6 T7 T8
NAP 0.001 20.5 12.5 10.5 13.3 8.6 11.0 12.3 16.4 14.9
ACY 0.001 7.5 4.2 4.0 4.6 2.2 4.2 4.3 3.0 3.6
ACE 0.001 4.7 4.1 3.9 4.9 2.0 3.2 3.6 3.1 2.7
FLU 0.001 252 18.6 16.0 15.3 6.4 25.2 16.6 16.3 14.1
PHE 0.001 452 36.8 33.4 29.3 22.0 35.1 30.2 30.8 24.5
ANT 0.01 236.5 161.2 148.0 158.0 90.2 142.0 128.7 144.2 131.2
FLA 0.001 16.3 8.9 8.4 8.8 5.7 20.7 11.4 8.2 7.5
PYR 0.001 18.0 13.0 12.1 12.6 6.8 10.7 13.6 12.0 12.5
BaA 0.1 421.5 358.4 302.4 313.3 65.2 155.0 206.7 213.3 201.7
CHR 0.01 102.3 127.8 83.7 93.5 66.6 85.7 78.8 114.3 87.0
BbF 0.1 232.1 188.3 90.0 185.0 126.5 133.3 171.7 75.3 31.7
BkF 0.1 265.5 113.3 168.3 116.7 158.3 103.3 133.3 133.3 188.3
BaP 1 3245.6 2583.3 2550.0 1048.3 933.3 1050.0 1666.7 2183.3 2516.7
DBA 1 156.6 100.0 133.3 112.5 114.6 105.3 130.0 150.0 133.3
BPE 0.01 9.0 6.5 5.3 6.8 2.5 33 6.7 6.4 7.3
IPY 0.1 50.2 38.3 46.7 46.3 38.0 36.7 46.5 333 38.3
> 16PAH 4856.8 3775.3 3615.8 2169.3 1649.1 1924.7 2660.9 3143.2 3415.3
Reduction 22.3 25.6 55.3 66.1 60.4 45.2 35.3 29.7

percentage/ %
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M 6 F i, FEXTHR A, BaP il BaA PHFIEUR PAHs (1) BaP, FLIHCAt 14 Bl PAHs &, 2 B3 581 135
FREME EEOR F X BIRD PAHs. 240 B S |, T4 H BaP il BaA 4350 /0% 933.3 ng-kg™' .65.2 ng-kg ™', 5L
T4 (.54 BaP, W/ A BT & 48, A H, 0, 55 Uk AT 58 h BaP 9 RBRACRELF Y | gk Stk i
PAHs P 5 HAE K HHERS b PAHs MMk BEA 21, B L 848 H,0, /b3R5, 1 AR AR ) 3 5%
BaP M it 508 /0 | X AR I 45 R — 3.

3 %518 ( Conclusion)

(1) TR 2SR5 A P RS ] A TRV B Ak - 380 PAHSs J5, H, 0, Y SEALRICRZEAR T Na, S, 0, , 44K
Fe By ALROCR ZAL T FeSO, A HA J&, £ 3EH PAHs 1925 BRACKR I 56 [R] I, 1949 4846 57 X IR 2R
PAHSs i) 25 BR300 TR 8.

(2)H,0, 44K Fe ByFl HA BRGAEHET | RHEPRF S5 525 PAHs 1YV 2 BR800, Hrh CHAHSs
(UESiES o4

(3) A2 T ER AR B SR 10 AR W R A2 B2 WAL R AE H, 0, 4K Fe A3 A1 HA HRG AL BT, PAHS &
FR A, HoPRER PAHs #9980 R LU R PAHSs &, RN S B AR PAHs ROFEPE Y & ik B .
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