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Effects of Earthworms and Compost on Aging Process of Pentachlorophenol in Sterile Soil
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Abstract; Effects of two ecological earthworm species( Eisenia foetida and Amynthas robustus ) and sterile compost on the aging process of
pentachlorophenol (PCP) in sterile soil were investigated in the present study. Concentrations of water—extractable PCP, ethanol —ex—
tractable PCP, humus—fixed PCP and earthworm—accumulated PCP were monitored during 42 days of incubation. The results showed that
concentrations of water—extractable PCP decreased over time in control and sterile compost treatment during the aging process. The water—
extractable PCP concentrations in the presence of earthworms decreased from day 0 to day 14, and then increased from day 14 to day 42, sug—
gesting that the activity of earthworm could enhance soil PCP desorption, which might be related to their increasing effect on soil pH. After 42
days of incubation, transformation to humus—fixed PCP and removed PCP were significantly enhanced in two earthworm treatments, probably
because the earthworm could increase the content of humus, strengthen the chemical reduction of PCP by organic acids excretion, and intesti—
nal digestion in the gut of earthworm. In addition, significant higher concentrations of humus—fixed PCP and removed PCP were obtained in
treatment with Amynthas robustus than that with Eisenia foetida, indicating that A mynthas robustus could improve soil PCP transformation
and removal more effectively than Eisenia foetida. No significant influence on the PCP transformation in sterile soil was observed by the addi—
tion of sterile compost.

Keywords: pentachlorophenol; aging; earthworm; compost; transformation

T 5 (pentachlorophenol , PCP)/E A AN
BHEEY) , FEVF L 1 X R ARTTRR Y 38 R P= i
R NN AR R BE ARG 2, FLs Yoyl SOk P i

Y% B #3:2011-07-04

ESWB . HRARBERS (40871152); | RE AARERS
(9152840301000015)

YEE B 4/NF(1984—), 5, INFESAMN A LA, FENF+
HANIS Y SBEPIT, E-mail : zhuxiaoping823@163.com

*EEE 25k  E-mail : yongtao@scau.edu.cn

Lo 5 NRAER NS SF T, PCP 7 T A B RS
PEIERFEALFEINET N E RN PR L 36
BB R . AR LG, BT
HASRMmR ., e B A W 9 I 25
PISR BN , T LU S 45 A I T 1k L2 A
A YRR R R R AT IR . R FIRE AR
o HHT, A XTI YLIG R B2 R OF A4
REFFT RIS (BRI ALTE Y AE 3R I3 P H



23055 114

BRI SRAL A I IRE R D . PCP 78 H 3SR 5
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1.1 SRR

i + R B R ARk K 2= A 3 (23°
09.190 N, 113°21.244 E), %% SRk R BUE
JE 0~20 cm fy 138 R i A 2R A miR A
FBEIXHIT AL ™, HIEFEBE HEICAEZE N ARX
T, ZMRAJE B EE, 3T 2 mm G4, ERBRAL M R
L3R 1. M5 P APOA R A A8 b, —Fp oA H R
B85 (Amynihas robustus ) , J& T N Z R i5] , R B 3%
TET AT 4, BB XA E R 0.70~1.00 g, 55—
R 75T % 85| (Eisenia foetida) , W BYLI T BT & X,
J&FRIZFPUEAS] , BRG] {RE Hy 0.15~0.40 g,
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Table 1 Characteristics of the soil and compost

S  pH  4%/gkg' 2Bg-kg' 8g-kg? BYF/g kg
+i 471 1.13 191 9.72 22.50
R 7.54 8.97 13.25 17.68 198.35

1.2 ARFAZE
1.2.1 SEmikit

SRR 2, KPR EHEERIMESS% 30
hm? K H AR R TR, HEAE 5 /Y L 1 29 2:
100, N T HZEHEREXT PCP 4kt FR A2 , [R] if %
Ry s A5 R L TR R BB, A R KRR Y

SR R R 2219
R 2 LW
Table 2 Experimental design
W1/ 5%
P K PCPYREE/ K . HH/
kg mgkg'  HEAR/% Amynthas Eisenia. w
robustus Joetida
CK 1 40 - - - 3
T11 1 40 4.5 - - 3
T12 1 40 4.5 15 - 3
T13 1 40 4.5 - 30 3
WINEH 4.5%

PCP ASIIERRR 75 138 PCP AT 4wk AN,
8T Wi X PCP BT 521, BSR4 T PCP X
M5l ) BEME TR AN . 2% Lanno S THE T 1S
2| PCP X} Eisenia foetida F1 Amynthas robustus BJFIEL
FEHR I (ILLs ) 735414 73 mg-keg™ A1 150 mg kg™, T
PRUE BRI 551 475 1, PCP MRS IR IR BN RE B T X B
MNRE . WAL, Eisenia foetida F1 Amynthas robustus F)
EFIEU E (LCs) TELR 21 d IFBCONARIE, 2331 K 48
mg- kg™ F1 40 mg kg, A BEHEZEF(P>0.05),PCP
XA R EERA B EE R B, AP
e PCP BN E A 40 mg-kg s

HRYE PCP Xof e 5] %) 7 1 10 A5 i 06 A AR N5 2R
TEQIIEIR A 7 R G A A K 5TE3h = B A 5
fitt b, FEEEFRAESIRAEYE 3. Amynihas
robustus [ BEUAE R Eisenia foetida BIPIfE, BHIH,
2R S FH W 5] AR AR I EL A 15 4% -kg™ + (Amynthas
robustus )1 30 £k kg + (Eisenia foetida) ,

1.2.2 B Ee

Fe4r BIFRBONT TR RIS A DR,
I Ry S4B (VCo T8, 5B BRI & 4358
30 kGy il 60 kGy™),

1YL AT AR TAE S HET, FREL 300 g
K135 240 mL PCP WEIfE B FEMRS, A5
B IMAFIAR K S RS,

TSI YRR 3 A0 2 . AREL 135 g KR HEAE
KR HIE A MRS R R RIERTR AT %

FERTERES TS ERESE, R AT ER
JEIMATRIK, W3R EE R KEKER 60%,
ST IR, B TE RS R TP 48 h JR %
Pt 5] M M5S0 E TR K YL i B U R
DA R E P BRI AR B 43724 (0.7£0.1 ) g Fl
(0.3£0.0.05)g foH: BB 3R W8] Fn 25 T 2 b | T 45 57 46
HCE 24 h, AR RN ZEE  FITCRIKBE 3 KUE



2220 AR/ KIS T M| FIE AL X 3 T S B 8 AL AR i R

2011411 A

WINFEARE LENERNT, B TERB
RS T 3ESE, BIR 24 h 7% TAES LB 2 h,
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1.2.3 PCP il 5E

2 Edoardo™Hl Scelza® ) 75 1 , — E BT E] A28
TR I PCP RALFAE 3P AT g i A= M A R A
o, MARAHAEM A RS . KIS PCP % 1:4 (1)
HK PR HEE 12 h, #RJ5 B5.0> 1 h(5 000 r-min™),
FWEWZ 0.45 pm (YRR UE IS b S AR A 51X
W, PCP Y 1:1 K FITC/K Z BEHR G IR BRI R 2
— T S AT RIS A E T R, L BERERAS PCP R H]
R R 11 FKFITOK ZBERZHRE 1 h, SRIGES
> 15 min(3 000 r-min™), frf5 b 15 WAL 3 5 7K $2HL
7 PCP —%,

PEREE 2 A R HEA T, AHLTE YT R A
il A S TR A A, B e A BN
T XE LAY £ BEPR B, Ry S LI [ e A5 o 8 101 7K
ToK 2 BEPR G 1R BUR PR AR UTE S J5 A 0.5 mol - L™
NaOH ¥ ¥ FIk £ Bk + 85 4 USRS . & B IR
FSARER -7 3 %4, &5 FHNERAE O LGt i
43R %A P [ 2 ) PCPSA JF A = HTRAES,
b R A RS R

W51 A= ) B B A PCP (X Z% Haimi 55195
28, PCP AR B OB A i (Waters 1525) .8,
437 254 . Pinnacle 11 C18 s AH @ 34 (250x4.6
mm, 5 um), FEshH A 80%#Y B B (o ikl ) 5 20%K)
0.1% . BR (a3t 4l ), Hi# K 1 mL-min™, K 13.79

W
(=)
1

MPa (2 000 psi), & 40 °C, 28 546 I #% ( Waters
2487 )R 220 nm, 7 ¥E ERE R 96.91%(n=5)
1.3 #iELE

BOE3R ) Excel 2007 4E & ,SPSS 11.5 454y
1, f#% Duncan #56 ,
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H—H 2 T FEEE CK AR 42 d BB A [E . 7E
BAEFEHIN, 3 MM E A KIREES PCP H B & T
YR (CK) ;s 7EXE 3% 28 d X PUJF ,T12 F0 T13 AbHEE &
25T T11,{H T12 1 T13 LI L AT 2
2.2 | Fn AR A0 18 T B9 £ 35 Z E2IR BUAS PCP

mE 2 fis, NaEaEskE , pra b 2 B
$RELAS PCP VR FE BT R A HERS Y 2 T REta s 35
FREEHRET (42d),T11 A1 CK 4b3[H] £ B4R EUE PCP
ERANEE T12 F1 T13 A ¥ B ZFMKF CK F1 T11,
T12 b3 N B KT T13 4b3H,
2.3 | Fn B AL B T B9 £ 358 A IR B E 7 PCP

TEFGFERT 28 d PN BT b FHES SR AGH I 21 Ji 7 o [
ER PCP, WK 3 fii7s, ¥53% 42 d B}, CK 1 T11 4b3
Z B R E A PCP ZR A B, W T12 1 T13
BERBTCKHTIL,TI2 XEERT T13, HF3 A
W, REFREE AT T12 F1 T13 b rp 4482 B e A L

BHod O74 [[Mi144 g]28d 424 a a
25 1 . T
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220F — b — b
= — =1
g1s5f b — —

v | 5 = T, —
) — — —
B = b = —
REIE=E. c 777 = l =
. == = .
CK T11 T12 T13
AbE

RRVNG F2RIR R — 35 R0 [ R R AL B[R] 22 5 B 3 (Duncan 3, P<0.05), FAl,

Different lower case letters refer to significant differences( Duncan’s test, P<0.05) among treatments at same incubation time. The same below.
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Figure 1 Water—extractable PCP in sterile soil with different treatments
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Figure 2 Ethanol-extractable PCP in sterile soil with different treatments
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Figure 3 Humus—fixed PCP in sterile soil with different treatments
at the 42nd day of incubation
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Table 3 Concentrations of humic acid, fulvic acid and humin in

different treatments at the 42nd day

TiH Mg kg EHMgkg' SR/ kg
CK 0.92:+0.13b 2.86+0.04d 5.06+0.03d
T11 2.3410.07a 3.41£0.04c 5.66£0.15¢
T12 2.38+0.07a 4.44+0.12a 6.17+0.14b
T13 2.32:+0.06a 3.77:0.03b 6.91:£0.08a

EMEEWEBERT T11 1 CK,
2.4 $E3% 42 d BHHES| 4 H B2 PCP
W 4 B, B gR g st H B IR B8] (A) Fi gk
TZ M8 (E) RN TR B H PCP #4918 4.66 mg -
kg™ F13.31 mg-ke™ Wi, HA GXTN A PCP £
AR (RIS FR & PCP M8 5 H 5414 PCP M B
A4 31 0.12%F1 0.07% , i Z A ZH A B
E N
2.5 WEH[FNHEREAME T 1% pH 924k
AFE b 13 pH A4 5 Bis . T11.

B 4 HE5F 42 d BEHEIRES|(4)FFFEREI(E)ERNEY
R PCP HYRE () FIRRE (D)

Figure 4 Concentrations(a)and ratio(b )earthworm—accumulated
PCP in Amynthas robustus (A) and Eisenia foetida( E)
at the 42nd day of incubation
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Figure 5 Changes of pH in sterile soil with different treatments

JE TR E, FUAFE M VR T 88 30 PCP
FEAE IR R sh A, BEFRES AT, T12 F1 T13
FI7KREA PCP B2 5T T11 Ml CK, I 15| 6%
P55 PCP YLEIA 3, 1ESE PCP &1k,

A HLE R A A B FIs e A B
PR RSB T A YRR 2 S 2 0 T R B
R, —JH, it Ref 02 i T KA R AR BB
R, AR -3 S ) R T AR, DT 4R R 7 MLTS e
PR A D RE I BT B R R T BB, 53—
J5 T8, HEAE R A RE % $2 i A ML U2 7
BB &, AT E A M5 e e 38 iR &
TR LA A 5 A R AR,

SR, BT PCP B By L4854 , v] [RIET A4y T2
MEFHYNGFAE, PCP ) pKa K 4.75, 438% pH
/NF 475 B, PCP FE L4 FAFTE, HEFES
PCP 4% i B b T 25 BT o E 31 398 A g 388
i pH KF 4.75 it ,PCP EE IB FAFFE,PCP /Y
SO B R, FEFREE AT, CK ALY /KRS PCP
AR B, FTREERE A4 pH SRABIK T 475 F K,
PRHET PCP AR I o AR SCI0 Vs i 3 HE 2 itk
(1), f@#18 T11.T12.T13 B pH EEH T
CK, s/ T +3 PCP (WM& . HLvK, Wi 453 3h
AT Y -5 pH B R LE 5), E— B RER T
+3EXT PCP MM HVE o LA, MEEISI BB S LA Sk 151 431
Yy J5| 25T 0K R BEA AR A 1Y, 125 1R
SRS B, AR H) NHHE—FP 557K &P FH
BT, HARALEE 155, B FROK AR, X Rtk vl
BEM K T H S PCP R METhsE A il i FH S FAR 45 & 1)
RE IR BB X, #45 PCP 43T BBk M/ i
AR PERG R , DA Tl 55 JHCAE 433 rh A IR B,

Fall 2% B, B F&% 0.2 > pH BAA7%F PCP 1%

MBI 5B LRI K 19X FA L PR AR Y, AT
U8, pH (4 F+ 1= FE AL B3 % PCP B A= WA stk
S EAHRAVER . T11 B4 pH  5.21, b CK _EFt+
T 1.354 pH Hifii; [FIB KB HERE LA 4.5%H89 L6l
o, HEEAYVUE SR CK FERRE T 0.9%,
R AT D0, 1A AR o+ A A R4S PCP RY5Y
WREZHEN . FEAR T, SAEYVURMIERAMEL,
pH MIYER i 2 S 3007
3.2 HEH5|FnHEBE AT + B4 & S E E IR E E & PCP
sp-A|

ABFFH 2, B E A PCP 57K 32U PCP 2%
EFR REE G4 PCP. ARIEA HLT5 S e 3P i &1k
BN, 542 PCP A F T 3RAE M 1 R Bt 38 4y
Bt A 5 3 B AR R T B 3 R AR S, A 1084y
TEHEEKEIRE T BREKBEES SEE JEHR
[#] R 25 I 061 A AR 225 PCP DASh, RIAIIBFR N
PCP {YHBRE, H 2 aHE 5 A AE S &
Vs b FEAR B LY AL 30 IR A S R AR A T
A= YA 2R Sy o B 6 TR B SSRGS AT AR R
AhFR R FIEAS PCP 9T A & 1) R &2 | 43t B

HE 6 ATEH, T12 #1 T13 45674 PCP 2 i 2%
fl&F T11 Al CK(P<0.05), T i 58 R 45 A A A bR i
PCP W 2.3 = F T11 F1 CK(P<0.05), X, Mrisl i
IS T L3 PCP mZ5 G ARFALMIER, HAER
B4R 1A L 1) S B I R A B R AL AN PCP ) 2
Bio HEFRLEHAT, BRIl A AbH v B ER AN AR
FEBEHMBEEST T M CK, X 5/85HEEEES
PCP 5 RAYI A . BH9TRM, BT is| s A LTS
AR E MR B T ARSI 2, S R
B RST /NG BB RRE R Y - ROk, 3 R TR
TR 3 LSRR, TR A AL TS Y ) R [



#3085 11 £ B F oE OB ¥ % W 2223
Bkigis  OEAS
120¢ gg@gmﬁ D2 891 4 s 4 Zig
100r ()£ 42 d B33 )a , a2 K TR X REAL 2R
§ 80} AN KRR R AR TR, /K BEEES PCP B RS [ #E
ﬁ 6ok BB T W, A7 e B 8 A 2 A3 s FE M B P E T T,
@ wl [ﬂ IKEEEZS PCP IS T REE LI Aass, Ui ik ]
fR i 3% PCP BRI M, X 25l /LY sh
ol YR PR35 398 pH s 6 itk 2 P ELBEAR %
S Ti1 T2 T3 (2) ke 451 A8 n A BE 5 R ¥E 1 3% PCP [n] Ji§ %8 S5 [
s EREEAY, I FE—EE PCP £, X S84 5
B 6 335 42 d HARAE R &R PCP GHIBEN IR R SR, Rk PCP 9L 2EiE B LA
RERI LR DA B B 48] B Bt PCP ()T RAE A %5 FEARSCI 4%

Figure 6 Mass percentages of different fractions of PCP in
different treatments after 42 days of incubation
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