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Abstract; The tolerant mechanism of earthworm to copper was studied in a mixed medium of soil and organic material with
a volume ratio of 1:1. The medium was contaiminated with CuSO,7H,0 and five levels of Cu** (0, 20, 60, 100,200) mg

-kg ™' were designed. Each treatment was replicated three times and 10 earthworms ( Eisenia fetida) were added for each
replicate. The effect of Cu on the weight of earthworm and its copper accumulation characteristicss in epidermis and the gut
was studied. Result showed that; the weight of earthworm had a parabola changing tendency with the increase of soil copper
concentration. The growth of earthworm was enhanced by copper at low copper concentration and was restrained when Cu’*
concentration >60mg/kg. If Cu’* >100 mg/kg, with the lengthening of the exposure period and the increasing of copper
concentration, the restraining effect was more significant or even causing decline in body weight. Both of Cu content and Cu
total accumulation in epidermis and gut were increased with the increasing of copper concentration and culturing time. The
accumulating rate in gut was higher than that in epidermis. The increase of Cu concentration in medium could stimulate the
transportation Cu from gut to epidermis sebum system. The ratio of Cu concentration in epidermis to that in gut was declined
with the increase in copper dosage, but was risen by time. Earthworm had strong copper accumulation ability. The gut was
2. 65 times the content of the environment when exposed in a medium with copper concentration of 200 mg/kg for 21 days,
and the total accumulation reached to 0. 674 mg per 10bar. The result should has an important significance in the research

of the tolerant mechanism and the remediation ability of earthworm for polluted soil.
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BELSBENE YA SMRENE N L, SIRRIEY B E N TR, IS WA E AL #
B, SBORRAUK AR 2T, FIFLEEE E LR Y H R YR AR SR BT S o S| AT LA 5
M S S R S A EE RS DRPESRAEYARE" Y . Ma. Y 28RBS % Pb.Zn E#"
TIHEA RS Pb Zn SBIHIIRE T 48. 2% F124. 8% ), 7E Pb/Zn BHFAEARAS TRME Y i R 5| AME
W, R RARE T 10% ~30% MBI 4R HLRIE R 16% ~53% . BZARR 5 Cd 153 +3% 15| dhin
| AN T RE R EA R A&, R AR T RFE RN Cd BRI

H AT, = B I 8% S 55 1l 0 o v R 5 b, R A K A P AL AR 5 R 24, FEE & R IR AR BE I s
e, EFIE, BB BT R B A 48] B3 R T SR 2 S A IR, 3R A S E 48 (DTPA-Cu)
S EVEBER FAAK, X, X0 b R 1) 7E AR TR FE M A K R B R, R B 45
XA T A TR B R AR RN AR 82. 5 ~ 1218. 4 mg/kg, BAP - FIE B + Ao A SIS FIBI 3 , VELL A
MK WK TEYRE TR, AP EBRE A B HHX A T 3% b, LR 7 B R A R
BER TS Gt M | (A EE A 4 R PR i B A i s P T N 2R B B SR ARRAIE , IR AT 5 i 5| X B 4 J U
39 B3 LR R AR R L AR AR ) SR MK HE
1 #EfnA =%

1.1 %Ak
1.1.1 AT 3%

R+ O R BRI+, B AR R B IR AR K SRR X e 2, RAFIREE O 3 10em, -8
MURERE 12.1 g/kg, 2R EE 7.1 g/kg, 2B E 8 1.3 g/kg, pH6. 8, ThAR A 68. 98mg/kg, A B 25. 22
mg/kg, HAHH 81. 73mg/kg, T B, i 2mm G, INEHLYPEIE B LU AR Ak K24 M 05| SR 5 S Hh , By 3 3%
BAFR AW R BB Bk R e 2 m B K E MR E S 1.05kg/cm’ IR 120°C, K 5 min, HHLY
B AT FRTROGF R 1, RT 5 & AU LR T80 = 1:1 LU BRI .

x1 FNYREFRES
Table 1 The physical and chemical properties of organic material

ALY HAKRE(%) A (mg/g) 28 (g/ke) 2R (g/kg)
Organic material Water content Organic C Total K Total N
2% Manure 22.0 180.3 6.98 10.2
FEFF Straw 3.60 443.8 14.5 8.98

1.1.2 ftur sl

Y 85| ( Eisenia fetida) BEFH 7R Z MR, OECD HERARXIRIGIF , o LLIZRA MY RS M 51 SR S B b (RS0
AR 20t AR T B BILL IR, MG R S B8 (0. 35 £0.05) g0 IBRRTH HIKERA — 2
WHRAR AL R R BEAT DAL B, 1 — R R AR, JE B TER A 20°C it I 24h,
1.2 R

BEHX 30cm x 30em x 20em SR ZMEAHRL S RL 245 , SR B A HEK AL, AR & 4 K T 1358 2kg,
A CuSO, « TH,0,18%], Bt 5 MAEH, Cu® " ¥R BE 4351 0,20,60,100,200 mg/kg, f5~4b 3 3 IREH, LA O
mg/ kg AL HE AT R CK,

A RBLA P BAREE AT 15 2ke, 4285] 10 250 205 F5 14 K, 568 21 KRAENRE
1.3 WET
1.3.1 AKX

HERER(%) = [ (FIFRUSI R E - SEIRRTILS| A AE) / SEFRATILE AL ] x 100
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1.3.2 S5l A 4R il e

M 25 B HE M|, 7E A P A T S AL B, RS ik R 240, KR, W AR, IR RS, 4
T B B piB Y, FZRIE/KIERYE Imin J57E 70°C N 12h, FRERRE . (BNEE P S 4, 0L
#1115 %%)

FEMIEAL AL 5 ml fEFR-= EERIE AW (4:1) W RE N Sml MRGTER , AR, FE-TE B A 1T i g -
I RIRIR A ) 5] 58 4o, INAAE = A K, INZE I 7K 20 ml, ARk LR ER AR AR , B A K 50 ml,

A P00 R R DB R ML 40 B T

1.4 Himabs
I KR4 EXCEL B3 , [6]J9707 FIAR 5 70475k i SPSS13. 0
2 ZR55H

2.1 R [RVGRE Jevk BE X ML 351 (R T F) R

BAGREFREED , A P R 51E 3 5, TR AL, R 6| FE AR I 4 R, M) 4
RS . TREIRE 14 K5 21 REWEIE THIRBI A E IR TARR(E 1) . BHFrRFnmsiE
AR IR B T R A KR . W] LAE TS Y i 3% TR E 515 R E R R R BRI E R R K
YR BESATS Y Ab 3R (0 ~ 60 mg/kg) YL P, 14d 5 21d Fiy 5] 14 T A0 B 2 - S04 Yk B8 (O 3 7 84 i, 76 Cu®*
60meg/ kg b2 H B RE, = T vk BE i A B M 5 A 5 U 4 F e, 78 200mey/ kg Y& B2 B 22 S84, i 051 (A EE
RTF2 AT 0 REOBUE . BLHIRIREE M4 % 5] 4 KA AR VR, Cu® " YR BE T T 60mg/ ke B JU) X6 . 05
HAERAMHER

3 Cu®* 0 ~ 100 mg/kg V5 N HEIG| A= K Ry 5

T BEH K BT Cu’* 60mg/kg 4b38, 5521 £ -
K55 14 T4 IR I BT SHIBIH Cu* Omg/kg S
RSO PKT AR L 5 B Gth 56. 18% F155.09% . 4£100 EE
e/ ks I, $4 AT T e, R O3 R4 40% DLk, % O 1o 2
21d 5 14d 200mg/kg ¥ & A B R ST WGl (A AR K Ry ¥ 00 0o 20 60 100 200 7701
E H{5 ¥k ¥ Cu concentration (mg/kg)

ETTH 0 ~ 100 me/kg Y5 F P, W 5] {40 25 4 L B R B TR K A

B R /NHERF & :21d > 14d > 0d, 5 F Cu’" 100mg/kg  Fig.1 Effect of different copper concentration on earthworm weight
REBEJG 21d 55 14d RN AT REAEIR] 3 ELIRIRARIR] I Ortem o T2 A 9, T AR 92
BB FME 76 Cu 200me/ke Yk BB B 28 H3fG > 0d  The line shown the weight of carthwomm and column shown its growth
SR, BAUITE Cu®t 100me/keg AbIF B 14d dEdE
WA AR RN, 14d JEWHE L T AR, REREFHEB TR, U ESEREAELAHREZET Cu®*
100mg/kg 5 200mg/ kg Z [AJAFZE— NI A , B ek MR B, 405 S ok 5 48 /=5 5 15 o 355 3% B (] B < 34 25 m a4
Xof Wi M| A A A0 IR BE
2.2 N[k 3T M S| 7 TE FRAA SR AR B B B e

B 2 s SRES 14 K521 REMERE S5hES Cu &R, SREW:F—MTREET, %
21 R I5IR B A & B R T56 14 Ry, Ui B Rl i (8] Y RE K ML A5| 2% K A0 1B 4 & B 7E AW . 78
¥ Gl 5 R () AH [R] B, W51 2% Bz B2 A7 38 v Cu 55 2 DU R B 430 1 4 e JBE F 44 o i 84 m , fz 38 A 344 fm s R K T
B, B P B R VR B AL B R TRV BE AL B, Cu®* 200 mg/kg AbFE T 1557 21d 15 14d {4 45] 3 fz i 3 F)
TR ESE R, 2 H AR )R A A B WA AL, I E AR A R R . M| E AR A B T
HMEREREE S B, IR B S Bl e (R HERS T o

2 2 X S| A PY A A B S AR RO VA AT . G5 SR R, ZE AR SCRFSE 9 -+ 39 4R 5 Y vk BV LI, 1
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Fig.2 The accumulation of Cu of different treatments in earthworm epidermis and intestine
BB B2 P B S B S TS R A R R AT LU — I BIE RN, 3 Z AW BE R IEMA SRR
R MR R BHRTE 0.97 LA L kB BEKF(p <0.01)

®2 MWEBIENESES AT LEERENEESH (n=15)

Table 2 Regressing analysis of the copper concentration between artificial soil and earthworm tissue

— b HIXRB BT
Regressing equation Correlation coefficient Significant level

ZF¢ 14d epidermis 14d Y= 20.13 +0.5281X 0.9971 0. 0002

Z R 21d epidermis 21d Y = 24.47 +0. 8524X 0.992 0. 0009

173 14d gut 14d Y =58.08 +0. 8269X 0.9768 0.0042

Jit 21d gut 21d Y= 60.39 +2.323X 0.9986 0. 0001

2.3 eSS i TE RMAR B A T S E R R

DA T8 Hh SRV BE 5 3R B I FUIEE S 0 BR84SR 15 B4R 7E M 514 Hh i & SR RHE R 3 BOR L (R 3) o 2
e 5078 TR 3 7 i 51 7 3w ] 0y 48 o 28 e R R B 4 N R, 2 3R T 3R MG e K T T 8 o
R, GREW HECEBBEE B R E RN 2 TR BRE R EREBEE TS . @R
TR 30T, T LATE S 1 28 A ] Ay 3R AR B K T 3R B, HE BT LB 4 B - A B s ) R B R AR R RE
T8 ;S BotE SR A 3 b AR R BE A3 N 2 T R S U B M 5] B B R R R — B R AL, K 4 R s B
KR R BEENYE, B ES B HULRENMERENTE.

53 LA B AS| 4 P4 7 1 55 3R B vk B 5 SRV BE 1 EUAELVE R B 4R AR B SR FI b 451 % 75 e LB B
RS . BERBOKT 1 VRSN HIBH A E 4L, /DT 1 WHEEH R 2 — AL, 48 F L4 M1ER.
MFE 3 AU SEB53E5R 14d 5 21d FRENEEREER T 1, RENWAR 555 14 REF &
fERHEE Cu®* 20 mg/kg AbHRAYR T 1;21d NI RF b BE KT 1, A Cu® 200 mg/kg AbFRI/NF 1, [Fl—
SYIREET , iE 53R K S 5 REPERREE 15 77 0 H] R T K ; [/ — 35 Rt B R B 5 RE M E LR
HRBHE 15 YL vk BE OB I T R R . RSN, 7€ Cu® 200 mg/kg AbFEHEE 21d J5 , 5l B 8 1) & 48 REBUAA L
B, Ho T8 P AR YR B 2 - IR B AR YR BE 1) 2. 65 £ o
2.3 WS EELE

Wi W51 7 1 5 3R K B 5 B A B B SR RR g 45 40 P e MR AL R, S A5 51 P R R SR B, R i 1 AR
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B M E B, AR TS A LR P SR BB B 3 AR TS G B M 5|5 % B Bt 5 4
o IWHHT LI, 755K 515 3L 18] #9K AE#R B B R R M 61 32 78 . 7ER— S BRI T , By
21d 75 Je A0 B A ML 51 SR IR S B R T 14d AR BRIN o FEAR R (5975 B 3 R B0 T2 15 H e B 8 g i 451 4 6
MO R R . 7E5F 21 K Cu®* 20mg/kg AOFHAY & 48 B BK BB R 6 0. 674 2508 10 4%, HZ 14dCu””
200mg/ kg b FHAT &AL B METF Cu®* 100mg/ kg b3 ¥ , L5 R4 85| (R EE T R RAR , T 38 b ) Cu® " YR BE
T R B INE

F3 FELEIEEEREIEEHSERRBZIN
Table 3 Distribution index and magnification index of different copper treatments

B Item ‘E;{g;{:%g\% ¥ Cu®* ¥k concentration ( mg/kg)
Exposure time (d) 0 20 60 100 200
4+ B4 %k Distribution index 14 2.00 2.33 2.33 2.26 1.66
21 2.81 2.88 2.84 2.70 2.67
BEREK # ¢ Epidermis 14 - 1.66 0.78 0.72 0.64
Magnificationindex 21 - 2.09 1.11 1.04 0.99
38 Gut 14 - 3.86 1.81 1.63 1.06
21 - 6.03 3.14 2.87 2.65

TR = B e B/ R R B B RS = MRk B/ L b Yk BE Distribution index = Cu®* concentration in gut/ Cu®*

concentration in epidermis; Magnification index = Cu®* concentration in earthworm tissue/ Cu?* concentration in soils

Ll

100 200
H75 3443 B Cu concentration (mg/kg)

3 itig

BN B %538 3 35 B 85| ( Pheretima sp. ) X BRFE B
KM A5 R ITZESME AN O ~ 400 mg/kg ) CuSO,
TEOLT , 8] A K R g K o R xR T % B
W\ PEFENR R FE A SR E P E PR R, &
iy 2524 me/kg HTE B i, Mis| A K R E R
FHEURE Bf ] , X R B HS R 354K, BB A [ HE RS R B
B RRBAHOBAEIE S LSRR ey 0 BOMCTIMKRRRRLGES

Fig. 3 Effects of copper level on the total accumulation in earthworm

SR T R I RS R L, F TR
PRSI BB/ LR+ 5 WE LY, AR B8] TP AR
&M, A BYEAE . BUA MBI E sl e T3 b BB 25 g W AR IR A FEFUR T R
FEsh i IR R IR Z 55 R RE R, AR RO R, A i 35 rh R I ) A LR SR 45 i )
FREIR, FrUAZESNEA 100mg/kg ff) CuSO, &L T AR HF HL A R M A K 2, ZE A CuS0,200mg/ kg Bif
A BB K . BERATE R A HLE 3% AT LASR 5 M 05 45 e BT A S A . EEE, AEEY S
Wolters V"' SRS i (IRAE 7 - 8t AL A XM 81 B0 (03 00, B A MU BA SR T, R UG AL AE & 0
LA MR ECER T A U . S, S S EE ARSI, Cu®' 0 ~ 400 mg/kg MEVS PN
AFEFT BEIRE T BRI G A R, B T Xl (i S A BRI 25 50 SR T A SO LA

Langston and Spence'"* fBF5% & Bl A M IS B 48 & B A 1 PR W B A& P IR BT 3543« Fleming and
Richards' " | %451 EDTA 8 E/E B B ( Tubifex tubifex) H11f) Zn ¥, 90% , Fleming and Richards ™ 5%
T Pb Fl Fe ZEMLU| ( Eisenia fetida ) 7R3 i W B , 2R BA R FIEE & I R4 S5 ,80% Wl & 25k B WM A STk, - 4
0 451528 5 41 26 R R B T T RS B Pb A Feo LA_E WA A48 3 Martina G. vijver 25 AP IR B, 15
HREBRRR HA Th FE R EE RSN, 257515 54 B ] F) 2R B8 S 06, A BB IE MR AT 35 S0 K i Rl
Martina G. vijver " B T 8 48| ( Lumbricus rubellus ) FZE 25 B b1 ( Porcellio scaber) Y R BAEHEIRE T/
A FRIC ' Cd A% Zn A HLYIR 144, 83 BT E SR LA H ShiT LR BB AR K o ik i Fn ik

o
o0

=1
(=)}

o
()

R
Total accumulation (mg/10bar)
f=3
S
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AL IR I T AR , DT SE R DR R E B R AR 1A 2 10 EE 4R 5 WO 7E Pk N B A L TG 06 IR B T
PAZWE . Prinsloo™ 351 Cd 7EMEMS/ AR MK BEAR T HAMH LU B8 E . ATFIE IS5 A M AR, 7475 e 5
FREOLT , S5 A T8 P AR I S SR R TR Bz F DL B 1B 4 B8 - 20 A B 5] 4K ) 32 B3 A2 2 3 1o B3
18, T HL 2R BME IS B 5 7 e — SR R HLEE B 3 AR B BB T &R 1l 3K BN I R Geas e , X
BB EEMYE, MO ES B ERENM R RAEMEE . W8E KB Cu & B NERHES S Yk E
FT8 T TR 38 1, e 25 ) ) A2 K 951 2 B2 60 7 38 PO 45 B L ZE AR BT

S. Monni'™™ F 2000 4E$2 H I E LB RICEBIEN HIREE YN ES R IR LR, A ENHE
WBRELERIFIE ISR, EEAYNELSETS LERSBERER XN, 85 LA 5 Pb K
BE R A B SRR K o ASTFTER ) D IE) 40 Rk B S L BT R AR B T IO , A0 38 T 8| A L3
AR S, 7T LAE B 4R I8 SRR S8R RMER 50, S AR X HIEEFRRIA K
4 Zig
4.1 HISYIESR T IRBIAE ST5 Qe E KX R IR L R, UK BE O HR XF 0 48] A KA (R BEFE A, Cu® "
BE T 60mg/ kg B I e e 5] () AR B I HIVEF o 0 ~ 60 mg/kg 475 YL AbFHE Fl , 21d P A SIS (A S #F PR A +
SRR e B B8 BN T34 A0, 76 Cu®* 60mgy/ ke KBt B B8, 785 T Gk 38 /5 A T T 5 1 26 U 44 e o
4.2 {FgLERINA —E BRI E SR YA A T A KRR R . HIRAATE 0 ~ 100 me/kg Y FE P 4 15|
ARBHRETEA, BEE KR IAE Cu®' 60mg/kg 43, 78 100 mg/kg B, 3K 3645 7 F &, (H 2R
40% A Lo 21d 5 14d 200mg/kg ¥ BF A0 2 (0 o 5A B A= K R R i fl . AWM T Cu®' 100mg/kg 5
200mg/ kg 22 [ A AE— M S, At L e B, 35 e P 4R 180 55 e 3 3 i [ B K 249 ] 0 o 5] A= K. )
PHIRREE , K, s AT AR T B AL S 0d BUE .
4.3 ARSCWFFE ) 3RS Ye vk BEYE R PN , M 5] A7 AN 2R R Hh AR A B S RS Y R B R SR R AR AT LA —JT
AR RFR, “HZ AR BEREMXER, X REHLE0.97 Ui L, 5B B3E/KF(p<0.01), 4
BTk A MBI AR A B A R i B o W1 R Kl h Cu B DT B 4R 15 e U B 3 i 5 435
Y B 3 A B JE A TR A , 1B 2 38 B0 I e R K T2 2 o
4.4 SECHEBANGEYHEESRE O HE, 205 P& 0 FE W 2 Fets $CERbE S LI P R B 2 T
R e (A BEE B B KA iR o o S5 SRR ANIs| B 5 T RBAA — DL BAL ] , 78 1498 b 4 Wk B f 38 st XK 1)
RN RG izt in, g R B FENE, O EERENEMRENMERENEE.
4.5 SEEIXHE Y IR AR E LR LIS R BN M| A AR YR BE 5 3R R B ) LU EAE N B 4R
RESTHOFE R, 78 Cu®* 200 mg/kg AbFEIESE 21d J5 M8 I E £ RN 2. 65, 7B 55K M E 4 R B RE
R FR AT [R] MRE K T3 K, B 5 YR B i R, A B IE N EERBER TR
4.6 WS B R R i R B AR AR BE T B BT AR H IR P SR SR SRR 5T
et ] K A AR B A S AR A R . AT A 1F T M8 AR R i B R B RS e B TR 5T
YB35 ] A R A T HE A0, 7E56 21 K Cu®* 20meg/ kg AbFRES B 48 M BK B R = B 0. 674 2708 10 4%
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