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SRXTEFMEHREREELES PAHs £85
AEHMES T

IER BERE X% KUK Ak

(R RUAR M R 2 A LIS Qe il 5 B AT ST B, B st 210095 )

B B RIELEUK TS T (Euphorbia lathyris 1. ) MEEIK % ( Oxalis corniculata L. ) H B4R %2 0 ~3
3~6.6 ~9 mm HYRLER - HE, 50T T 2 535 40 (PAHS) 45 4 45 5% 9 #1116 44 ( Parent compound of bound resi-
due, PCBR) 76 HE 7 3 riv i 7 b Bobh B 40 A B . ek - S0 S BB 0 25 SR 4 W, 7 1k AL B AR B £
HEeR AT 4 10 B PAHS (19 PCBR, 3R 4RFF -3 PCBR A4 A48 3.31 mg ke ™', 7 FAR PG 14 (1.07 ~ 1.82
mg kg '), HBREHEA PAHS 9 PCBR 25 Jk B 5 KR 2 F 85 (0 ~ 9 mm ) AR AN T, T FHVAR BRI (R) oK B
AR 3R PAHSs 9 PCBR & it 545 B3R 30 HE HL O/ (10 F B 5 R 0B 25 3 2 5 85 (0 ~ 9 mm) i 386 11 7
o 3 AESARFRX T, PAHs 25 PCBR 19 R {4 45.15% ~ 67. 66% , Forf 2 3% PAH 1 R {f & F (61. 18% ~
93.50% ) 4 R Al 5 ¥R PAHs 19 R fi /) (2.39% ~ 6.31% ) X % PAHs 1ty PCBR 7 ff i +- HE it T 5 4% fl.
PAHs fj PCBR 15 T4 THRBR 13l R (A T WS 55, 26 1 1 % 47 55 R T PAHs 55 45 75 5% B 5 {0 4R B ¥R g
PAHs %5 425 5% 5 (00 AR B3 B8 FE 45 5 4R 2R 40000 O M 12 45 5 5 5 U0, T PAHs F 26 440 48 B 3R 2 X PAHs

G55 ASER B W 4 A S B
K i
FESES  X53 XERARIREG A
Z I (PAHs ) & — 2K R IR h ) iZ f7 1

M AMEA HLTS Je W), BAT S =807 B0, 3E A -

J5 Gy R O] 5 AT BT A A s 3 A 1 T A

NEE MG A AR o PR B AN A 2R B A

23 (TUPAC) T 1986 4R i #Y A HLT5 e W 4 5 5%

B SOy Y B SE A I 24 h S ATYERAF T4 b

75 Qe ik B W) o L A4S 5 A R ok A R B

—LRET X M AN REERA R

WOE , LR AL & P s - W e A fF 8 T

S TS e, B 2R O AR RETE A L b AR i

PR G5 — Ak S A SRR

T AT 8 AT HIL IS Gl W A S b i RS S 1 R A

AR 6 A A S A BIL TS G W) XoF 1 9 BR 55 AH X

ERWAATEI S SR, — e fF 58 R BT, 7E R 85 5%

PERE SRR IR IR EE T, A HLTS e ) 45 5 S 5k B P B

1K fk & ¥ ( Parent compound of bound residue,

PCBR) {75 AT 4 g 70 4y ol R 250 a2 400k, £

ZARTHIE GBI R ER B A 11

b PAHs 1A 38 MO 45 6 25 5% B8 1 XU 4 ) 8
RAZ KTE

MRPRAZ T8 2 M YR R A5 sh 2 (e ) 3 AL
A 9 2 BT T80 AS ) 7 D b A i S el , &
MY —t W— M T e EE g R
PAHs 75 AR R H R ifp 2 e AR H: b 38 95 e XU f) o 2
ez =" KR R R 2 AR B R K
RSP, BT 25 PAHS SERH i AL
AR BROSCAE W B A T R R, £ AR AR K $R
w5 PAHs (9 /E Wy R v o ROREROE ELE S, MR R
3 U0 M A ) A AR B b B R I s AR 3R B S B R
SRR AR, Y A A AR BR
PAHs 255 2558 B 14 3 A 5 D0 A0 A7 410

WS RER A A5 Y4 X T 4§ ( Euphorbia
lathyris 1. ) FOEE3E B ( Oxalis corniculata 1. ) W Fp Hd
Yy MRS ] BB i AR PR 123, BIF 5T PAHSs 455 28
B B T RE AR AR G W TR AR B b v B R 0 A R

w [E R HRBIEE 4T H (51278252,41171193 ,41171380) FVLFR 44 78 H 7 47 3 4300 H ( BK20130030) #% i
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1 4] FEREFG GG T & 7 IS BOAR PR 238 b PAHs 4545 255K B 4 16 B2 23 A 113

WF5T 45 28 n] o W - e b PAHs 455 285 B 1A
AT DX 45 4 A3 H AR

Bk Tk

L1 a4

Bl E AR A M A SR 0 ~
20 em K JE &M, R Oy AR E, H pH
587 AT HLIE I H 13,6 g ke ' BVRL B BRI B AL
o 13.0% 60. 7% F1 26. 3% , Wik + 583k
AR ) 250 0 25, RBR R 2 ~5 mm 1 HE, RS
208 Joner 5 HGE 19 07 kL AP MR T T AT R
T 2 114 B AR AN (] B B 19 #R & £ # (rhizoplane ;0 ~
3 mm) ., B #H + # (strongly adhering soil; 3 ~
6 mm) FI A5 W & + k£ (loosely adhering soil; 6 ~
9 mm) %5 3 NARER LA, [ SR A TR %) R (3R
MPR) K. BAERER R IR T, UHE o 20 H i
JE& M. BAAE S R E 3 AT

T 16 B PAHs (IR & b AR B 3£ E 02si
Smart Solutions 23 H ; I Ky (A1 4, — 5 W ke Tk
T PR 5 55 Sl 23 BT 4l
1.2t # PAHs iy PCBR Ul E

FRICE R T4 3 ¢ T 30 ml JEEEBLA A
AL 121 /9 5 b ST ERIR 5% 15 ml, i
Z5H 10 min,#RJ5 F 4 000 r min "' &0 10 min, £
PR, EE MR 6 Wn, B3/ & PAHs
GRA TR LR RS R A 10 ml
WeE R 2 mol L™'#) NaOH % ¥, T 100°C F /K ¥
2 h,%#1,0k 4000 r min ™" HE L 5 min, IE
W, P NaOH vk 1 4F ISl vEOF 5 1
WA I HI 6 mol L™" HCL 1Y £ pH /N T
2.0, A 10 ml — 5 W e 5 3547 W —W A I, 2
ZEH 3 K o AEBOR 28 T0 7K R 4 ik 08 TR S, e
BEFERALET  WEEE A E 2 ml, 38 0.22 pum ff AL
RIS L HPLC 5™ o HPLC 43 #7 2 11 - € i A
4.6 mm x 150 mm Fg Kk C, RARKE, Wi sh A &
W /7K SR F NG -7k 4 BE 8GR R 1 ml min ™"
FEE 40 °C, BEREAE 9 20 pl,
1.3 HIE\EHITHH

H Excel B 44 X B4 o 47 4 #OF AR K, M
SPSS13.0 # 17 8§ A & Jr 22 43 #r, LSD 3£ £ 40 b
HE

2 GRS

2.1 tEPPAHs ZEETKENEE

+ 3 PAHs /Y PCBR & & W 1, a5 3¢
HEBR AR AR R 3 rp, 4G 10 Fpf e 45 i) PAHS
B PCBR, 2 ¥fF1 6 ¥ PAHs & — Fl, 23 5l hy %%
(Naphthalene ) #1728 3 [ g, h, i ] 9& ( Benzo ( ghi)
perylene) ;3 5 i = F, i J& ( Acenaphthene ) | J& /&
( Acenaphthylene ) #13E ( Phenanthrene ) ;4 ¥ [ = Ff,
MTE (Pyrene) (A Ff:[ a] B ( Benzo( a) anthrancene ) Fl
i (Chrysene) ;5 55 £ 7§, % % 9% [ b3 8 ( Benzo
(b) fluoranthrene ) #1753 [ k ] 9¢ & ( Benzo ( k) fluoran-
threne) . JEMR PR 4 10 F PAHs ) PCBR & &
o4 3.31 mg kg™, W T EAR N [A) B B AR B
T3 (p<0.05), BMELO~33~6.6~9 mm T
& FMRFr 84 PAHs §9 PCBR B &4 %0 1.07,
1.13.1.22 mg kg ™', BEIZ BL B9 )45 51 R 1. 11 (1. 24
1.82 mg kg ™', AEMR PR+ 1 PAHs 1y PCBR &
B R ) AR B A Y 82.21% ~ 209. 3% |, iX
s i TARPR TR T F] T PAHs S5 HLI5 4L )
LEO AT B R AL R . R R AT B g A B
AL AP L 2RI [ a ] B B R BAR AR B £ 2
(75 1%~ 23% , Cheema %" BF5E T w5 26 4 £
S rh 3R MR I A 1) B2 45t AR B o S 2 B A R
Al B AEMR PR S 1.88% ~ 3.19% A1 8.85% ~
20. 69% ;X LEMFFE R B, i T AW AR AR 1e) AR PR 1
TR O 5 2 I W), B e T AR B AR ) R B AN
PELL N PAHSs (4 42 ¥y n] B FE A £ 3 T 30 A= ) £
et PAHSs fREME

ANIFFRZE PAHSs 75 AR bR ATIE AR B 1 33 o 43 A7 A7
E2 5. AEMRBR L8, 2 3F PAH(Z%) 9 PCBR &
%, 5 PAHs & PCBR 19 58.20% ; ik 3
I PAHs, 5 2121 23.57% ;4 .5 .6 ¥ PAHs W43 5
5 8.76% .6.22% \7.62% , .4 BFIIES: """ 2
3 ¥ PAHs F 2R [ 4190 & H ™ by, 4 35 04 3R UL L
PAHs RIE T AR A BE . LRSS R KWL A
o s g EEATRE Ok A O H R 9 Al B =
i AR ol T BRI A2 M PR e 5, E S BT 6 ~
9 mm R fr £ 5 #4531 PAHs 1y PCBR & & & & &
9 LB 55 A AR PR b AR L, LE 5 R N 2 B8
(41.20% ) >3 3£ (19.38% ) >4 ¥, (15.64% ) > 6
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¥R 52 %

#(12.61% ) >5 ¥#(10.85% ) , T4 FH 3 MR
+ 8 3 4 35 PAHs 19 PCBR & i 5 & 1Y Lb 3 4%
Bk 23. 64% ~ 26. 17% F1 23.22% ~25. 61% ;
HYK K 6 R PAHs (18.23%~20.37% ) ,5 3§ 2 ¥

PAHs F K . 43 5l R 16. 11% ~ 17.94% F1 11. 68% ~

17.01% . WEHKFL 0 ~3 mm Fl 3 ~6 mm R 1 1
1,4 PAHs ) PCBR & &t (5 S 1 b B )y 5 T
LF 0 — B, Bl 3 3R (24.19% ~ 24.47% ) > 4 ¥}
(22.62%~25.09% ) >6 ¥ (18.50%~20.31% ) >5
H(15.83%~17.51% ) >2 % (11.37%~16.72% ) ,

®1 BRRAEEBENRIRTEMIEREFLEES PAHs ) PCBR 2 8

Table 1  Concentrations of PCBRs in non-rhizosphere soil and different layers of rhizosphere soils proximal to the root surface of moleplant
( Euphorbia lathyris L. ) and wood sorrel( Oxalis corniculata L. ) (mg kg™")
EZ0 3 < T&7 e 2 7L
PAHs AR P £ 3 Moleplant ( Euphorbia lathyris L. ) Wood sorrel ( Oxalis corniculata L. )
Non-rhizos
Fik MR o
- phere soil 0~3 mm 3 ~6 mm 6 ~9 mm 0~3 mm 3 ~6 mm 6 ~9 mm
Type Benzene rings
%
2 1.93 0. 31 0.13 +£0.07 0.16 £0.07 0.21 +£0.03 0.13 £0.00 0.21 +£0.05 0.75 +0.36
Naphthalene
&
3 0.43 +0.07 0.09 +0.03 0.11 +£0.00 0.11 +£0.01 0.11 £0.00 0.12 £0. 00 0.14 £0.02
Acenaphthene
3 0.25 +0. 00 0.12 +0. 04 0.13+0.04 0. 15 +0.00 0.12+0.03 0.14 +0.07 0.15 +0. 04
Acenaphthylene
B[
3 0.11 +£0.02 0.04 0. 00 0.04 +£0.00 0.06 £0.01 0.04 +£0.00 0.05 +0. 00 0.07 £0.01
Phenanthrene
tE
4 0.12 £0. 00 0.10 £0. 00 0.11 £0.00 0.11 £0.00 0.11 £0.00 0.11 £0.00 0.11 £0.00
Pyrene
I [al
4 0.07 0. 00 0.07 0. 00 0.07 0. 00 0.07 0. 00 0.07 £0. 00 0.07 0. 00 0.07 0. 00
Benzo( a) anthrancene
E
4 0.10 0. 00 0.10 0. 00 0.10 0. 00 0.10 0. 00 0.10 0. 00 0.10 0. 00 0.10 0. 00
Chrysene
I [b] 9 HE
5 0.11 £0.00 0.10 £0. 00 0.10 £0. 00 0.10 £0. 00 0.10 0. 00 0.10 0. 00 0.10 £0. 00
Benzo(b) fluoranthrene
ESRNES"
5 0. 10 0. 00 0.09 +0.00 0.10 0. 00 0.10 0. 00 0.10 £0. 00 0.10 0. 00 0.10 0. 00
Benzo ( k) fluoranthrene
#3F[g,h,i]dE
6 0.25 +0.02 0.22 +0.00 0.22 +0.01 0.22 +0.01 0.23 +£0.01 0.23 +£0.01 0.23 +£0.01

Benzo( ghi) perylene

P BE N E + R 22 Note: Data in table are means = standard deviation

XF 4 PAHs 256 25 5% B AE AR AR bR AAR B 4 1
AR E B, AR AR PR £ b 4 PCBR & Y
A TR B, B R R PAHs () PCBR & & A% 19 5 B
fEAE 22 5, (R 3 PAHs PR B2 W& & T @ 3
PAHs, [CIEHEMRPR R b, 2 3258 PCBR & & X
Ho B L v, TAE T & F AR PR R A
TEREIR T 89.20% ~ 93.51% , Ho /&5 24 %) Lk 9] o [
Fh K (11.68% ~ 17.01% ) ; X 2,5 ¥ PAHs {4
PCBR & & i I, FHoAR b £ 3 b 5 & 5 JE AR B £ 1

FHEE I AR T 6.80% ~ 7. 11% , & & & 1 b 51 )
M 6.22% (FEREE) FHZE 16. 11%~17.94% (M) .
XS IR W] MR PRI R T PAHs 455 8 5% &
1546 B2 PAHs [ B ¥R PR A9 520, IR 35 PAHs (1)
55 IR B AR PR L 5 b B ) B A R
2.2 #RERTiED PAHs £E85BRENEEST
BERFEO0~3.3~6.6~9 mm AR M 1 5
14 PAHs (%) PCBR & & 86 B 50/ WL I 1. % 3
PAHs J & PAHs (1) PCBR 5 5 1 [ 2 AR e B B (1 1
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&

FEREFG GG T & 7 IS BOAR PR 238 b PAHs 4545 255K B 4 16 B2 23 A 115

250 r 4 F4F Moleplant
2.00 | fif: 3% B Wood sorrel

1.50
1.00

0.50

PAHZE A 755% B £ & Concentrations
of bound PAH residues (mg kg™")

0.00 . .
0~3 3~6 6~9 >9

HEAEFPE S Distance from root surface (mm)
(a) 2¥f2-ringed PAHs

0.295 —A— F-4xF Moleplant

—O— i3 55 Wood sorrel

0.290

0.285

0.280

0.275

of bound PAH residues (mg kg™)

0.270

PAHZE A 4558 53 & & Concentrations

0.265
0~3 3~6 6~9 >9

JFAR I & Distance from root surface (mm)
(c) 43f4-ringed PAHs

—&— T4 Moleplant
028 r —o— fif:3% £ Wood sorrel

2

L=

g2

=l

8 g

5%

O Q

E 0.26

gé’ 0.24 |

K<

s 022 ]

&g |

ﬁiﬁ‘é 020 F

< o

Qq 0.18 i | 1 ]
0~3 3~6 6~9 >9

PRAR B B Distance from root surface (mm)
(e) 63f6-ringed PAHs

PAHZE A 25355 85 4 & Concentrations

PAHZ A 755% 88 & Concentrations

100 ' 4 47 Moleplant
—0— Pl EL Wood sorrel

of bound PAH residues (mg kg™)

0~3 3~6 6~9 >9
PEAR # B & Distance from root surface (mm)
(b) 3%£3-ringed PAHs

0.215
—&— T4 Moleplant

0210  —O— EE3E Wood sorrel

0.205

0.200

0.195

0.190

of bound PAH residues (mg kg™)

0.185 L L 1
0~3 3~6 6~9 >9
BRI & Distance from root surface (mm)
(d) 5¥F5-ringed PAHs

—a— T4F Moleplant
—0— RS E Wood sorrel

e
(=]
1

of bound PAH residues (mg kg™)

PAHZE 674555 B 4 & Concentrations

0.0 - .
0~3 3~6 6~9 >9

BEMR I B Distance from root surface (mm)
() B Z I F5 R Total PAHs

FEl 1 ARPR+ 3T PAHs (1) PCBR & w2t 86 B 43 A
Fig. 1  Gradient distribution of PCBRs of PAHs in rhizosphere soil

TITRE K o WS = AR BR R 2 3.6 3K (2
J& e AE R TIF [ g, h,i]48) M & PAHs By PCBR
TER¥ET T4 T;4.5 % PAHs (P8 K [a] B,
Ji RIELb ]9 IR [ k] 29¢ 80 1Y PCBR & i 7E M
FIA Y BSIR 2 3 ~6.6 ~9 mm MR FR + 1P % A B %
P25 o AR R 53 W) FAR PR Gl A= W 12 86 B o A
SR PAHs 256 2558 ¥ AE 25 AR A (W] FE B9 AR B 4= 3¢
SRR A T B RN . Gao S5 BESE & B, 75 3E

FUEE TS Yt o 38 v Bl v R A2 0, LG AT 9 P L T 7
YA ML AR HLIR O AR 28 20 I8 46 A, AR R 20 WA W ik
JEEBS MR 0 ~ 8 mm AR P B rp il B AR B 2 169
T REAR , EL PAHs 5 £ 76 AR B - 38 v i B AR B 2 g
RIEBRE T a3, 55 AR 2 70 0 W) 9 6 38 23 A 1 17
M1 s Xie 5 BF 55 2B 22 WML B + 48 b o W At 1 %
B, B 2 ~5 mm ARBR - 58 R B A W i
5 AR 0 o 9 /b T U S AR B R Y
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52 &

BEIm I o X LE ST R W BB AR AR i )
B, A W RO 2 TR o o R
BF 7 A 0 B4 4 7 1 1 3 L AR R0 R 4+ e )
(5 R P A S B A WL O L B A
B 22 1 - 9 AR A AL R T AU R, TN T
O PAHs 25 5 R B B LT, S BB R OB L &
PAHs 45 & 255 B & K. tbsh, AR AR &
I BB AN [7], 5 A [F) A W) AR B £ 4 R PAHs #

BN AFEZESR
2.3 REETEHR PAHs £ 55K B HHIRER
LIV

HEPIAR 22 4 W R AR B i A 4R 4 T =
Fr IR ARE L, S BOR B 4 398 b S A B0 R M s
FARMER £ I9, 7 AEARPRAR L . AR SCRF ST 4G R %
B, MR PRIAEE X PAHs 256 858 8 40 A % e . 3, 7]
FAMR R AL o 1k — 25 7 B 43 M AR B4 PAHSs 45 425
BRER A IS . ARPRELN R(% ) IHRANTE -
R(%)=(C,y —C,.)/ Cop x100 (1)
K, C o A C 53 3 R AR AR PR A B FAR B + 8 vh
PAHs () PCBR % i, R {H K /N o] LA i AR s - 45
o PAHs f#) PCBR & 5 5 AR M PR 0 1 AH L9802 19 1L

1], VT 52 AR R BRI o PAHs 255 24 745 5% B4 5 1) 1
FE R {E#R K, 72 W45 4R AR R - A L% AR bR 13
PAHs f) PCBR &5 it B AR £ 52 M B S I B K

IR ER + 58 PAHs 454 4558 B 10 R (4 .3
2. MBREHER M PAHs 454 A5 B R M5 &
R 285y 94 I T AU, B R T AR B 8 R A A
PAHs 4545 5 5% B2 10 5 W) B0, 85 AR B 8, AR o 2k R
Mg, T4 THERLJEh & PAHs 455 85 B R
{EH 67.66% ~63.06% ,0 ~3 mm H X1 R {H# 6 ~
9 mm H X {5 4. 60 4S5 A5 5 RO BR b
PAHs ) R N 66.52% ~45.15% ,0 ~3 mm 1R X [
R 6 ~9 mm MR X & 21. 37 D EH 4 H . ARIZKHE
PAHs (¥ R {E - Bl B3 A B B9 00 894 i i B AG . DL T4
THRBR LR ,2 .3 45,6 3 PAH /£ 0 ~3 mm 4§
XA READMNB 6 ~9 mm RIXH REF 4.29,
8.43 3.27 2.25 1.83 M EHAEH, X—45H8d
MR AT . Ling 2587 S am H20 , AR 28 4 6 90 ik 2
0 0 T AR B B 4 T AU, ol T B AR, AR
Z2 N T Ay (A A O A R A B U A RE R, S
B W B B L R, PE T O PAHS (9
Kok 1%

#2 WL PAHs £45 5% B AR RY A

Table 2 Rhizosphere effect (R, in percent) on the bound-PAH residues in soils( % )

A TaT A B
EZ0 3 . . . .
Moleplant ( Euphorbia lathyris 1. ) Wood sorrel ( Oxalis corniculata L. )
PAHs

0 ~3 mm 3 ~6 mm 6 ~9 mm 0~3 mm 3 ~6 mm 6 ~9 mm
2 ¥f 2-ringed PAHs 93.50 91.95 89.21 93.43 89.28 61.18
3 ¥f 3-ringed PAHs 67.90 65.23 59. 47 64.51 61.52 55.42
4 34 4-ringed PAHs 5. 66 3.04 2.39 4.76 3.00 2.44
5 ¥ 5-ringed PAHs 6.31 4.74 4.06 4.93 4. 68 4.03
6 ¥ 6-ringed PAHs 13.25 13. 11 11.42 10. 53 9.02 8.83
S Z 5 4% Total PAHs 67. 66 65.95 63.06 66. 52 62.61 45.15

S B I, T4 F AR BR 4 48t R[] PAHS
Je i PAHs 9 R (H Y5 T HEHK &, W] T 4 T bR
PR T A BT PAHs 4545 25 5% B4 0066 AL AR % . 5
B, AR B AT R 55 A & R DR R B, R R A AR
Z2 43 WA b 2K 0 B ek R [ T LR [ AR 2R 43 A 4
A R R B 10 B A A R R
Wang 25 HH  AUTEA K FERR - I 15 00 R, 4
5 YLK RS 4 88 B B W Bacillus sp. A fiE
TE A7 5% B 9 T A G i 2 WK ARG AR 2 I I 0 T
S A T B T AR B

FEAL G A AR B+ b, R [R) A 2E PAHS
SEANREW R EK/NFHKIK R 2 35 >3 7 >6
B >53 >4 3, 2 3 PAH i R {57E 0 ~6 mm R Px
+ 1Ak 90% £ 47,3 ¥ PAHs 1 R i 60% 2
47,7 4.5 3 PAHs [ R {H & 10K 6.31% ,6 3
PAH (% R {H & & K 13.25% Wik T 2 3 Fl 3 3
PAHs, 7] WL AR R B4 55 X1 IK 36 PAHs 9 52 1 22 28 K
TR PAHs, X — 20 E0IE T 2.1 g, —M
KR ,2 .3 35 PAHs 76 MR PR £ 3 v i) B 45 0k il AE AR
T A A I = PR PAHs (4.5 .6 31) WIAEAR R 53 W 9
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TEAER T 58 5 2802k 2 A T 0 W 2> . Mueller
44 2SRRGB, 96 BOREE R REVE N Pseudomonas Sa-
charophila p-15 [T I AT AR IR , 1 EC 75 96 R K o 1 4t
7] 776 B 6 20 o T A 3

3 4

POl TG T R R R K 0~3.3 ~6.6 ~
9 mm AYMRPR B ILAG 10 A0 PAHs ) PCBR; 5
FEARPR £ AR FE, AR P 2 3 PAHs 9 PCBR & &
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GRADIENT DISTRIBUTION OF BOUND-PAH RESIDUES
IN DIFFERENT LAYERS OF RHIZOSPHERE SOILS OF MOLEPLANT
AND WOOD SORREL GROWING IN POLLUTED REGIONS
Wang Yize Gao Yanzheng' Peng Anping Chen Zeyou Sun Bingqing
(Institute of Organic Contaminant Conirol and soil Remediation, Nanjing Agriculiural University, Nanjing 210095, China)
Abstract Polycyclic aromatic hydrocarbons ( PAHs) with highly mutagenic and carcinogenic properties are com-

monly found in the soil environment. Soil contamination by PAHs has become a major health risk issue. PAHs are wide-
spread and occur at high concentrations ( hundreds of mg kg ') in soils of many countries. Since natural and xenobiotic
PAHs present in soil may be absorbed by plants, PAHs can enter human and animal bodies through the food chain/web.
Because of the health hazards of PAHs, understanding the distribution of PAH residues in rhizospheric soils is of crucial
importance for risk assessment of PAH-contaminated areas.

The distribution of PAHs in the rhizosphere affects their fate in the soil-plant system. After diffusion into rhizosphere
soil, root exudates gradually disappear as a result of radial dilution and microbial consumption. Because these root exu-
dates are ready carbon and energy sources to bacteria, a bacterial gradient is observed with a greater number of hetero-
trophs and PAH-degrading bacteria closest to the roots, which may generate a gradient of PAH degradation between the
rhizosphere and bulk soil. Recently, it was reported that the residual concentrations of PAHs showed a rising gradient from
the rhizoplane to the loosely adhering soil after 40 and 50 d, and were significantly and negatively correlated with the
amount of root exudates in the rhizosphere. This was further supported by an in situ observation that concentrations of 11
EPA-priority PAHs in rhizosphere soils increased with the distance (0 ~9 mm) from the root surface. However, the docu-
mented gradient distributions in rhizosphere soils are overwhelmingly about the total concentrations of PAHs as well as oth-
er organic compounds.

The International Union of Pure and Applied Chemistry (IUPAC) definition reserves the term of bound residues for
the parent compound and its metabolites that cannot be extracted from soil using organic solvents. Bound residues have a
direct effect on long-term partitioning behavior, bioavailability, and toxicity of the organic contaminants in soil. The for-
mation of bound residue is considered to act as a soil detoxification process by permanently binding compounds into soil
matrices, and the bioavailability of bound residues is the final endpoint for risk assessment and regulatory management of
organic chemicals in the soil environment. However, there is little information available on the distribution of their bound
residues in the rhizosphere.

Therefore investigations were made of rhizospheric gradient distribution of bound-PAH residues ( reference to parent
compounds) in soils on a field scale. In moleplant ( Euphorbia lathyris L. ) and wood sorrel ( Oxalis corniculata L. )
fields of yellow brown earth near a petrochemical plant, rhizosphere soils of the plants were sampled including the rhizo-
plane, strongly adhering soil, and loosely adhering soil, for analysis of content and gradient distribution of PCBR ( Parent
compound of bound residue) in the rhizosphere. Results show that PCBRs of the ten EPA-priority PAHs were detected in
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both the rhizosphere and non-rhizosphere soils, about 3. 31 mg kg ™' in concentration in the latter, much higher than in the
former (1.07 ~1.82 mg kg™'). The concentration of PCBRs increased with the distance (0 ~9 mm) from the root sur-
face. Tt is feasible to use rhizosphere effect (R, in percent) to measure the proportion of the decrement of PCBRs in con-
centration in the rhizosphere as against that in the non-rhizosphere soil, R decreased with increasing distance from the
root. R of the total PCBRs of PAHs in three continuous layers of rhizosphere reached 45. 15% ~ 67.66% . R of two-ringed
PAHs was the highest (61. 18% ~93.50% ), while R of four-and five-ringed PAHs the lowest (2.39%~6.31% ), which
indicates that the PCBRs of PAHs with fewer rings are more liable to transformation in the rhizosphere. R of the PCBRs in
the rhizosphere of moleplants was found to be relatively higher than that of wood sorrels, suggesting that the rhizosphere of
moleplants was more favorable to transformation of PCBRs. The gradient distribution of PCBRs in the rhizosphere is closely
related to that of root exudates, while type of PAHs and rhizosphere environment affect significantly distribution of PCBRs.
The findings of this work provide some important information on fate of PAHs in the soil environment and are useful in risk
assessment of PAHs-contaminated soils and development of strategies for remediation of contaminated areas.

Key words Polycyclic aromatic hydrocarbons ; Bound residue ; Rhizosphere ; Gradient distribution ; Soil
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