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Enhancing Effects of Earthworms on the Degradation of Phenanthrene and Pyrene in Soil-plant System
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Abstract: The enhancing effects of earthworms (Pheretima sp.) on the degradation of phenanthrene (Phe) and pyrene(Pyr) in a soil—plant
system and their influences on soil enzyme activity were studied by pot experiments in a greenhouse. The results showed that incubation of
earthworms in the soils significantly promoted the growth of Sudan Grass(Sorghum vulgare L.) at the concentrations range(0~322 mg-kg™).
The biomass of tested grass increased by 14.41%~25.91% for Phe and by 14.39%~23.9% for Pye when earthworms were inoculated in the
soils compared to those without earthworm incubation. The activities of earthworms could also facilitate the degradation of Phe and Pyr in
soil—-plant system.The degradation rates of Phe and Pyr in soils increased by 4.20%~9.76% and 3.69%~9.38% compared to those of the con—
trols within the tested PAHs concentrations, respectively. Meanwhile, earthworms also showed a possitive effect in enhancing soil enzyme ac—
tivity. The activity of the urease and polyphenol oxidase in the contaminated soil system with earthworms incubation increased compared to
those contaminated soil system without earthworms incubation. The earthworms were found to enhance the activity of the urease by 3.88%~
11.59% in the treatment of phenanthrene contaminated soil and 2.15%~6.90% in the treatment of pyrene contaminated soil; The activity of
polyphenol oxidase were increased by 1.91%~7.61% and 2.29%~3.41% in the treatment of phenanthrene and pyrene contaminated soils, re—
spectively. The fitting equation could be established of the activity of the urease and polyphenol oxidase with the concentrations of Phe and
Pyr.
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Table 1 Initial concentrations of phenanthrene and pyrene in

treated soils(mg-kg™)

PAHs TO T1 T2 T3 T4 T5
JE phenanthrene  ND 20.02 40.88 81.05 161.44 322.06
T pyrene ND 2024 3958 79.86 160.64 321.42
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1.2.5 fixEG . 2By LB Rl E

JIRTE . 22 B S AL 43 701K FF PR 2R 5 B 1 AR R =
M bt A TN E
1.2.6 F#EarE

% Excel2003 EAfisbH 5 , 7 SPSS13.0 R



906 RS RIIX Y R G IE B R SR AR Y

201145 H

2 ¥: (Duncan’s multiple range test, DMRT) #%4; ,
PAHs (2B (R) A : R=(Cy—C,)x100/C,, (C, Fy +-5E
o PAHs WGV E , C, WEURERT L3R B ) o

2 ER5H5H

2.1 3BT T xR ] A K RN

FEARMIMEMEE S R FE B 5 e LI IR
35d &, SAEE AR B, TR TE I SRR 1B S
SESRIT, MR AETE SR 100% , BRI i & Ab B
B B A ISIE Sl 4, HIEEAS S BREE A B B
T AR . LA BT EE F 938 B 85| (Pheretima sp.)
X HE BV YR — R T AZ T

H Wi 5] Y B B R A R (] 1) AT, 35 9% 35 d
J& , BT Qb3 v | B AR ZEESINFE (BB 0 S b 3
3, 5 oR I EE B AN R AL FEAR ELA , 45 fe
TG P VAR 5 BB P 3 AR, 7.09%~25.19% .6.79%
~27.83%. M1 FR B 15 YL vk BE (1S I i A
ikfa%s, 15 5 55 + b JE e VR B 5 B 3 A
RKFR FrARIE EE A Tk BE AL B v, W51 A 4 AR
IR 54 25.19%F1 27.83%, W] I, 3E . EEXTER RG]
KA —ERMHEIER, JE I R E R LI

451

JE phenanthrene
401
35F
3.0F
20
& 2.5}
#H Hol
= 2.0
1.5F
1.0F
05
0 L L . L . |
TO T1 T2 T3 T4 T5
AbE
45¢ % pyrene
401
351
3.01
20
& 2.5t
% 50l
= .0
15F
1.0F
051
0

TOITIITZIT3IT4IT5I
gl
~- SEFRHTBIBEE /g pot™ O 537 M5 B /g - pot™
B 1 3E. EEis KXl E R R
Figure 1 Effect of soil phenanthrene or pyrene concentrations on

earthworm growth

B4 K2R T 5 R B A o X R E A A ik
I/ R 13 PAHSs J5 YL AR HITE R .

FEARTANTE JEE AT IR - S Ab B e | iz 5] AR A=
RS AR, I-5.04%, HIFRA . —2ZiRB
I i W51 9% B 5 V) SR B B K, TR B s R/ ; Rt
R, B EERD, IR B
A, B LA R WA VR E YR, ik ENE
BT BE R ITE RS,

2.2 A E A K AR

70 d J5 , SRR RIFE LB 1S YK T R I
FHE BRGS0 , L4 SR B e 5] b 2 v B e
(F&E)BEYE(g) MR 25 (g) , B b
PR (TE) SAEYE () RE L 2 E(g), 0
&l 2 fimmo

LR AE AR i 08 1 - AL 3 P, ETE Y
Wk BEYE I 7E 20.02~161.44 mg-kg' B, FEXTFHFHELA:
KA RIAEH , FET5 YL B+ 58 b A5 P B AR A
BEERB IR AP 1.54%~21.96% . FEIEH
FE4 81.05 mg-kg™ B}, HFHEA Y BB R AME ; 23E
TS YLk KT 161.44~322.06 mg-kg™ B, FHFHEL Ak
YWRALTARAINFER L0 3 P Xt AR BAE B
PR SR SIS R E 2 AR R Y
FEWR R 322.06 mg-kg™ B, PR R EAEYET
KSR B KR, B TS ekt BRARFRAG 13.0% . 7EREFP
MelEl RIS Y H A B R R AR Y R RS
B ke 451 A BRFEAS AR [R] B ke 451 b 3 rh 25 AR
R T AR B S T AR B iE| b 3 (n=
15,P<0.05), FoA:= ¥y 8 5 o B2 PP ke 451 %) Ak 3 4 55
14.41%~25.91% , E-3HE 5 20.8% . MAEVREE K7 20.02
mg-kg™ B, e 51X 75 PH R B AR AR P B K, ke 18]
4 Ak P H R PR B AR R A R Rl i s %o PR
25.91%,

A TCEE RS A 8 T5 Y AL P P
AR AR AR A S RS e IR A R A —
o MEEHRER 20.24~79.86 mg-kg™ B, EEXS IR SHE
ARE—ENREER, BAESAEYESKES
4.69%~16.5% ; 41 Wk R 160.64~321.42 mg kg™
B BN A EA KA MHEER, A RS RS
RUSHINHEFIEE X BRALBRAR LY, FEAIK 3.36%~18.04%
HEEWREE 321.42 mg-kg ! B, A T RERBIR R
18, BT 15 Yudof FEAL I 18.04% . TEHERP IR (015 TS
Y+ A PR A K AR A e B 5 R R i 5] b
FHELASHA[F] o ik 5] Ach P o A5 P TR BE 45 M B K



$30BH 5 M

S W

¥ ¥ #H 907

2571 JE phenanthrene

20T

15T

1.0

051

LSS

\\\\\\\\\\\\\\\\\\\\q

NN

0

=N

&
A
ﬁ{
b
e
Ny

251

20

151

H

10F

L/

0.5}

R

SIS
LSS0,

4

% N

HGELLE ZEntH(g) ZMHRE(g)

NN

QAAVRNNNNNN,
LSS
SIS

O 1 1
LY (TR AYEE(TES) HRIE L

HGELLE ZEiE(g) ZMHRE(g)

Ack OT1 BT ET3 MOt4 NT5
E: FRIZAL BRI 1] ; E ; denoted the spiked soils with earthworms
B 2 dEIXIE . s R T P A AR E KR

Figure 2 Effects of earthworm incubation on the growth of Sorghum vulgare L. under different concentrations of phenanthrene or pyrene
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AIFRHEVE BT R . E3E . BEUREEN 320 mg kg™
B, S ke 5] 4 B S L Y R A 3R A L AR Aol e 5
AFEE 4.20%F]1 3.69%

SEA R A HT Rl i X R R R AR AR AR
AR A R LB VIAR G, AL i H S Y 7EA
]+ A B v Y A B K R B UMW) & TETS

2011 4E5 H

12,00
I3
3 10,00 F
s
§ 8.00
i 600f
% 400
= -&- FE {3 R

T @ B ™15
b

FE: 3R/8 %0 ik 5] 89 JE 5 42 4 3 ; FE : phenanthrene in soils with
earthworm addition
BE: F /R UL 15] A eE 15 Y Ab BE s BE : pyrene in soils with earth—

worm addition

B 4 MEsIx T R- A E RGP & RAFETIE.
EERERRRY (R it 1E
Figure 4 Enhancing effects of earthworm inoculation on the
degradation of phenanthrene or pyrene in soils at

different treatments
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Table 2 The removal rates of phenanthrene or pyrene form soils with or without earthworms

PAHs Hir 5] earthworms T1 T3 T4 T5
JE phenanthrene @) 69.48% 62.98% 55.61% 49.55% 42.92%
+ 75.37% 69.86% 65.37% 54.57% 47.12%
¥ pyrene O 63.24% 55.21% 47.33% 41.12% 34.60%
+ 70.97% 63.79% 56.71% 44.81% 38.45%

O AIMSEIGIAE B + . Ak 51 Ab 2

O : Treatment without earthworm addition ; + ;: Treatment with earthworm addition.
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Figure 5 Effects of earthworms inoculation on the activities of soil urease and polyphenol oxidase

3 HIRTIREE . S B R EEE ERTERKETEEMHE

Table 3 The inhibition ratioes of urease and polyphenol oxidase activities at different concentrations of PAHs

JE phenanthrene T pyrene
T1 T2 T3 T4 T5 T1 T2 T3 T4 T5
JREE urease /mg* (g-24h)? 60.56% 71.49% 78.21% 84.99% 91.16% 69.59% 77.49% 84.21% 89.99% 93.16%
JXE§+E urease /mg- (g-24h)™ 50.69% 59.90% 70.19% 78.53% 87.28% 62.69% 71.90% 79.82% 85.53% 91.01%
LWy LR polyphenol oxidase/ mg-(g+2h)"  82.12% 86.81% 89.07% 91.59% 94.21% 86.12% 89.81% 91.38% 93.59% 96.78%

ZBYEALEF+E polyphenol oxidase/mg:(g-2h)™ 74.51% 80.67% 85.32% 89.68% 91.73% 82.71% 86.67% 88.98% 91.28% 94.49%

PAHs

I (3R 3) o HEAIMRASIHETIETS Juab 3R b IR S AR
ToHE B RN B R T 3.88%~11.59%, ZWy4E AL
TGRS T 1.919%~7.61% ; B Rl 51 2 75 e s
L v JR G P E TG e ) X B A B 4R R T 2.15%~
6.90% , Z By AV EHE R E T 2.29%~3.41%, 3E.
BB V5 Yk B AIREST , M| %oy + SRS M A SR AR R AR
TR, 3B EE V5 YR AR R N, M| %o - BB 1 A A
YERBAK,

TEATRIS P, Aol 451 A1 oo ke | A 288 v R
MZ By E VRS MEREE JE B 15 YR BRI AR
FREE IR UL, SRR R Y=ax X5 FHE A AL
T EEM S IE I PR E TG . Y 405
TR IREGEF Z W B ALEREE, AN EAH mg- (g-

24h)™ Fl mg+ (g+2h) 50 P HIRANBMAITE . EERIH
WU sa b REIATTRAHEL MELRIAEL,

Hi1Z% 4 AT 0L, A B 2H IR A A 22 B SR AL B S A S
PAHs 7 8 ¥ JBE 19 5% 2 B 68 I eR 5007 R AR 4 st 41
o EHEMETTREAIE H, BRI 2 B S AL B A
AE—EFEEE L AT LU B PAHSs (975 4L AR 50 Bz di 451
X - SRR PRI o IR PERE PAHSs {5HLW
WA TR . TER—15YwKE T, S i s b 3 o +
SR T AR S| AR B, 158 B M 5135 Bl %o L S g
EERA TR

H15% 4 AT, JE R SRR SR AN R A BEE
FE EEWRBEE TR IR R , 3 Z AR Y
WHRERR . S5 4K 5 oA, 7E3E Rk
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Table 4 Regression equation between the activities of urease or polyphenol oxidase and concentration of PAHs with or without earthworms

PAHs i3 WEHE R? n P
JE phenanthrene 74053 Y=1.081 757% 0.754 8 30 P<0.001
REG+E Y=1.29154° 0.767 1 30 P<0.001
Ly EALRE Y=0.163 25 0.713 9 30 P<0.001
Ly ELEE+E Y=0.185 932x040¢ 0.695 2 30 P<0.001
T pyrene Jinace3 Y=0.157 447! 0.755 7 30 P<0.001
JIREG+E Y=0.168 7x7%%¢ 0.728 4 30 P<0.001
EA =014 Y=0.048 7x°%22 0.676 9 30 P<0.001
ZELEF+E Y=0.050 35°%° 0.714 4 30 P<0.001

JEER, SR T AR R , V5 YL R R, ]
PR BERBCR B s TRV YW R MR BE , Sl AR i A AR R
B, TSR A R A, B SR BaR

3 itig

1881 4E3A/RCH BR A The formation of vegetable
mold through the action of worm B YRISIE T M 15 X 45
WA K AR HIE R o T , KR SRR, M6 /e 123
PRTESI AR TIRARA K MK EAEY =™, 5F
CAVFE K T M ST shedt /N2 R B 7= L
K B S5 MR e AR A B HRE

BREMR AP TR , K 5 AL 25 F T Ui
XK R A/INAE 2], IR B S VR 7 B —
3 P O AR 25 SR A R B, S 13E Bh ] A EE
LTS Y PP R A K ORI, A& EE.
A T PR A Y (B REE TE R MR B S,
JE EE X MG A AT F A RGO , (M A1 M55
B S Xe TP B AR K B A U B R IS5 o M 513 50
AMLAT A S A it AR, AR AR HERE AR R 0
AR TER TTHA I A B, JR PR AR L 22 7
AR (n=15,P>0.05), BLEAMIEIESIRHEY & AR
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