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1.1.3  fids T A iz 451 g N T B R BT ]
BE T TR A AR K ()
J& L TEHTIRRE, L 60 ¢ kg (FH L) MRS RS
Pl g ARG S, 03 T 10 AR AT I8 L
(% 7 b (B4 20 kg) o Al WA K 4 10 min
Ja S ATES N = 5 R A (4 4 200 AR 2% ) L, 7E (20 =
2)%C 40% M A FpKk | T ENEF. 30 d 5,
) 25 R /N (B8 0.5 ~0.6 g3 (KK :7 ~8 cm) TEER
A H

1.1.4  fb2¢ 8 L) 3E ( phenanthrene, Phe) | ff
(pyrene, Pyr) 2y PAHs fR3RY) (18 A 18 H Fluka 23

F LB > 97% ), Ho4r T B4 0k 178.2.202.3
gmol ™', ¥ WE-K 4> Bl R B (logK,, ) 4> %l N
4.46 4.88.
1.2 KEHE

AR R 7 B RE R = N AT, R S 70 d
TRERER,NT 3T 3 mm . B — B MIEE
SN e Y S LR Z RN RS,
ZWHFE RS, &4 6 N5 YK (T, ~Ts) .
40% H [ F5 K & F P 1 )5, WA & AR EE
BRI LR BE e 1,

F1 LEPEEVERE

Table 1 Initial concentrations of Phe and Pyr in treated soil samples (mg kg™')

PAHs T, T, T, T, Ts
JE Phe ND 20.1 +0.91 40.9 +1.47 81.1+2.14 161.4 £2.89 322.1 +4.61
e Pyr ND 20.2 +0.94 39.6 +£1.51 79.9 £2.37 160.6 £3.05 321.4 +4.93

HEE £ AREZE, T AR I LA KA NaNy s ND QR EA KM 1 PAHs(n =3) Note: Means £ SD. Tjrepresents pollution-free con-

trol, without NaNjadded; ND means PAHs not detected(n =3)

IS A B WA, A4 Mk ER
S AP T (CK,): EAEH A 0. 1% NaN, (1]
BUEIEYE) O ORI A BE 2 (CK,)  TCHY, A
Jin NaN, ;43 3 (TR,) : #4847, fin 0. 1% NaN, ; &b
B4 (TR,) : R AP EA SN NaN, ., R G)S (5
752 kg, M1t 220 45) B CK, . CK, 5b, B 258 4% F
PR & R 5t W, A R = IR4EFF7E
25,350 pmol m~* s ™' JE MR IR T #5406 16 h,
1) 28 R AR 12°C A4 5 H R HREK G e 47 7E 40%
(FREAMKE) o

B 4, BB AR AR N 8 A% [ 45 K /N 1) i ] A
WIS I A S A UM A, e A A5 A0 1
B, B E (T, ~Ty) 8,70 d J5, 3 B8
5 Y i X B A RE (CK, ) b i 5] 0 5 85 ) 4 5 | A B
VP T 15, 14% 16.73% , 4535 YK F- N IR &
ARREETHIEYM T, 4 ( -13.42% ) ] 2 57K i
#(n=40,p>0.05) , HA4b ¥ (CK, TR, TR,) H
ARARGL S CK, 251, S W90 4500 L B RIS & 0k
il K
1.3 HRNESHREEH

70 d J5 R AE, S BESCHER (17 ] 09 75 vk, % - 8 Al
PR PAHs SEAT R e ik, o 151 41 21 rf PAHs (942
{2 18 Johnson" "™ )7 ¥, WA A HE <K VRS
TGRS T 5 B K R G 3R 12 b e R R IR AL
L E 48 b, A HEE AR N 4R T . kS IR AR

T RE, WARS TRE, R mg, 53 fFHEa
) T KB R TR A, I IE O ke R A 12 hy K 3 e
W4 E 1 ml 5, FHBERB 8 (A% (GPC) iff — 25
BRI R WA AR ZETIEH
BEEZS 2 ml, i 0.22 pum fLARUERE S HPLC 4347,

2 PR A3 5 , HPLC ( Waters600 ) ] 52 , DAD
B g K RR: JE R 42.6 pg LT, EEOH
54.2 pg L™'o P shAR b HEE AN K (831 17) , 4 i ik
K 9E 246 nm, ¥ 235 nm, A EE BB INER (AR
B, R A Il e #8 4r 5 h 95.9% (no= 7, RSD <
5.5% ) 94.4% (n =7,RSD <6.6% ) ; ¥ ¥y £t v 4y
M 94.7% (n=7,RSD <4.7% ) .93.4% (n =17,
RSD <5.5% ) ; e 5| #¢ 1 5331 24 91.9% (n =7, RSD
<5.5%).89.2% (n=7,RSD <6.7% ) ,

1.4 ¥iEAbE

% Excel 2003 LRt 4b 3 f5 |, 78 SPSS12. 0 H 8T
E M 7% 7% (Duncan’ s multiple range test, DMRT) £
5. PAHs KRB (R)HHXR: R=(C, -C,) x
100% /C,, XA, C, Jyt ke PAHs W1 IAWJE ,C, H
HORERT PAHs SR B W . K BRIN T @ X PAHs £ Bk
BTk (T, BRI @ X%F PAHs B9 52 FR 5 2 5 %)
W E ) AL T =R, x100% /W -
Co, 3 R, N i % PAHs fYSZPr LB &,W N
AT RUIE, A Ay 3R AR B BTk
MM F 4T PAHs KBRE R,
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Bl on, X % PAHs ¥ B 5 (20.1 ~
322.1 mg kg™') N, BRI0 A 48] AE R R RE R b AR
PAHs (5 H IR & R FRAEK, 70 d J5, FEi15 4L
M e B A W (M b MR A ) # R —
V5 YLK e S IE S A AN 7. 4% ~22. 5%
(F3916.0% ), H, T, ~ T, V5 4% K F 1y 5
Ay ESE-EEKFAANEZEREE (n =25,

T
6.5 F

6 F

Bk A4 & Biomass per plant (g)

TO T1 T2 T3 T4 TS5
W 4415 YK F Initial concentration of Phe in soils

p<0.05); M 3%k th 3% fin T 16.3% ~ 20.4% (V3%
19.0% ), 5 — 75K FAHRBZREE (0=
25, p<0.05), EIG Y HEH A A KROS5 JE TS
B REAHFE : kA BN T 6.5%~19.2% (F
¥117.6% ) ,T, ~T, 15 4 K F T Btk Ay w5 W —
TSYKFI A R 22 7 B3 (n =25, p<0.05) ;4R
FELLHE AN T 15.9%~19.4% (-3 17.6% ) , M6 15
YooK A B A ZRFEE (n =25, p<0.05),
U B 1S S E s P R R R AR KR B
—E MR UEE .

0.65 -
0.60 -
0.55 +
0.50

0.45

#5& Ik Root to shoot ratio

0.40

TO T1 T2 T3 T4 TS
¥ bE75 7K F Initial concentration of Phe in soils

£: Phe-Ev Phe-NZMHIAGRURMN AREIMULIE] HFHEF S AR

Note: Phe-E and Phe-N denotes Phe-spiked soils with or without earthworms introduced in, respectively
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Fig. 1  Growth of Pogonatherum paniceum in different treatments
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WM EBRE(R)IHTHEKX R=(C - C) x
100% /C,, , AT #fE 5N [) b 0 2% 44 N 14 b PAHs (1)
BRI 2) . S5 R B8, BmiE s 70 d 5,
TRl 4 % B0 b PAHs (19 25 4 3R %5 25 F [a] —
15 YK A AL BE . T, ~ T 35 Y K - Y1 Bl I, il
A R FER 3 (TR, HE VB8 197 35 2 B R 43 il
H 77.0% (58.0% ~ 91.8% ) .70.6% (54.7% ~
83.0% ) ; LM Wl /E I (A 4) |F, TR, R 3E 2 F 1y

Fo BB B 68.7% (51.0% ~ 86.8% ) . 61.2%
(46.5%~76.7% ) , 1l JCHL ¥ %t B4 (CK,) ", 3k |
B LB RN 22.6% (14.7% ~ 30.1%) |
18.2% (12.3%~24.2% ) .

P A ) Ak B 2% (R — 95 YK SF R A LUB 41+
R PAHs 19 25 B R B 22 5, iF — 20 SR AR i 1) 0%
BiXf PAHs J5 ¢ + 3 B AR g m (gl 2) .
A LLE ARG Ge ok T b 5] 95 3 % PAHSs 5%
e RBR B BB A —H ., RS YK (T,) K, Fil
M4 R FL A HE (TR, P HE VBSR40 2 bR R
e, Mo 11.0% (12.2% 5 /515 Y K F (Ts)
Tz, 0k 6.8% 8.0% ; fiki5 Y /K (T,)
TR, LR 5.3% 6.3% . Sk L, i S B
XFEE o7 5 Ak L BR R (9.5% ) B R T I
(8.3% ),
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Table 2 Residual PAHs concentrations( RC) and PAHs removal rates (R) in different treatments
A ZH b3 2 CK; of group A A ZHA4b 3 4 TR, of group A B ZH 4b 7 4 TR, of group B
PG}
PAHs U S RC ERHR SR RC SB R B RC KB R
reatmen
(mg kg™") (%) (mgkg™") (%) (mgkg™") (%)
JE T, 14.0 £0.5 Aa 30. 1 2.7+0.1 Bb 86. 8 1.6 £0.1 Be 91.8
Phe T, 30.2 £0.8 Aa 26. 1 9.3+0.4 Bb 77. 4 5.6 +0.3 Be 86.2
T, 62.4+1.6 Aa 23.0 25.8+0.9 Bb 68. 1 16.9 +0. 8 Be 79.1
T, 130.9 £2.9 Aa 18.9 64.5 +1.4 Bb 60. 0 49.0 +1.2 Be 69. 6
Ts 274.6 £3.9 Aa 14.7 157.9 £2.8 Bb 51.0 135.5 £2.1 Be 58.0
3 T, 15.3+£0.5 Aa 24.2 4.7+0.2 Bb 76.7 3.5+0.2 Be 83.0
Pyr T, 31.2+£0.9 Aa 21.2 12.8 £0.4 Bb 68.2 8.7 +0.4 Be 78. 1
T, 65.7 £1.8 Aa 17.8 31.3+1.1 Bb 60.9 21.5+1.0 Be 73.0
T, 135.4 £2.7 Aa 15.7 74.6 £1.6 Bb 53.5 57.5+1.4 Be 64.2
Ts 282.0 £3.2 Aa 12.3 172.1 £2.6 Be 46.5 145.8 £2.4 Be 54.7

T R BRI = A5 22, R B0 B Ja AN TR B /NS T B R ie 367 22 57 B 3 35 (p < 0. 01) B2 35 (p <0.05)

Note: Values in the

table are means = SD). The data in the same column followed by different capital or lowercase letters are statistically different from each other at 1% or

5% probability level by DMRT
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Fig.2  Variation of PAHs removal rate with the treatments different in pollution level

2.3 pWliEFN X EY E & PAHs B0
BET b serh PAHSs 5k B Mk B DL R H A A W) A 21
PRI R B, 23 Bl R A% 75 QK F R PAHs AR 4
R ZR 2K I ) AR AR e A AR Kl 2K v vk 4 AR R
(RCFs 8 SCFs, Root or shoot concentration factors)
(IR 3) . Bk L, PAHs 7E R 40 21 A vk 45 &
%7 ( BCFs, Bioconcentration factors) fifi #] 45 15 Y4 & &

PR 1 10 T 9 /0N 5 A ) ¥ G oK SF T W8 i 451 5P PAHSs
FEAE W) 20 40 rh BCFs 3% 3 K T JC e 15] i AR ¥ K T
RIS, WNAE T, ~ Ty 35 4K T, JC i 451 4 H B 3E
TEa K FR AR AR RCFs (SCFs 435024 0. 21 ~
3.08.0.12 ~ 1. 62 ; & hn #f: W5 i, RCFs ,SCFs 4351 |
FFE 0.31 ~4.37.0.17 ~2. 47, Y40 2161 2
R (B 3b) HAELRMICE 3a) AHA IG5 KT, X
EEHY BCFs J KT HE,
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F :RCFs-E, RCFs-N fil SCFs-E, SCFs-N 43 JiAX & 8 I . A< 8 oz 951 Bof A# 0 AR 2 25 b3 % PAHs ¥R 45 R4 T, ~ T [A] 3 1 Note:

RCFs-E and RCFs-N denotes PAHs concentration factors of roots in treatments with and without earthworms introduced in, respectively; and

SCFs-E and SCFs-N denotes PAHs concentration factors of shoots in treatments T, ~ Ts were the same as in Table 1

E 3 R PAHs B9 & SE4E M

Fig. 3 PAHs enrichment by different plant tissues
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154 e PAHs 19 25 BR 35 208 F 4% Al 4k 4=
LUEER7/R A INCE SN a7/ RS N R 7/ R €2 ok 7/ B
e LR kM T, 7,.7..T,. T, 14
RAE UK AU AR U R Y-
TR W 52 HAE HIAE PAHs £ BRad #2 b i STk %,
R, R, Ry R, AU R U fn i 5l iy CK, | CK, TR,
TR, 4B vk PAHs (932 0L 25 B 5 16 A 2% B X 1 [1]
LHAEMB L T, R VR, VR, R, AT 23 5l %
w

R =T,

R,=T +T,

R, =T, +T, +T,

R, =T, +T +T,+T, +T,

AT e 510 R (B 2 ) A, DY i 5] 4 ZURS
PAHs 1) B3 W W0 A B ke 151 0% 3 % 4 Fh A= AR 2R
Py 5l 6877 AR B 9 Ak L BRAEHT, B 41 CK, (CK, |
TR, TR, " PAHs %W 2 B 3 (4 748 AL AE 7T 23 il 3%
wA

AR, = T: +T,

AR, = T +T; +T,

AR, =T, +T, +T,; +T,

AR, = T, +T, +T,+T, +T, +T,

A, AR, (AR, (AR, (AR, 3 5l AX 3 U ik ds] 5
CK, .CK, .TR,.TR, ' PAHs 7: [} & 5 [a] — &b
ZMF T A+ PAHs LBRF MW ABAE; T, .
T T, T, T, A FMm W W& sl &2 T,. T, T,
T, T, 724k, T, A% 3% Bl ok ] 41 23 05 43 W e i
PAHs X} PAHs & 2 0y st dik R . th A A 4b 3 5%
PR LR i 120 A A4k PAHSs &L 15
& B 2 T 7 PAHs £ & of 2 by 5Tk %
(£3),

5 A FEH L, Bl 155 S TR, Ak B AR
EE I3 L BRI T 8.3% 9. 5% (H Ik
Wl 2 205 A Y 3E LB R AL A LR I AR R 0.6% |
0. 8% , 1. B ffc 5] 5 £ - N & PAHSs g s fk A& &2 1) &2
FERAR . W kR AR A W M R A AR X
FEEE BT s Ak L BR R AN 0.2% F1 0. 4% , &b
A& PAHs g fb B E 1 E ik &, MIELLZ T,
A= W Al A -1 ) 28 AR AT PAHSs 2 BR 9 BT
BRR AR K 1T X AR R BRI STk R A A 4
(17.5% 15.7% ) 53 300 2. 7% 2. 6% , 43 5 5 5
Al K BR R 32.1% ,28.0%; Ji & B A 4
(41.6% 36.6% )HM 5.0% 6. 1% , 45 5 i sassfk
FBRFM 60. 6% 65. 0% o Uit B IS Jin iz 151 5 4 3¢ -4
Yy 7 Gext PAHs 5 4% + 12 r 22 20 Hh 1) 58 48 52 007
F B 58 o i — 2B 5 Ak A - A W 58 ELAE K
B
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Table 3  Contributions of biotic and abiotic factors to remediation of PAHs polluted soils (% )
PAHs Tl H Factors T, T, T, T, Ts
JE T, 6.7 £0.29Ac 6.0 +0.24ABc 5.2 +0.26Bc¢ 4.3 +£0.2BCc 3.3+0.17Cc
Phe (T%) (0.1+0.02) (0.2+0.05) (0.2+0.03) (0.1+0.02) (0.1+0.02)
T, 23.4 £0.52Ab 20.1 £0.46ABb 17.8 £0. 44Bb 14.6 +0.39BCb 11.4 +£0. 34Cb
(r) (1.2 £0.04) (3.0+0.09) (3.7+0.13) " (3.4+0.11) " (1.9 £0.07)
T, 0.6 £0.06Ad 0.4 £0. 04ABd 0.3 £0. 04Be 0.2 +0.03BCe 0.1 +0.02Ce
(T%) (0.0+0.01) (0.0+0.01) (0.0+0.01) (0.0 +0.01) (0.0 +0.01)
T, 8.4 £0.37Ac 6.0 +£0.29Ac 3.7 +0.22Bd 1.9 £0.09Cd 1.1 +0.08Dd
(T5) (0.7 £0.05) (0.5+0.07) (0.4+0.05) (0.3 +£0.04) (0.2+0.03)
T, 0.1+0.03 0.1+0.03 0.1+0.02 0.0 +£0.02 0.0 +0.01
T, 47.7 £1.92Aa 44.9 £1.84ABa 41.2 £1.69Ba 39.0 £1.71BCa 35.0+1.57Ca
(7,.) (2.9 £0.16) (5.1+0.31) " (6.6+0.33) " (5.7+0.35) " (4.8+0.26) "
A T, 3.2+0. 13Ad 2.9+0.11Ad 2.6 £0.09ABd 2.3 0. 08ABc 1.8 +0. 10Bc
Pyr (T%) (0.1+0.02) (0.2+0.03) (0.2+0.04) (0.2+0.04) (0.1+0.01)
T. 21.0 £0.49Ab 18.3 £0.46ABb 15.2 +0.36Bb 13.4 +0.33BCb 10.5 +0.28Ch
(r;,) (1.4 +£0.05) (2.8+0.08) (3.8+0.14) " (3.4+0.12) " (1.8+0.09)
T, 3.4 +£0.21Ad 2.6 £0. 18ABd 1.7 £0. 12Bd 1.3 0. 08BCd 1.1 +0.07Cd
(T7) (0.0+0.01) (0.0+0.01) (0.0+0.02) (0.0 +0.01) (0.0 +0.01)
T, 8.1+0.39Ac¢ 5.7 +0.31ABc 4.4 £0.29Bc 1.9 +0. 15Cd 1.2 +0.11Dd
(T5) (0.7 £0.06) (0.6 £0.06) (0.4 +0.05) (0.3 +0.04) (0.2+0.03)
T, 0.1 £0.04 0.1 £0.04 0.1 +£0.03 0.1=+0.03 0.0 +0.02
T 41.0 £1.71Aa 38.8 +1. 66ABa 36.9 £1.59Ba 34.6 £1.48BCa 31.9+1.44Ca
(T,,) (3.9+0.21) (6.3+0.24)" (7.7+0.29) " (6.8+0.31)" (6.0+0.25) "

W) [/ — 3R 5 R RN Tkl R A7 R [l KR B Rk R 2 A 8 B 2 K F (p <0. 05) Different lowercase or capital letters affixed to
data of the same soils in the same column mean significant difference at p <0. 05 ; 2) &5 P (1 B4 4 22 8 0 iz 18] 5 3% X 1~ %6F PAHs 25 4% o7 ik 38 22 5,
* REEFREE R E (p<0.05),T, ~Ts [ 1 Data in brackets denote variation of the contribution of a given factor (i) to PAHs removal rate after

introduction of earthworms; # means significant difference from each other at p <0.05, and T, ~ T stand for the same as in Table 1

3 9F ik

P B AL B SRR B 2%, o 16 5 HL A
AL BOR B AL o - R
T FT BTN O S B 4 AR BE PAHs B RO £ B R
At R R R T A R R S W B b
K PEAETE — 5 BB ) 22 5, FLAR B 19 A 28 137 AT
BEL R — R HI, B E MY EEXCE
g, R BoR, &k AT s g kg
AR ) K R PR R 18 B ORI & A AR

PAHs 15 3 (B FEY

PRI v BE S B P, AN i g5 70 d )R AhokE 4 &
B AR (TR, 3E LB OF ¥ & Br 3 4 0 i
68.7% 61.2% % 77.0% .70. 6% , H: - ¥ 38 1k 2 &
BB 4 ) 355K 8.3% .9.5% . i, 32. 1% 4 3 .
28. 0% MY TE 1 %8 1k 2% Bk &8 40 o U8 T 1 2k 9 B i
60. 6% 3E .65. 0% 15 1Y 58 1k 2% B R IR T4 9 -l
AR HAER . A L i ]S Bl N A RE Bk 1 R
A= XV Y TR B ) 3 g AR R R e EL R R R A
A T LA B T 5 e 2 2 P R AR
L A Tl W — 6 SR R R R T e
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EFFECT OF EARTHWORM REINFORCING POGONATHERUM PANICEUM
REMEDIATION OF PHENANTHRENE/PYRENE POLLUTED SOIL
Pan Shengwang''>  Wei Shigiang’® Yuan Xin® Cao Shengxian® Jiang Tao’
(1 Environment Science and Engineering Institute of Chengdu University, Chengdu 610106, China)
(2 Key Laboratory of Agricultural Resources and Environment in Chongqing, College of Resources and Environment
Southwest University, Chongqing 400716, China)
Abstract A pot experiment was carried out to study effect of earthworm ( Pheretima sp. ) on Pogonatherum panice-

um remedying soils polluted by phenanthrene (Phe) and pyrene ( Pyr) in. Results show that earthworm activity promoted

growth of Pogonatherum paniceum in soils with initial concentrations of Phe and Pyr ranging from 20. 1 to 322. 1 mg kg ',

and apparently increased its root/shoot ratio. Seventy days after earthworm was introduced in, the average Phe and Pyr

removal rate reached 77.0% and 70.6% , respectively, 8.3% and 9.5% higher than that in the treatment without

earthworm introduced in, respectively. Apparently, the effect of earthworm activity on removal of Phe was greater than of
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Pyr. Among all the remedying factors, the plant-microbial interaction contributed the most, about 46. 6% and 42.8% to
the total removal of Phe and Pyr, respectively 5.0% and 6.1% higher in the treatment with earthworm introduced in
than in the treatment without earthworm (i.e. 41.6% of Phe and 36. 6% of Pyr). The findings suggested that introduc-
tion of earthworm may enhance phytoremediation of soil polluted with PAHs by removing Phe and Pyr from the soil-plant
system.

Key words Phytoremediation; PAHs; Phenanthrene; Pyrene; Pogonatherum paniceum; Earthworm



