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i 3 S A OB AR A R AR R P B RE T AR R B Bl o OB SR BB TE Y AL, ML 981 3R R AN I GE R R EE R
JEFR BT R, ERT 60 d A1 150 d SR 25 (9 22 5 (p <0.05) o MW A A SOD I Pl 25 26 1 & 4k , 75
e b FHAL A 42 HEAE S BT 08055 L 150 d B 55 0 BEOHE B, 6 B S 3 A (p <0.05) o CAT i P 7 100 mg kg ™' ¥k
BERYEETS e ab FEAL T, T 60 d Bl Ak (p <0.05) 150 d B JC b 25 2% 5, 107 9 I (MDA) 35 0 B 2 1Y &
AT 47 5 % 8 2 B 22 53,150 d 1 50 F1 100 mg ke ™" 9% B2 A e 75 e 4139 F B 3502 52 (p <0.05)

EX 1
FESES S154.38

EERTE I b A AR, H O ok Sk B AR
PR30 38 51 A 2l 5 1 22 38 35 42 B 44 B v g i A0 A
Tz E R ARG EENSIY
Z— AR AY R 60%~80% , i HHAE R
THEG AR R A b R 2 i 8] R TS
YA SR PO R e b T R R
Hb TEREESAAE T, i 5] 44 N 2 BB K A 0 1 A 2o
SEAL S FNE Bt Ak . WFSE A, A AL W Ak il
(SOD) Filid 4 fk SR (CAT) 14 4 1y 0K A 52 e i i
w5k AT AL RE T TR S TR T (MDA ) & B
AR 2273 JEE g 5k 40 A o o R X 300 8 I g f s 5

XEFRTE , B AT 22 BOE 5T R 38 0 A i |
TR BE 1 7 E A b Z 35 R 1 R A L
PR B T 8] 2 H i T8 TS Y W vik B 25 )y T Gk
ZHRAWEGT 0 LI 5T 6E A i W5 0 Wi £ 3R 05 1R G
WA —E B . X TR &, HArhF s &
AR TP O I ] P B B4R A R B ok R
Wt 22 B 35 0 o i 01 A i AR O T 56 TR AL B
Xt it 5] A= 2SR B WE S AR X RS . b, AR SCRAEE
RIS Yy, i o R Eh Y, R G H B 5T N )
F AR ] 4 75 3 e 0 22 Ak B K H A i 1) % Rz
i 18 1) B AR AUAEE, DL EE Wl T i 1 44 Py L Fh

V5 A s M8l 5 A2 W O s P A L g
M ERARIRED A

PR AR AL L, LAY O £ e Z2 36 55 ke g 2 1Ay
hy K i | W Wi 22 B D7 s B B PR R AR B AR AR,
P 22 B0 55 45 Y 7 B2 W 4 (18 B T Be

bR ik

1.1 ks

P A R VLA B T Y B AR (0 ~20 em)
A AN R 1 pH6. 12 (pH 31 2, +: K =
1:2.5); H3EE MR & & 15.3 g kg (K,Cr,0, % 1k
P ) + HEPH B F A #e ik 20. 6 cmol kg (TR
BRRIAE ) s BRI A i 65.5 g kg (VTRRILINAE ) o

P e 451 5 2R - % MR W5 ( Eisenia fetida) o 156
U, W) 7E 5 0 R SRR TSI = B SR A N
FRP A, 9 1R] ] 4 28 ) 3% 00 O 1F 42 3 B K & o I JR]
FeK B 70% o WA 5, 55 55 0 45] 34 5 2 0
W AR R 0.25 ~0.30 g

R FF A E =98% (W 3 Alfa Aesar
A,k 202.3 g mol T, 25°C 4li Ak rf A R BE R
0.12 mg L', S EE-/K 2 Bd & %k (logK,, ) 9 5. 1877
CH,Cl, WEE (54l ) W T/ ot A %A W H R A IR
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1.2.1 &R LKA AL 2 mm
J&i , A3 M FREL 100. 0 g 6 AZ5 T 100 ml 1 35 3% 35 i
WO R R A R T LABE O 2 55 M. R
JH® Cory-HT £ 4 5 K 1 (4 5 50 Bl 2.5 Mrad) Jig
TRWBEGYEE, LHELEN:(1)4 2 ml BLH
B T TR TR 5 V0 T I 5 B 3 O v 5 2 1
f e 0.10.,50 100 mg kg ™' (T £ ), FF 584045
S E TR ERAES 24 h, N E 005 K
(2) I A TERR K, P35 £ ek 4 2 M ) B KRRk &
(1 70% |, i€ % 35 J5 FH A0 065 2% b, o AR B 1 T 1R
B, YRl B B A (22 £ 1)°C | R
MIEE SR AR N3G 9%, SR )5 430 T 0,30 .60 150 d i IR
PERFEIFI E v i, B AP 4 M EXE,
SRARERT, FH/NER 43 A 3 A 1 AR K R Bl s R A
A, R R M K

1.2.2 M4 A SERE W R B+ FE TR
AlJE AREU3.0 gl HIEPEHEMKE, A FEE
150 ml =M. BN =MIMPaA 8 &, U
FRTE BRI 1, B 8 AN EH L L R E R = MO AR
(22 1) C BWE &M T %, M| i A BT, 75 3 &
A WMRIR AN FE IR L 24 b, LLWEE A, 7 d
S, 4 e ) DA = A R v AR R 24 h RE L HEZS
RN AR, AR ILEE T, JF ke s 3 ARV
I B 51, 0 B8 50 A O 5 v L 43 B e
RIGHIHIE . RG89 5 iz 8 53 5 FR
HE R IR M 3.0 ¢ JoK B ER G BEE , I SE AR
IR B & B o A% 19 e ] ) 000 5 il 3% 1
MDA %,

1.3 EW54#H

1.3.1 5 48] v 25 Y A5 3.0 gy
(938 (A 3.0 g &k 20 H 5 1Y T8 K 55 % 44 ) Fn B
AU 2% K2 b 3B FE G 43 0 35 mil ) B 5 B0 A
RS E A 15 ml R ke, 5 R 7R RS VKR
B 2 h, L2 500 r min 'S0 10 min, B3 ml |-
R 3 g RERAE e Ak, I A 11 9 &0 B AIE
O BE VA MR DR I o % R 58 W Wi B 2 e 7 75 RO, 40°C
R T ZE T, HHEEAE S ml, i 0.22 pm
FLAR BT b v ke i =

1.3.2 SR Py i % o4 AT MDA & 68 (1% I 5 L
W81 R T S5 A BEER L A 10 ml 50 mmol L™ BAR £R
P (pH =7.0) , T oKk v FH 3 55 T 85 2 45 240 i
BRI FEAR IR (4°C) M BY.0oHLE 10 000 r min ™' §§

> 10 min, A5 F 35 WO T 00 2 ot 1] e 421 i 05 1
FIMDA & &, CAT 3 9 % % A Xu 251 9 7
W HBAT N U g B R, — NS B (U) 2
X H:25°C,100 s PN ff H, 0, 4> 1/2 B Y 5
T 5SOD 5 Pk I G SR A W U e gk R
U g "B A, — MG I 8007 (U) LAl NBT Sk
2 N 50% K 37w s MDA % £ I 2 SR AR R 12
2R (TBA) Hotak ™ LA pmol g ™' 45 1
IR AR AR I A R R Ah- 1T LA B T
1.3.3 M Hr ik R 0V AH 833 4 B SR
H A< 5 HE 2N &) 42 77 (9 LC-20AT, SPD-20A/20AV 48
AN 28 AT — A C o AHAE (4.6 mm x 12.5 mm)
HFEA 12.0 pm BFLE4E, [ B %5 30°C & &t
i Bh M e 100% B B, oA 1 ml min 5 4G 0 3k
KR 254 nm; #EE R 30°C ; FEAE R 20 pl. By [E
Wk 89. 49% , FH XF b Mk 25 K 4.05% (n =5),
Kz BR A7 50. 2 pg.
1.4 HBESITHH

B b B R FH Microsoft Excel, @315 8%
K >R I SPSS #44, BL R 2 75 22 43 BT R A Duncan
%, Uk p <0.05 1B 8 % 2 5K

2 4 R

2.1 wETERHZLAE

& 1 A, 10,50 100 mg ke ' EETE Y+
e, 78 0 3] 60 d P, BE MY BE 4 I MK 7. 55 .45, 14
87.45 mg kg 'PEIKE 3.30.32.93.69. 83 mg kg, 4
MIFEAE T 4.25.12.21 ,17.62 mg kg ™', [fi £¢ 60 ~ 150
d, B FE AL IR IR 1 1,24 2. 14 14.25 mg kg ™',
X R W, 0 % Ak B B 25 I IR B0 R T 2 T e
1,60 d /i Z AL ,60 d 5 B AH S

10 mg kg™
100

[ 50 mg kg™ H 100 mg kg™
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Fig. 1 Aging of pyrene in soil
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2.2 TEBgE xRS A K 40 R B B2

] A A T R ) R R 7 AR R R
HRER AR, R RER AR, hiE2
AT, BT 5 1 1 2k B T K B 8] Y 2B K
WM, BT 60 d P, B X ) A K A Bk
SN TG e 4k B2 1 8 TP IR Hib 0 d A 30 d
I, 4495 Ye 4k B0 2 535 % T X 8 (p < 0.05) ;60 d
B, o6 Vi€ J3E B 75 G 4 B (S0 T 100 mg kg ') W
TF IR I B AL FE AL (10 mg kg ™) HIKR R H I B

O1mgkg! [E10mgkg”! M 50 mgkg' M 100 mg kg™
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Fig. 2 Effects of pyrene aging on earthworm growth inhibition rate
TE (7] — 2 AL I i) S ) <7 B A AN [R] A 31 ] 13 22 S 36 B Wk 3%
JKF (p < 0.05) Note: The different letters represent significant

differences between treatments at a same aging time at 0. 05 level
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E2S ., MAE 150 d B, Ir A 15 4L ab #1300 B 2%
25 n W, Ak K, B i ] Y 5
AL
2.3 HMEZEUEERSENEENFIE

A T) 2 AR IS 18] 19 26 7 i 8] A P9 A a4 L 3
ke 5] 3¢ 7 R M 1 B BR B U VR I R - 4 b VR B Y
BTG 0 RRE 2 2 A )Y RE A R Y
RREAR AR A, i T o 2 G v B B T 3R, (b
& EACET P IE K i - R VR 2 SR T
Fefa s (2 2) . 150 d B, Bl -3 iz il vk 3 22 i T
T A2 AR ], 0 d 2 60 d, AR 5 i 45018 s Bl 19
90 d, AR BE BERLP, 60 d B),10.50 100 mg kg ™' (¥
P65 Y A HE P b 45 3% R R G B R B 4 0 Sy
29 170 290 pg g ' H1 67.360 460 pg g ', % 0 d i
SrAIBEAR T 21,40 .83 g g A1 6.3.47 pg g o
150 d i, iz 5] & R A0 i 3 A vk B o B R R R 1T
55.65 pg g ' F114 110 150 pg g ', % 60 d i 435
FEAIL T 18,120,230 pg g ' M1 52,250,310 pg g~ ',
e 5] 96 K R i T Y BE VR BE AR T 60 d Y i M 22
Yy F 150 d B, {H7E 50,100 mg kg ™' 95§ Y +
e rh i ] % R AR EEAE 0 2 60 d Al H) R R B
FEW2ES BN ELE 0 d BFE T 30 Al 60 d
(p<0.05),

1200 @10mgke' W 50mgkg' M 100 mgkg"
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Fig. 3  Effects of pyrene aging on pyrene concentration in earthworm tissues
T 2 A [F) R 5 R AQ R AN [ 2 0 I 18] 9 85 542 Bz 2 o 38 4k 380 1) 99 22 5 W08 3, O TR /NS 5 R AR AN [l 28 Al I 18] Jigp 18 2 ok )2

AbFRIA] A 22 53 132 (p < 0. 05) Note ;: The different uppercase letters represent significant differences between treatments in py-

rene concentration in earthworm epidermis at different aging time, the different lowercase letters represent significant differences

between treatments in pyrene concentration in earthworm intestines at different aging time at 0. 05 level
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®1 EARBEXESENENBENREREEZ
(Ji 38 2 - Bk ) B 5 0
Table 1  Effect of aging of pyrene on difference in pyrene concentration

between intestines and epidermis of the earthworm (pg g’l )

bR E] WRJE 2 Difference in pyrene concentration (g g™')
Aging time (d) 10 mg kg~ 50 mg kg~ 100 mg kg '
0 22.16 246. 4 555.2
30 46.76 152.3 230.7
60 37.69 186. 5 167.5
150 3.010 50. 80 82.85

2.4 EHBANEBENEEFENR_BESEN
A1)

2.4.1 PR AL T ] R P R AT W AL i
(SOD) ¥ 4 11 5% i WE 4 Fror % 150 d B4k,

75 Y b B A 1) iz 451K P 1 SOD JE M TR, 0 d
iF,100 mg kg ™' 25 Mk 451 (4 SOD 7 1 & 3% = T % 8,
EXFRE Y 1,79 %530 d BF, 10,100 mg kg ™' ZH 1Y
SOD 7 PE ¥ 2 & F XF B, 43 o8 1041 £5F0 1. 46
;60 d B}, £ A B Y SOD i # 5 %) BAH L 7
W2 R 150 d BF, 10,50 F1 100 mg kg ™' 4H 1Y
SOD ¥ P ¥ 12 25 w30 i, 43 1 Sy X B 39. 9% |
44.6% F142. 7%

75 O0mgke! @10 mg kg™ M 50 mg kg™ M 100 mg kg™
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Fig. 4 Effects of pyrene aging on SOD activity in earthworms
TE 8] — B A I 18 g5 AN [ 57 R AR 3R AN Tl b 2 ] f) 22 S5 3k ) o 2%
JKF-(p <0.05) . F[d] Note: The different letters represent signifi-
cant differences between treatments at a same aging time at 0. 05

level. The same below

2.4.2 PR AR B WA i S AL S (CAT) 3%
1 19 52 e mE s pros: SR L, 5XT AL, &
Ak 1Y EE X i W5 R PN CAT G PR R BN B S 1E
0 d if,10.50 F1 100 mg kg ™" 4H Y Mg 45 44 Py CAT 3%
PR S, ool 2 X R 139 51,48 f%
1.70 4% 30 d B ,100 mg kg ™' 209 CAT 3 M4k I &
P, Xt Ry 1. 29 %5560 d 1,50 100 mg kg ™' 41

(9 CAT W& VEATS B 35 05 5, 20 0l S % B AY 1. 33 %
1139 A% A2 150 d I, A /9 CAT i 132 i 7+
DIVRAE , 5% BRAR LY T 35 25 %

100 r JOmgkg” 110 mg kg™ M 50 mgkg™ I 100 mg kg™!
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Fig. 5 Effects of pyrene aging on CAT activity in earthworms

2.4.3 LR AL N MR N Y R (MDA) &
14 5 M a6 i« B E AL E] Y E

15 G b B A (1 b 5] AR 9 MDA % T X R
KM R EER, SXEMEL,0 d M 30 dHf,
10,50 F1 100 mg kg ™" £ i o 45 1A )y MDA £ & 22
SN0 60 d B MDA & & ¥4I T X &, 43 5
Sy X BE () 80. 7% .87.6% F1 93.8% ;150 d B}, B A
50 F1 100 mg kg ™" 25 (4 Wz 5] K 9 MDA & 1% i %
M 225 43 I o X IR 83. 2% F 77.5%

75 -0 mg kg 010 mg kg '@ 50 mg kg 'I@ 100 mg kg™

TOD
° a
Eh: .
£ < aTa a2 abab o
A b 22y
3= b
<
[a)
=

1 1 1
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ZALW}IE Aging time(d)

B BRI AL X ML A MDA 3% 4 £ 5% i

Fig. 6 Effects of pyrene aging on MDA content in earthworms
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BFF , 3ok 008 T 2 2 099 2 099 A A0 3 R e, L B 5
AL ] GRS | 22 005 R W 0 1k S 5 0T Bl 2%
A IR T B 385 25 X B Y W B R B AR T AR R
25, F I3 AT R B L B R AR R 28 L
T R 0 A A F 2 s e W, B
) 4E K , 7T $# IS 19 DDTs (o, p-DDT p,p=DDT 0, p*
DDE .p,p=DDE .p, p=DDD) FI 3 75 + 5 1 1 3% 1 ik
HE T RS, X — iR e 51,

BEAE - M v 0 S A0 A SR T ) A A K
IR, W% 05 e 4 (1) B AL G B 1 9 AT, i
WA N R T N B R SR TR A T R . Jager
AU B s F I, IE L S RO (a) BE R AL
7 d, T AR FG T 08 A T o 7 T B
J5 L HAR A A WA A0 W 00 45 4 AT R B AR
2 5B B A A P — A TR AL
exander™"”" FIFFE AL % B, £ BR 55 s 7 3 Ak v 35 17k
- H 5 A L U i, A o AR 5 o
F9 T 51 42K P 2 B2 L M 3 P EE B e I E T, i
WIE R R TR . X AR T
3 3 22 1 1 B W AN B 1 S e ok A
e 3RS O WG R W, B U] 2 R R EE 1
e B0 W i T T A | SR A % i 5 3
] G e B2 o B2 A OG22 T 22 B 5 e 1) B K FR o T
CAE BT 051 2 B B0 R AR, B B N B VR AR
PR T 07 50 g T 4 MR A L ML A R
T - HEWE R 22 BRI e ) Y b A R
LRI, ek W 38 A A TR R, IR M
I AT R R P B 2 Y T 4
CUN RV ) Bl 0 A0 951 JE 5% PR Y0 490 IR P R A1,
T B K P 1 2 035 e A M 0650 i 3 1 1 2R o
S E N R TR B, T2
5 9 S A T S ) ) i T 0T G R i, S Al I ]
S, W SRR £ 3 A I ) R R i A B B R
AR, 3 Ak 1 B 1 B 3K S i 3
A R 22 R K LI S o S A B EE B I LR o
SHbA, 3 AT 5 BT Bl -3 B B0 RO 25
4N

B 22 W], B W3 T 0 ) 4K 4 9 SOD | CAT
JEPEAT MDA & 4448k . SOD 7EZALRETHI (0 d &
60 d) @& T B, 16 2 AL S5 1 (150 &) Ik T xF B, X
S P SOD 1] A5 2803 Ik A W 1 P ek 1 4 T 3
2 3 200 M R ST A 0 L I I R i 51 5 1 i s
5 F — ol L P8P A B, e 2 HG 52 0 M 3 e g — A
FART LR . AT BB d R W, A R

e W54 9 SOD 3% 4 , b Bl v 1) 2 AT S B e TS R
JE A i R AR 2 CAT 3% P 19 28 b d5c 90 32 1 1
HEE R B R R, S BEAE L Y e R A S, (HE
HEMEAL, 2 150 d i CAT (3% ¥ 5 X7 BEA H 2
T 25, R W CAT WIS A WK E . X —72 1k
MR S Z 35 R e s MR IR A X,
Sy, CAT (% T e 72 A7 &0H bR AE W AR it &2 109 H,0,,
R ML Y 1,0, 0TI A 2 Ok, AT
FE L2 ff i 151 7= 2R 5 2 /9 H, 0,5 % 150 d B, CAT #&
FRE , AT REAE T 26 1Y 5 MR AT 2 B0k iR N 1) H,
O, i F 3 /b, 3 AT i T A3 50 AR 58 1 POD Al By
M2 5 T4 R 1,0, MDA & & /)72
A BEAZ A 1 rh BE VR Y 52 ), 0 A7 B A R Y 5
M, I 30 d B & F X IR, 60 d (150 d B LR
T XTI, X AE T, MDA Be4s 7 Wi 51 4K P 149 i Joi ik
AL S B R A, TR BT A A R AR A
iyt E A5 ok 10, 30 d B TR B, AT AR AE
T, 40k SOD AT, M w5k AR A I R A A
FE XA R S R A S A Ak, fff MDA i -
Th5 2 60 d. 150 d ], B 5 e 5] 44 P4 1) 3 o 4 ) Pl R
B SOD [TEFR , MDA & &3 i itk T F%

4 4 ik

A IS B, v AE 3 i S A R B ) R
SRR T S 26 T U A R AE ke ] Y A R R
gt LR W S AL [R) K 1 X ke ) A B P ARG ke
W 2 It F A A B E E R, Sl
ERMENWESY S TRE, HEEENEL, B
T RN 3 B2 B 18 Tk B 34 3¢ B M B BRI A R B, R
B A A R AR, BEE 21k, X
SOD Fl CAT i ¥ i) {4 FH 2 W 9l 55 , U B ke 5]
N R 3 P AR HL O, & s BEAIK, fH & 150 d B, MDA
B AR X BR UE B iz ] A P 22 4y 03 AR B R
W RR . AT, AR S Ak BE A 6 A b 95 A P Y 1Y
TR, B — 0 E S, BUE S KRR R
e

2 & W
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BIOAVAILABILITY AND EFFECT OF PYRENE ON ANTIOXIDASES IN EARTHWORMS

MalLili Li weiming Hu feng Li Huixin’
( College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, China)

Abstract Aging behavior in soil, bioaccumulation and effect on antioxidases in earthworms of pyrene were investiga-
ted in the lab. Results indicate that its aging rate was rather high at the initial stage, and then slowed down with the time
passing by. Its effect inhibiting earthworms growth was rather significant in the first 60 d, but turned to be insignificant on
the 150th day in all the pyrene treatments (p <0.05). The higher the pyrene concentration in the soil, the higher its con-
centration in the earthworm. However, pyrene concentration was higher in earthworms’ intestines than in the epidermis
throughout the entire experiment, suggesting that earthworms accumulate pyrene mainly by ingesting it with soil particles
rather than by pyrene penetrating through their epidermis. The concentration of pyrene in earthworms’ epidermis and intes-
tines decreased as the incubation went on, showing a significant difference between the determinations on the 60th day and
the 150th day (p <0.05). The effect of pyrene promoting SOD activity in earthworm gradually weakened with pyrene ag-
ing on, and turned to be inhibiting SOD activity on the 150th day (p <0.05). Compared with CK, Treatment Pyrene
(100 mg kg ') was significantly higher in CAT activity in earthworm in the first 60 days (p <0.05) , and was found al-
most the same on the 150th day, while MDA content decreased with pyrene aging on and was found to be much lower on
the 150th day in both Treatments Pyrene (50 and 100 mg kg™') (p <0.05).
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