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BE TR R RN R ERSHEmET

1 —nl > 1 1 1 Dz o . 2 2
I, mmal, &2, R i & xaR £ %, B, 9 47
(1 SRS RIS ERNN, B 210042 2 MAAEVER SEREER . WS 210095)

B OE. DKRIIRERAST R T3, 2500A 4 MR Zn (100, 200, 300, 400 mg/kg) LA
Za EH 1, BB T AL (Pheretima sp.)Ab B 5 R R0 B 0% BB AL 38, DA ST 8 5178 3% Zn 5 LR FE R
W L Zn MM, BHFABEREY, HRIEEREERE TIREWEN Zo B LD, X In WEEREON:
021 ~ 0.29, {RMEEIEKRFSRKEABET T, EVELRBEROTESA KA —EHIMHIEM. HBIEHEK
T+ pH, MREEE T 1 DTPA-Zn &8, H1I% Zn BANRES . ANSHKEELSAZRERT, 5
TESREYAENE, B4, EBIEFRINT KA+ HAEBA . BUK NOS-N &8, Tixd LG HH M NH-N
EBRLRETM,

XA 8 SR, ZnBd; DTPA-Zn; SRS

FESHS: S1542

B SSIA T R RN, 5 BRI RY
W, 3 N L X R AR AR AL
FTHER ., Wit RERHEYE, E4
BIs il ema R | M EE | SRS SH
HimEEmE, (ARMAYI R L 5 A G
FETESRERTE, BF 5y X, HEEEkA
EE-EBNESBDY, AR RERE M ZHE
FOE AT 80 5 o e e 951 R 58 7E V5 e IR R K
20 B KA RE TS L8, A UL
EHEH AREMES B AT, MLRE TI5 R TEN
S, SIS R R TR . AR EY,
BEAR i 1A T 2 B4 BB EE S, IRA S A
FAERE R ENBEE TERS .

R 7E R R 3, e R T EERIE &
¥ SR BB BTIESE), H B B 58K A 51 1
HESRERHEAEYBE L, SRR XY
WYMEE m Y+ A BURE X, AT R E A AL
YRR ESBERE, SRR, B &
ZEFAREBER T k!, HERE IREL R
W, Y Zn ISYRBEKT 400 g/kg B, SMBIXT
FIEAET L. AR E R B AER,
HTRE G ENRRYLE, SR LT
ARE . BRETREEEE Zn HHREG XL

EHIR O RS HIEREA M HIRES RSN
Ui, EFREL, AFGERE R LR, FE
BF5: T Tt P I E AR RIM A Zn V55T X L3R
pH. Z. B, #. NHi-N. NO;-N ZHhrignm,
FRHIE S A KR S RN B E LB S &
AP RpEN - RES B SR RET MR
BT, 187 T v e 8 0 75 B + 3 T VR R e
w4

1 HBB5F%

1.1 SR

itk + HE AR AL IR A=Y (0 ~ 20 cm),
T IERFAMER Y . pH 8.15, BANLER 5.18 gkg, &
A 0.70 ghkg, LB 0.66 ghkg, £ Zn 62.26 mg/kg, A
B Zn 4.6 mg/kg, BHRAE 1S A 3 F 45| (Pheretima sp.)
12 RBH*E

FREX 1 kg it 2 mm FEH S EXT L) FEEE
R, LA ZnSO, IE R AT &AL 0. 100, 200, 300.
400 mg/kg B Zn 5+, HITHUREMRE -
HRSREZRLIENTG AR, 55— HRRERT#
WHRBERER Yin ZREFHTE 52 R
B M RN RERE IR E R X L% ET
CEREPFRLEEF 2L NA FLEEERRE

DRAETE: ERARBEEETH (30370286)F1H S A 3 R BT T AR %5 % T E %8

* FIAME#E (fenghu@njau.edu.cn)
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BOMRETEG , B 4 KZEAHBAFTHN
W5(+E 4b38), 4(2.0 £ 0.1) g, FFLAR N5 A
BAb R A %f BE(NOE 4b#), FHE . SRR =E NS
F—1R, BHRABPRETEKSE 60% ~70%
ZE, AR E 3 NER  EHFENE ST
Hett T LRI, T4, SRERE, FR%E
Bt o us], IR BIREARIAL B -, HHE—
AT ACKFETREFRSRETE, 580
F. SR

1.3 SmBREAE

T8 pH: TZHAMABOKERE, WL 5:1,
Beckman pH THlE ; HAE: KClIRE, WFERE
HINAE ; B Olsen H:(NaHCO; B0)2HX, 4HET
Pofa il e ; A . NH,0AC 2B, XHE%EH
BWE ; NH3-N. NO3-N: 2 mol/L K,SO, 8, Fish
SRS R AAYIIE .

IREIA Zo S EHWE . BiR—1HE, THRE
BUhisnss], JFREEFRES, ®Tks, HRE,
M+ 2405, dE . RTEBZEHER, 100C ~110C
#F, HNO;-HCIO, {BHME, BT RIS ENE
HEs,

TEMEEDEL R LEH HNO;-HCIO, BT
Mk, AU ESBH DTPA BRERE, 2URE
TR BRI E

TEEGRBIES. BREHRE, RHBCRES
RELS PR B LA L PSR Zn B3, HEK
HENT : O ZhSRRBEEAS . FBRAT+
AR 0.8 g BT 100 ml HEE.LES, WA 32 ml
0.11 mol L BEERR, EIE FQSOWRY 16 h, R IEH
iR TEIFIRES, 85 5.0 20 min(10 000 r/min),
8 EERBA 100 ml B IR ; B HIA 16 ml
ZWEBFK, PR 15 min, E.L> 20 min (10 000 r/min),
L EEBRBA L RB S, #ETKEECH
LA M. @QFe-Mn EUYEES: [F 1 SHRE
A 32 ml 4REHIED 0.1 mol/L HIELFRZRE(HNO,
Bk, pH R 2), AFRGRAESRESTOR, B

B 1ETERY. Bo. BHE. k. OFNY LR
LD ME 2 SHRETZEMA 8 ml BEA
JK(HNO, B4, 8.8 mol/L, pH ¥ 2), RiETHER
OV (Bl LA SR R R T ), IR TFBCE 1 h(A]
B 15 min AFRS); €X5T, BERNAHRFE5T)
B 1 h, REREZETHE; FINA 8 ml XEK
(HNO; B4k, 8.8 moV/L, pH N 2), EE FiRk#fE;
SRIGIIA 40 ml BEBRE(HNO, BR{k, 1 mol/L, pH X
2), E | EHERG . B0, B, Uk, B0t
BRI AR, FrFAZRIA 2 mol/L AYRS
FRAERB S R I B E 15 min, HF ZIREB FK
BEE 3R, ARTEENENE T, BB EIER
BEBRARFREGAHEERNE

¥4 FH SPSS B4 3474530, B Duncan B
AL EERER, BEMEE CH P<0.05,

2 ZR5e

2.1 TENEEE Zn MR 4 KA RM

TEBA BRI, 23T BRI E,
TR B BB A I A & A R
By, BB, NEEHRAKE 854 28 H
ROIREGIZE S A, BLEH BT 3R B8l (Pheretima sp.)%f &
S In A—E M2, HEELRE SRR G
BIAERKME T —EWMEER, BREERE, gkt
T F) o 45 ¢ TR B EPEAR(P<0.01), HBAEK, B
5 A KRB TS e iRk BRI R TRIREAK, #E Znd00 Ab3B
THAKERME, BB T7-1435%, RBFNLH, B
FESRBRIGRM TES, 5806 E B E STk
1o JRIAFTRE AR . (OIRB0 5% 57 ac 5] F) 25 13 2 A () S B
WX BERZRE/DN, WS89 328 — & i
i, TR T A 51 0 056 o 5 O i8] 2 LUK RS AR Y
AP RE, EHELREATERERBHAN
Yy, MAREEERNINEE Y, ALK tEA Y
FREBEMK. FH4, BREAnE Mg, A%
P A, TR UG R A B b8 B M4, +
BN TS E

R1 TIRESRE Zn EBIE KM

Table 1  Effect of Zn on earthworm growth

mH

Zn A3 (mg/kg)

0 100 200 300 400
BEFRATI T (/) 7.99a $.01a 8.00 a 8.00a 8.01 a
BIFRBEE @Y 7.21) 7.15b 6.98b 6.91b 6.89b
S A R R (%) -9.78 ~10.74 -12.75 -13.50 -14.35

#: RPFAFIARNEFBREEBIEFIGHEER BEP<0.05), TH.
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22 eEEIEZHN TEESE. B, FQRHME

RPN B ASRONEERERE D).
Zn SHRIREEXT TR, B WA BRAREY
M, WEEIES B ERE T S EEN AN E,
B R 20.70% ~ 32.78%., ML HI%T B A M Tk E A
FEAR Zn W BE(Zn<<200 mg/kg)Bt E B3E, BE+IEI5H
WRIEESEIN, BEWE IR 2, SN H R A S B
H R, R AT B S A S AR I E R B S A A RA
HIEAR R A B A SR T A i
BREF ST S EEMRE Wi
BT U Y3 A R A A,

AT B EHE T HERsESE® ), B
RTE Zn300 F1 Znd00 AEHEHA KRB B E K, "ThE
R Zn WEEE BT, MR Z2 TR, BE
WHFTIA g, SR A5I X B 3R B B2 v o B o Ak 4 LA
B SEBERR AR B A T A R LIRS T B
SR ZBEEIE AT T L EREE
=, BEEERSE, WHEEY KL EBENTEUR
BN NE 28T LAE B, AT a3
BEMAK, HEENSEEBREAEENBE,
%A X H BEKE,

i 601 (@ ONoE a+E
& 50t
Ez;é o~
c |
= %ﬁ 301
& = 20t
+H 10F
O 2 2
Zn0 Znl100 Zn200 Zn300 Zn400
307 oNoE a+E
o ast
£ 5 20}
o
gé’ 15
® 10}
H 5F
O " A 1 —_
Zn100 Zn200 Zn300 Zn400
70 oNoE a+E
[ ©
W  60r
gr; 50t
. o
% i 40
¥ g 30f
%j 20}
10F
0 L 4
Zn100 Zn200 Zn300 Zn400
Zn 4b3E
B 1 8EEIEE LIRPERE (). BD). FOIBHTM
Fig. 1 Effects of earthworms on concentrations of available N, P

and K in soils

2.3 SEWIFESN LIEMSE &S AN EIN

Bl 3 &R9, Zn 55+ 3/ NH/ N, NO;-N & &
BAGEM R G ERE, s ikEsmn,
1 3%H) NH/-N S BREARFREE, NO;-N ZENE
B, ff Zna00 LHEFXBB A, 13 NO;-N
SRILEHE T NH-N 58, F155 NH,-N /3.8 ~
28.02 1%, R HHEH A (NH;-N+ NO;-N)¥ F B4 iR,
oy, BERMEEE, +3 NO-N 8E#5, NH-N

WMEAE Zno HEBEEM, TUBEHELEELE

RIBBIIA, ARG ES BTN, B
THET RASENR S, Yang EPP0 k01— 8
EHNELSRISRO{E# 15 NO;-N, NH{-N &8
m, FANEHBEEREES B LRMAET HEPE
b LA IS KB R A S 98%F T+ 55 R A
RECATZH5R, LML R RER %
BT AR | B iy, FEsiiEshxt A PLAR
WAL, WATREREEIVER T AR 2 %™,

) B A B 5T % B e — 8 L NHG-N 777 BRI R
T, NO;-N Htp A {UE B R ALK, WE
RERRE AP, XRS5 NO;-N B8
XTI A K A BB,

p vZza+E " NoE a
a

a
2 1 a a a
8
4
0 n 1 1

a

a

o0 300
EZOO b
Z 100 b b b
g, .. | .

100 Zn200 Zn300 Zn400
Zn 4b3E
B2 4E%I3F 1% NH;-N 1 NO;-N S EMZ I
Fig. 2 Effects of earthworms on NH;-N and NO3-N contents in
soils

2.4 834118 pH BRI

T8 pH 20 X E 4 B r R B
Mif5 R, M IHESREEEN— 1 LRET, EHik
I E T 8k 81E 3h % 138 pH B, FE 2 WL
Fili, wrws)iEs) B ERAR T LEK pH, BIES A
0.07 ~ 0.16 T4, TIBIMASME Zn 54H5, BE
Zn 15 ReiRpERE K, 4% pH ERE#EE, Znd00 Ab3E
] Zn0 RFEREART 0.11 ANEAL, FRKHS KA
EREFREMEA X, TP —SEgREYE
FHEAREFITSRNAENESRBE TR, B
BN EBEF AL, AT 5 pH IR,

\\\\ o

A\ 'eaEN\\

@W”
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*2 4EWI¥ Zn 5HLIR pH EMW

Table 2 Effect of earthworms on soil pH

4b3 Zn 4t (mg/kg)
0 200 300 400
JIn4E 8| (+E) 8.14b 8.10b 7.99b 8.01b 797b
AN BI(NoE) 823a 8.17a 8.15a 8.14a 8.12a

2.5 BEHIiEZHYS L1 DTPA-Zn SRR

DTPA A ESBEMYARSELR, 51
MR E SR IKEEBREFHMEANE, H# P DTPA £
A Zn SEMIEEEE 3)EHA: K Zn0 43
Ah, WEIESIBERS T L¥ES DTPA-Zn HEE,
X 5 Cheng I Wong?% % BlLuf 45|38 13 15 + 54 Y10
U E AR N4 9 DPTA-Zn HIZ5 RAHY &

80

70 O+E ONoE
bh
5 60t
E 50t
g, 40t
< L
E ool
N
10
0 Zn100 Zn200 Zn300 Zn400
Zn A0

3 WE%% IR DPTA-Zn S 2K W
Fig.3 Effects of earthworms on soil DTPA extractable Zn
2.6 HEBIFEZHN L Zn KSR
DTPA W4 & R IRIR, TR REUH ZBFTE

BHESRE, FERBBIMAKESEE LRESRES
R ELAAL . BEILABTA BCR BB oS, W
BT 1 Zn 95 MES . BCR ZHRREHS TH#
o 85| R A B AR B I TS R 8 Zn B
AR 3), Bl HFICHAESRRREL AT E@RD),
RAEYRRSREHIES; B2 hEEALS, HY
BHRRANES; B3 AAIYERAYEES, 2
HEYBREFRMES; RENEYILEAEMNAHLE
BA—RBES. AR3ITLUFL, Zn £ LEF
EAESABEFER: NS TRE<KEEL
AL, FTERSHRAES. TEREECHIA
F L Zn TELRES KEAMSABRRES
IE, BB EANYE Zn R FRA T AT BRI G
¥, BEHYMA. T FECREEEDT EAE
TR AR, BRIEPESRNOOABFMER: W
THEEFRES<ANB<BREEMS AT, ]
RAR L JER, RETGHRKE, Zn i{iﬁﬂPB‘Jﬁ*
AL SR R o

F3 MEBIENM IR Zn KEORE

Table 3 Effects of earthworm on soil Zn fraction distribution

Zn 4bH (mg/kg) Bl(mg/kg) B2(mg/kg) B3(mg/kg) R(mg/kg)
+E NoE +E NoE +E NoE +E NoE
0 1458+ 0.82 11.5+083 10.02+1.17 766096 238+099 3.03+077 33.02+298 37.81+2.56
100 3939+£0.18 31.03+0.18 51.54+2.29 4363122 2394027 241+009 66.69+574 82931249
200 404+051 3618+1.62 59.58+2.89 51.98+187 2.79+0.05 3.89+028 157.63+£345 167.95+3.77
300 47.12+345 4034+08 70961256 68.07+143 265+048 325+047 24216649 24550+2.70
400 59.11+233 5235+1.59 79.52+2.50 79.04+2.83 291+026 299036 31846+509 32562+4.78

WE: #P Bl. B2, B3, RAFXRTELBMXHRSE. BEEAS. AUISHRES; +E TS, NoE F/RBA B s,

£ 38R, B Zn HEINZ0400), BERpiRE|
BEEET Zn KRS ELEP<0.05),
T BHEE T 11.66% ~26.78% ., 4.24% ~ 30.81%,
H i8It Zn 48 25 BB A P RE 43 7S L vk B T
Rk, FBTEBE SRR T L RANES Zn S8
FRES Zn S &, BEFVISKREEEERAE XS
B 25K ¥, Cheng Fl Wong IR 77 22 BH sk 951 X4k
HEAS Zn HIEER, WMAENE Zn REAE
R, ABFFRIGEREA K, AR, B

FEIZR +3E Zn AR EARR B, Bk
SIS EA G ELSE IS Y 5 TR
FIEASHASMAIER . Wen ZBOA Sy 5] 43X fhid 4k
BEBNER— FEEm TS mT L EEE
BHBRS R, 55— 1 A AL s 5] 8 5 5 ) + dfe ke
HAEYNBENRETELRBES.
2.7 oAk NEEN IR Zn NESE

* 4 Ripmik R oRR A REN T ERE
B2t Zn FRMEERBOBAESE S B/
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THEGESESTRILE), TR B ESIEN Zn £
EEFEINE Zn A BB, HEXt Zn BE
ERZHEN 0.21~029, 7 RLIAELxTHIEF Zn H—
ERRMEE S, HERA EEEREERENT
1) [F] A 8 451 0 ' 42 R0 1B TS PR E LR T R
fi§, JFEBETELBHRENE S TEIE, X#—5
FUE ST Zn RAWIKTMICEEMER, 1B i) v]
DA st [6] £/ HE i At AR 3P LK RO Zn HE
A, MTE D ESBREEERCY,

F4 MEBEAREIE LIES Zn MEYEE
Table 4 Concentrations of Zn in the body of earthworms and
earthworm casts

WH Zn 4 (mg/kg)
0 100 200 300 400
WEEKN Zn S 8.82 28.65 5568 7224 8258

{mg/kg)

WEN Zn & 21.78 38.89 76.67 109.73 126.08
(mg/kg)

LI NCE- 8¢ ~ 029 028 024 021

AW AR R BHAE £ BIRE S UIERTR
RARME, 0 Lukkari 2 P25 5% 4 B i )
(Lumbricidae)TE Cu/Zn ¥ FEH 79/139 mg/kg A, BIAT
E 4 40 mg/kg 19 Cu F1 600 mg/kg f) Zn, Tt/ T
RIAB TR, Dai ZUHAN, BRI 25 MLl
G LA R M 45 B O R | S| B ER TR IS A
famtEl, URtEFESBHIEASEEE X,

MR, HESER DTPA IS Zn
FREBUAN K Zn S8 B E EAHX(E 5), DTPA 21
MES BB &ERNEXESESR2E ST
B AR —3, &R SiEAEKER B ERMX,
A EAEERY . BETELEAERE M
%, ZEF DTPA RECS RS RE L . EENTS
¥ 5, ABTIS R DTPA IRBUS E £ B Ay Bl ik 451
BSAF B3R5, AT HIEsSL T —x.

E5 TEZIn2EREWS In SEBEWE. Zo RE.
%13 Zn FEZEHAXN
Table 5 Correlations between soil total Zn / DTPA-Zn and casts
earthworm biomass, earthworm Zn concentration, Zn in earthworm

g AR WEK Zn S8 BT In BB
4 7n ~0.948" 0.988"

0.977"

DTPA-Zn -0.982" 0.996" 0.991"

. **FRTE P<0.01 K FEBEMHX.
4 INGS
() R BEE S TR EWRER Zn SH L

Hr, SR S A R N SRR B . (HRESTR
TS YRR EAMH 7RI AR, B AR K R 4 RS
WA T,

() WEBHRE T HEEMEA . WY E, 18
EFESTIENONFE, MATEAM. NHI-N &
BRI K SRR IR A R B
RisRtBEAEFER L,

(3) MrisVEoh B EREMK T L. pH, WK T +
Bk Zn BA, 8 TRES Zn MAES . REE
e, RnHREI% DTPA-Zn A B EREEH.

(4) SEHIXT Zn BEEFRECH 0.21 ~ 0.29, 4K
Vi8R, 1S Zn. DTPA-Zn SirBlAKRE BE
A%, TEEERERTESREEREEMX,
K EG RIS YIRE LY B SRR R E .
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Effects of Earthworm on Soil Nutrients and Zn Chemical
Forms in Zn Contaminated Soil

WANG Dan-dan', WU Li-jun', DAI Ying', ZHONG Shu-ming', SUN Hua',
ZHANG Wei-qing', LI Jie', LI Hui-xin?, HU Feng®'
(1 Nanjing Institute of Environmental Sciences, Ministry of Environmental Protection, Nanjing 210042, China; 2 College of
Resources and Environmental Science, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: Pot experiment was carried out to study the roles of earthworms in Zn contaminated soil, Zn was added in the
form of ZnSO, solution to the soil (1 000 g per pot) at rates ranging from 0 to 400 mg/kg and the soil was incubated for 60 days at
20°C for fractionation and stabilization. Zn-tolerant earthworms {(Pheretima sp.) were introduced into half of the pots, with the
other half as control. The results showed that the employed earthworms could tolerate heavy metals and survive in Zn polluted
soil tested, and their Zn enrichment coefficients were about 0.21-0.29, but the growth of earthworm was negatively affected by
Zn pollution, the growth rate declined with soil polluted degree increased. Earthworm activities decreased soil pH and
significantly increased concentration of DTPA-Zn of soil. In additional, earthworms made Zn fractions change from residual
forms and organic forms to Fe-Mn oxides-bound and extractable forms, which contributed to increase soil plant-available heavy
metals amounts. And earthworm could significantly increase available N, P and NO3-N contents in contaminated soil, but had no
effect on soil available K and NH;-N contents.

Key words: Earthworm, Contamination soil, Zn forms, DTPA-Zn, Soil nutrients
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