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Roles of earthworm in phytoremediation of pyrene contaminated soil

PAN Shengwang * , WEI Shigiang, YUAN Xin, CAO Shengxian

Environment Science and Engineering Institute of Chengdu University, Chengdu 610106, China; College of Resources and Environment/Key Laboratory of
Agricultural Resources and Environment in Chongqing , Southwest University, Chongqing 400716, China

Abstract: Soil contamination by organic compounds, especially by the petroleum-derived polycyclic aromatic hydrocarbons
(PAHs), is a growing problem with serious environmental consequences. To evaluate the contribution of the soil
macrofauna on the dissipation of PAHs in rhizosphere soil, a pot experiment was carried out to investigate effect of
earthworm ( Pheretima hupeiensis) on ryegrass ( Lolium multiforum) remedying soils polluted by pyrene in, and roles of
biotic & abiotic factors in the process of dissipation of pyrene in soils were estimated. After washing with sterile distilled
water, eight adult earthworms (7 to 8 cm in length) were added on the top of sample soil of each treated pots at initial
experiments, giving (a) unplanted microbe-inhibited pots with spiked soil (0.1% NaN, was used to inhibit the microbial
activity) , (b) unplanted pots with spiked soil, (c¢) planted microbe-inhibited pots with spiked soil (0.1% NaN, was
used) , (d) planted pots with spiked soil and (e) planted pots with unspiked soil, and each treatment was established with
five replications. Results showed that earthworm activity promoted growth of ryegrass growing in soils at initial
concentrations of pyrene ranging from 20. 24 to 321. 42 mg/kg, whose biomass per plant was 15. 65% —21.32% larger
than those in corresponding treatments without earthworm introduced in, and apparently facilitated its root/shoot ratio,
which was 20. 44% — 24. 24% greater than those in corresponding non-inoculated soils at the end of the experiment.
Seventy-two days after earthworms were introduced in, residual pyrene concentrations (2.78 to 128.53 mg/kg) in vegetated
soils were much lower than the respective initial values, and the values varied significantly among treatments. During the
experiment, averagely 74.66% of pyrene was removed from the soils with plantation of grass and incubation of earthworm,
which was 10.11% higher than those with only plantation of ryegrass, and 56.42% higher than those without plantation of
ryegrass and earthworm inoculation. As compared to those treatments with same pollution levels, the contents of pyrene
accumulated in plant tissues growing in soils with earthworms were always lower than those without earthworm. Along with

the increments of soil pyrene concentrations from 20. 24 to 321. 42 mg/kg, the extractable pyrene in roots and shoots of
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ryegrass growing in soils without earthworms increased from 4. 11 to 16.79 mg/kg and from 0. 87 to 3. 01 mg/kg, while they
did from 2.32 to 11.17 mg/kg and from 0.51 to 2. 01 mg/kg when earthworms were introduced in, respectively. Despite
incubation of earthworm evidently enhanced the remediation of pyrene in soils, contributions of biotic and abiotic factors to
phytoremediation process displayed distinct diversity. Of 10. 11% enhanced removal of the total pyrene, abiotic loss,
earthworm accumulation, phytodegredation and microbial degradation accounted for 0.16% , 0.08% , 0.42% and 2. 64% ,
respectively. Among all the remedying factors, the plant-microbial interaction was proved to be the primary pathway for
pyrene degradation, whether the presence of earthworms or not, which accounted for 51.75% of the total removal, and was
6.81% higher than those in corresponding soils without earthworm activity. These findings suggest a feasible way for the

establishment of high-efficient phytoremediation of soil PAHs pollution by introducing earthworms into the soil-plant system.

Key Words: phytoremediation; PAHs; pyrene; Lolium multiforum; earthworm

ZITFIE (polycyclic aromatic hydrocarbons, PAHs) f& 335 H 3 4776 19 Fe A PER HLI5 9, PR E K
TEbEZ R A AR LT, AEFRIE S - HE PAHs FREAE] 10°—10° we/kg, 38 T2k 8 FIIRAL B ST
FEEEE 10 ne ke, I ZE0 PAHs B BGRAY =80 R0, SR E TS 24 R R R
Hefilt e, 182 1 HE PAHS V5 4% B IR BT AT £2 5 [

&GN E T AR L AHPME R 5T St IR AL R T E R, (BB AR A3, 255
AR FE A i 1 ) B - A R G B R AN 7R SR8 R 2 16 B 3R RO B O o, LR 3
Sy (A ] | 2R d A ) XA bR AG A  SR AL VR O OIS M4, S b i IS15E B RE Bl 4 i B Ak
B TEAR S E A B D AR S E R A K AR YRR PAHs AL RSO P AT
W& 5| A - A ) R G B R AR AT AR 1 AR HO Sl ORI B, BE B X E E PAHSs 5
Yot 39 7= A AR UEAE 2 AH S 9% fif DL 3R GE . AR F 58 300 DL 3R B 5] ( Pheretima hupeiensis ) . H 3 % ( Lolium
multiforum ) RIS AA R X LCAIFSR i 5] 356 S % - R4 R GE T PAHs RBRECRISE M, LI PAHs 154 +
e A S B S SR EEA AR
1 MRE5AZE
1.1 5k
1.1.1 %

S04 R AV R FAE A, JoTs Y . BARTE T AT LT 22. 3 g/kg, CEC 27.43 cmol/kg,pH 7. 19,
BN P K 2358 114.6 24.7 94. 8 mg/kg,

1.1.2 Y

DL 2 JE R RO AR, R MUK AN BRSO A5 N KR 2 SRS &
1.1.3 i)

AN EE WAL IR E W] ( Pheretima hupeiensis ) JEFEONECIR KPR KE () e B
BREHE, DL 60 g/kg( T H) (Y EL R 5 KI5 Y iR 50 HHER A5, /02 TR A ML R A (4020 ke)
5| 22 WA KIZ I 10 min Ji7 , B8 5] AR IR 209 (BE4 200 434%) , (20+2) °C 40% a5 /K B F =N REE 30 d
Ja , R R/ (BEE 0. 5—0. 6 g3 /R K 7—8 em) JCIRHAMATEH
1.1.4 fb2=f

L6 (Pyr, pyrene ) J&— A fCFMEM PAHs , A5 P8 (9 ik B AL PAHSs W BEAT AR A 1 AH OC1 , LA H vk
FEB R . AT LAEE S PAHs AARY) (W H7E [ Fluka A W], 2E8>98% ) .

1.2 {5k

TR E NPT IR 72 do BHERES KT Gt 3 mm B, KR E RS (R TS YK B

WH A NI S Y IWTEL) 10% MBS A+ 13382 . R EE LS, T HidE id 3 mm
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i s A AR TG Y HHEF MBS, BEFE ot 3 mm B, 40 9 KRR S AT BE H R e, A AR S
Ti59 4, 40% HEFEKE TP 1 RS, AT 6 N5 3K (T,—Ts) FEF w539 :.0(T,) \20. 24
(T,).39.58(T,).79.86(T,) .160.64(T,) 321.42(T;)mg/kg, XI5 M A B H4,

A HAHG 4 A3 FE S R, OAFE L (CK,) : HIEPIA 0. 1% NaN, (Il A s k) ' e ;
QUL 2 (CK,) : oMY, J6 NaN,; QALFE 3 (TR, ) : FAEH 1 0. 1% NaN,; @ALFE 4 (TR,) . FAEY . L
NaN,, T3S (B4 2 ke, 3H31 120 41) B CK, \CK, &b, B R A OF 1 B8 SR B4l iy 12 bk, 5610 1]
H R RAERFLE 25°C ,350 umol - m s JEIEGR AL N RFEOEIR 16 h, & S IR HIAE 12°C 247 5 I aFEK a4
FETE 40% (FREAMKIE) .

B 41 BREE AN 8 St di Sh X35 RIS S A U, A AN . REE I X I 4
FE(CK, ) i i R B A 0 8h 51 AREE 08 15.03% , 875 YK F (T,—T,) FEREA KRS LG YH T, 4
(-13.38% ) [A| 2R W3 (n=40,P>0.05) , H'EALH (CK, (TR, \TR,) HAEKARDL S CK, 2L, BB %14
T A A

ERTHUV RS ey
72 d J5 R AE, 1 HE AP D B I SR IR e O v S ORI 2 2 P e i R R Ak S T

Johnson"*' J7 i | WA Bt - Vi TG PRSI A 25 B K PG 3R 12 h R R ST ALRE S L 48 b, Aok
HHRN R Ve IR T PR, WA TG, o ieeg, 5 3 AEEMIOKmRIE S, HIEC
PE AR TGP 12 h R BOR MR AR 22 1 mL J5 , FHBERGB 5 A5 (GPC) iff— 0 LB /D m AR GR Ay . IR £ ¢
MR RISETIE W ER 2 mL, 1 0.22 wm FLARIERE S R

2 FiRATA PR , HPLC ( Waters600 ) 5 , DAD #5245 (P48 246 nm) JRshAHA I EEMIK (83:17) . 1F
AT K BR M 54.2 pe/L, HIEPEERINAR (SMREE TR BISEH 94.36% (n=7,RSD<6.58% ) HH )
12414 93.42% (n=7,RSD<5.47% ) MEMBIZHZH 89.24% (n=7 ,RSD<6.71% ) ,
1.4 HdlEibrg

K HI SPSS13. 0 #£4T Duncan’s ZH AL, I EERY R (R) HHEAN: R=(C,-C,) x100%/C,,C,H
WIRR B, C BRI BR BA VR EE . BRI i X RBR A DTSR (T, BRI @ X S8 be R Bk i 501 aa s
EHES) AR T.= R x100%/W-C, , Hoip R F i XTEERLPRZBrE, W o 13 a, RIS,
P A AEA IR - B SRR 2 FNENE N ST RBRFE R,
2 ZER551
2.1 SIS S A R R R

BI1JB/ART A B 3T NaN, ) PR R RRGL, 258 B, IV B N, R R e e i5 s
TR IE R AR, TR mE S (A A) B H kA YR RS T, 7K F (0. 602 ¢.0.321) 0] 22 548
F(n=60,P>0.05) ; A W5 (B 2H) B, SR AE B A ] — 35 Qe /K A R3S I 15. 65% —21. 32% (“F3{E
m=20.02% ) , i T, —T, KPR S A d2E 57 83 (n=60,P<0.05), M5 LM 20. 44% —
24.24% (m=22.08% ) , 5[[—154KF A 4lH 25 W 3#E (n=60,P<0.05) ., B b 5] 3 2 X o6 15 4 £ 3 rp
Y AR A — @ R EEH
2.2 BEWEIE SN A 2R G R R s

1 BRI ] Y R G (TR, HEE MR R B BAK TR — 15 JeKoF A 41 R 45 9, B
H AP A B SRR R A H(TR,) M 2257 B35 (n=5,P<0.05) ; SHBEFE KK A 4 (CK,) [A] 2
W E (n=5,P<0.01) , VEIARMLEEShHESE T 3P Ao LBk

IR EBRFITEX R= (€, - C)x100%/C,, "THER LIE P EEA LR 0L, 4558 Bon, Fii B 22 vy +
erbE bR & T 15 YOKF LB AR . T, —Tya BN, B 4 58 (TR, ) PP L BRFE K 74. 66%
(60.01% —86.26% ); A 40 (TR, ) EBRE N 64.55% (51.28%—79. 64% ) , i LA %t B 4H (CK,) ANy
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Fig.1 Growth difference of ryegrass grown in soils without NaN; under different pyrene pollution levels

®1 FEVPEBEEHTLENENRESE

Table 1 Residual Pyr in soils under different treatment conditions ( mg/kg)

5% B4 it Residues( mg/kg)

HbF Treatment

T, T, T, T, T,
A #ALHE 2 CK, of group A 15.34=0. 48" 31.19+0. 894 65.65=1.76 135.42+2.66™ 281.95+3.24™
A YI4bBE 4 TR, of group A 4.12+0.21% 11.42+0. 445 29.51+0.92% 67.99+1.81% 156.58+3.37%
B ZH4L3E 4 TR, of group B 2.78+0.23% 7.16+0.61% 19.22+1.425% 49.51+3. 445 128.53+5.98"%

FEFNEHR G AR FIK NG FEhERIR Duncan's 25 22 Fl i 2 (P<0. 01) S35 (P<0.05) 5T, —Ts A RIIRTS YK

*HE]@EE/%H:‘F, [A]—V5 9K A B H+EhE 14.0 -
18 2 B3 38 2 S S e 1 e 51 9% 2l X - S EE T G R AR 3.0

79.86, 12.90

MR (1 2) . WL il RRE RO F e 2 0 o/ SR
I 2 R I AL TR B R — R P TS Y (T, ) 100 |- o 32142,873

A LRE %

Enhanced dissipation rate

sk TR A (12, 90% ), IS5 Y (T,) MR Z Zg
(8.73% ) ARI5Y(T,) BHL K 6.64% . N
. . . 70 20.24, 6.64
2.3 B SRR Y A B 60|
HT HIEEPREIRE MYHE PR ERE ol 05 50 100 150 200 250 300 350
LA X B A 5 B 25V R (R or il conemtaton o ot i sois

SCFs, root or shoot concentration factors) (&l 3), 7] DA
A, BEE WA IR B2 (3B 3 BR RV FE I Mg K i
RCFs SCFs NZ /)N ; A 75 4ok T, A ke 45145
IR A e AR SR BE Vi 4 R B4 /N T 0 e B[
W T, —TJEFEAN, T /R A R AR Rk B2 R 8.80 (4. 11—16.79) (1. 84 (0. 87—3.01) mg/kg, A
S350 A 5. 42 (2. 32—11.17) (1. 12(0. 51—2. 01) mg/kg; Jo 4 4514 I B} RCFs , SCFs 2 0. 40 (0. 11—
0.99).0.09(0.02—0.21) , A Hr51AF43-51 4 0. 34 (0.09—0.83) ,0.08(0.01—0.18) ,
2.4 SR EELBR AR AIE AR

e B F R E R T AR AR (ABuE WM Ot RS A R R (kAR R R A
Vil f A - E s EAE I SE ) iR RIVERT . iR A 7, T, T, T, (T, AGRAE AWt e MRt R
IR AR AEY)-RCE Y S BEAE AR BRI B i sk E, H R, (R, (R, (R, ARSI WA CK, |\ CK, .
TR, TR AR EE R M LR 2 IEAFL S TR EAE AU T AT .

B2 AREFRKFTENELEBRER
Fig.2 Enhanced dissipation rates of Pyr in soils with different

pollution levels
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Initial concentration of Pyr in soils Initial concentration of Pyr in soils

B3 EYMARANENRRER
Fig.3 Pyr in plant tissues as a function of Pyr concentrations in soils
RE .SE Fll RN SN 735l QA S 151 IS5 £ HIRS e AEAR 2 ZEM B BURMR BE , 1R] — 15 ek P B [R) - BEFROR 22 57 0.3 (P<0. 05) ; RCFs-
E SCFs-E Il RCFs-N SCFs-N 43511 F& 47 Mz 151 1 JC ke 451 /6 F AR 3R | ZE 0350 16 e 46 R 400

R =T,
R,=T +T,
R, =T +T +T,
R, =Ta+TC+Td+Tm+Tpm
B 2 A3 PRI 451 2H 2O v 1) 4 WSOV LA R i 451 3% 20 %8 25 ot 2 W R A= 0 PR TR 7 A i iR Ak 2
BREHT, CK, (CK, TR, TR, e i 25 BRFASAL AT 20 11254y

AR, = T +T,

AR, = T:+T, +T.

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

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

m pm

A, AR, AR, AR, AR,y HUREIMML IS CK, .CK, TR, TR, P& LR SHIFEA I 4T A 41+
Berh KBRRE S T, T Ty T, T, R ERE s s ey T, T, T, T, T, A T AQ3 M| 2 20 B 3
WAVE X EE 22 BTk R . SR AL B 451 L3 sl 4 AL i S 15 B 2 N T 22 15
AR TTERR (R 2) .

5 A A, MG Sl R R G (TR,) HHEE BT 2 L BRR L 5 10, 11% , {H i 15 21 2R 22386 44X
AR 0. 08% , 16 I e 151 A ELRE MOV E FH O AS R EE M iR AL L PR 0 Bk 42, g i rp, A W vt
Je AP AR E 228 - R8I R AR 0. 16% 0.42% , —FH WA SRRk ER 1 F 8%, MLz T, Mk
YR ik BT 058 AR FREE 25 BRI DR R AR AR BT 48 A 41(15.68% ) #2755 2. 64% , J5 H K A 41
(44.94% ) $2&17 6. 81% , 735l i Ak KBRS 73 1Y 26. 16% 67.28%

3 itig

WFFE R 5 M- s HAE I A ) R G0 PAHs PRI R 8R4, AR R IR
(FRIE MR A BREMEAETE — 2 R b ) 25 5 AR B R e a8 T BB AR AR — AR i e i v v e
WP R AT SRS BRI B E YN EESE, AR, B RS Ts Y+ p IEH AR K ARk
AWy MRS S X BR A (R) G I 25 55 | DA I SR wE A VR TS Y LR B R
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R2 &Y FEMETFECEESEIEIBRRHIHRE

Table 2 Contributions of biotic & abiotic factors to remediation of Pyr in soils

i H Factors T, T, T, T, Ty
ek % 32.07+13. 24 29.28+1. 147 25.64+0. 898 22.61+0. 834 18.16+1. 045
Abiotic loss (1.17) (1.93) (2.28) (1.51) (1.16)
WEEY B/ % 210.23+4.87% 182.62+4. 58" 152.25+3. 62" 134.34£3, 3350 104.62+2.81%
Microbial degradation (14.46) (27.53) (37.61) " (34.15) " (18.47)
YRR/ % 0.32+0. 08¢ 0.24+0. 0748 0.14+0.01% 0.09+0.01 8¢ 0.06+0.01¢
Plant accumulation (-0.08) (-0.07) (-0.04) (-0.02) (-0.01)
TECH % 28.44+0.97 17.01£0. 82P 12.48+0.29" 5.56+0.22% 4.48+0.11™
Plant degradation (6.49) (5.37) (3.86) (3.26) (2.13)

W 5] 5 5/ % 0% 0% 0% 0% 0%
Earthworm accumulation (1.30) (0.98) (0.73) (0.51) (0.37)
THY -1 3¢ BAE L/ % 525.30+20.33%  482.40+£19. 45 439.89+7.36™ 414.08+14. 635 385.51+13.28%
Plant-microbial interactions (42.89) (71.88) " (84.53) " (75.64) " (65.17) "

[ FN 5 AN K S 5k AT 88 5 AR F/ING 3 38R 22 A 51 B 25K (P<0. 05) 5 55 A B S 78 im e 951 )5 122 1R 7 %o 26 i a1k 25 Bk
R, o« AR 3 (P<0.05) ; T, —Ts HHGT5 YK T

R ], 1Y) RS (TR,) HEE M35 LB R H 64. 55% LT % 74. 66% , # Ak L BR R & ik
10. 11% , HH1,26. 16% BI5RAEER /35T Ak W B i 67 . 28 % (1) 5@ AL 70 U8 TR - E W sc TR, i B
W MSIFEAG G 5 S EE TS il AR vh I R B 1 R AR R S AR - U I A BAE TS B . Schaefer
SEUTIYCH W S (RS R R A A M R e R 81 2 R NP OB B SRR AR 2 -
AR RE B0 K 4R v AR IS M e B A F AR L Singleton' ™ S IE ST iy 1] fig T AP (SR A BT
( Pseudomonas) FLFTF T ( Acidobacterium ) VA X 5 B 1 ( Penicillium ) . & 5 W ( Mucor ) . I 85 % ( Aspergillus ) ¥
PAHs AT A REARAE R . AW R R . A5 T5 3L 7KF (79. 86 mg/kg) T M 5] 7% Sl % EE 22 Bk 4 5 AL 350U
IR (12.90% ) o 3K AT RE SRS Yo P58 v 5 G ) (0 A 4 T R PR AAIR T | v it it A 1) 32 05 e W i o 4
FH Bl M A o

S U I 20 2B R A EEA A PR (0. 08% ), (He 5135 sk 38 T+ e ry Ak e i AR S ThRET LR+
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A #H(n=5,P<0.05) ,FHYR BN EE LRI TTRCRAIE/NT A 213X 7] 55 Ml sh e ik 1 -+ 3E-HE ) R gont
BB IR Bk BR VR P2 AR AIR | AT (AR 3R W MSCR) HH R B B WA B D G, IR | e W51 76 Sh BB AE — e TR B
WA SO G G P R AR R BRI AR XU
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