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 E: RARRRRIR, BRTIHPESBRROFERS RN 5 # L RBEEM0EWH, BEE R0
FERRSBIE (100~ 1 600 mgrkg), FWIEBERMASIE BRI MEE YA RBAOME, MHBLHIH
15.0% ~67.3% . 13.9% ~85.3%; BREGISHIH RN -1.6% ~21. 3%, RAHAMESGHHOAL: BE
REABOAMHER; MTELEBONHERRYN. TREREH, RUPIRIE. BIERBREAREAE
HH AL RRISRBEN T BALIER . ROGAES S 1 00E Y 8 8 5B 5 4B MM S HTIESE, DTPA
REWAERSR S LBEBEEZ HAAXMT ., XBEEX, Hit, U DIPA RBMERSHRRMELEROEYE

B TITH
XA L R S, HERREMS
hESHEE: sisa.2 TEEERIAA: A

TEMEE R E SRS RESBMAE R
fBirz—1, THHTFHALRPESRISRME
BERILHERA KM . FERRFLRNR M
HERTEBHET, MR RS2 2 H
REER AR E NN R, HXMELS+
MOVRAR . AHREE R, pHEH X, B
B, RALREEERITN L RE SR ITRESH
R BRI 7 ¥ M Fpist— 52

HYBERTRESCRERBEINOTRRA
s, BEE, ZERIK 400 ERBEEEHYT,
REEEMAYEL 300 BT, RS LEOHEYE
OB ABBRARLA AR, KB
B RRITRN LR ARG SR TRA
BEZXRE. FOELIEHERAL, 2HKE
YERAE DR SR RS T REHEEZ (6]
MPE—MNXR, FRAFAESEXN L RERA
Bk, BTEME X REURN DR, b IRIRR
REGERMEIT. TR MRMTT R E R EE
SRMPLFIREE
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(1) kIR R EARNEE

* WrRERKRE: 2005-02-02

XEHS: 0529-6579 (2005) 05-0093-05

X MM FRKE L, RAT RERLE
EMAGKBHARRBEH BEREL), HiEH
ﬂkﬁﬁﬂiﬁ%@%:wﬁm,aﬁkag@
BB 18.43 g/kg, BB 212 me/kg, H4T 41.70 me/kg,
B 85.80 mg/kg, SHR 12.51 mg/kg, A ATHMAE
0.04 mg/kg, BHEHEHMEER 0.18 my/kg, ZEEIL
S BH (OX-Ni) 0.48 mg/kg, HHLRGE S
0.64 mg/kg, FREAE 11.17 mg/kg, FHE FLHE
1.74 cmol/kg, TR ZZERNT, HERHED®
. BE. AF%, e BNFEEH.

(2) LML

FREUEI B RS 5 kg, L7 10, 9%
PR R B 4 $ 0. 100, 200, 300, 400, 800
1600 mg/kg (THRE) MAC BB RHEKERH
NiSO, -6H,0. HERFE, BMEEFK 1 800 mL
MR LB, REETHFSN/DNEBNMARE
., FRTHBANE (FR) #1785, 8%
RAEFE, EART. BRI 2 MRS,
F20 HF 100 BRER, ¥ THESBERLEN,
#H.

1.2 WAk
(1) BEERBLSHT T E
TEBESE (T-Ni): RA¥% HNO,. HCIO,.

EEWME: ARSI IHRIEBME (200-AA-640501-03); ERBRAMFESEMIE (20177035); THREFE AR K
LRSI E (2004A30308002) ; HERHHLMHETEAA TR
EEEr: S (1965 F4), B, BEHas: BRBEREA: fi%EE; Email: eesql@zsu.edu.cn
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HF &, JRFRuar et E .

THEPRERES T TRHRS (EX-N)
F1 mol/L MgCl, A MR$REL, 55 % YW M A sk i ik
ek 4 A (CAB-Ni) A 1 mol/L NaOAc ¥ MR BR,
BEEMYEEA (0X-Ni) F 0.04 mol/I. NH,OH-
HCL A IR, A4 &8 (OM-Ni) Al 0.04
mol/L. HNO; 1 30% H,0, K IZE, HEA (RES-
Ni) PAZRRITR

AHRAF A 0.005 mol/L () DTPA B MR, HI
DTPA-Ni £7R,

VAR SR M BE A Hitachi Z-5000 JRUF W 43 Y6 0%
FEHHIRE o

(2) HEEESIEMER ST

TP IENER (EC1.11.1.6), ZBEL
B (EC1.10.3.1). IXE8 (EC3.5.1.5). BPEBRR
iy (EC3.1.3.1) MMRHUHEME (EC3.1.3.2) &
PRI S B0 [11] 317, FERREHRRKR
L bfE T 8ok, BAkR: dEh&EBr I hERt
9 0.1 mol/L KMnO, HIZEF4, BKEEN 1 h % 100 ¢
+ NH,-NWWZRH, ZHmENBA1 h&E 100zt
HIZLER R Z 8, MR M M B EREE

1 h#§ 100 g + P,0, MZTEEL,

(3) HeiEtirmar g

pH IR ETHEE, BAAEHENKE, S
FESRRAFEMA—HAMAYE, B8, B4, 848
REFRBEHREINE, MEFXRERCKRE
L

2 g B

TRBROES
TEPEMESNRNEITSERLE L.

MmE 1A, BEL4, RES-Ni &f 82.7%., &
RIS, EX-Ni 7 & bl B I 0 B o 3% Km 7+ &,
MR A 1 600 mg/kg B, EX-Ni (5 T-Ni £ L5
kB[ 48.4% ., CAB-Ni 5 T-Ni B L1 16.9% ~
22.7%, FEESIMEHE M EE/DN. OX-Ni f1 OM-
Ni &5 T-Ni # HL B4 514 31.6% ~ 13.5% ., 19.8%
~7.5%, FBEGIMEB AT T %, RES-Ni fj T-
Ni UL BIARE, 7 10.3% ~24.6% ., DIPA-Ni (738
LEaH5 EX-Ni W24 AEML, H b T-Ni 89 L # 4
45.0% ~ 66.6% 2 [8],

2.1

A1 FEAEGLE b LAY SR LA
Tab.1 The percentage of different nickel fractions in different treated soil
Bmeg" TOTAL? EX-Ni CAB-Ni OX-Ni OM-Ni RES-Ni DTPA-Ni
(mg-kg™') (%)
0 12.40+2.04 0.8 3.4 5.2 7.9 82.7 4.6
100 102.08 + 2.63 10.2 16.9 31.6 19.8 21.5 45.0
200 215.40+ 10.57 15.3 19.8 25.3 15.1 2.6 48.8
300 303.67 +27.82 21.8 2.7 24.7 13.5 17.3 56.4
400 423.96+4.59 28.7 18.7 2.1 11.9 18.5 51.0
800 834.74 £ 14.30 33.4 21.5 18.6 9.5 16.9 59.9
1600 1627.24 + 19.61 48.4 20.3 13.5 7.5 10.3 66.6
D RHHRINE; 2) HERBRNRESE, QREENHTYE RlEE,
2.2 1HEEE 3 3+t B
TR R AT R LK 20 WHEE (The Wi
percentage of inhibition, PI) KJiTERA TR, 3.1 SMNERMESTL

RS R - L REERE o
Ty BN 0] T °

MFE2E, BEGRRMBHREM, BXHIEHRE
FIBR T 9% BR B A0 10 I E I K, LAl 3 40 31
15.0% ~67.3% ., 13.9% ~85.3% ., BEMMEHN 100
mg/kg B, BXTRBEA BUEIER; HERBMEX
#m, BRERRTEMEZ B, B R BRI TE TN
AEEENFERZEHDME . SELIBOEE
SR BN

PI=

IERER, SNRRFEALRENFELS
5REMABRFERRHXLR. BMABRKMEH, +
BHRFELULESEEBEN OX-Ni #1 OM-Ni £
7, XEEMEMAFWIEEANSER; LGMA
BERREN, RErEPEEd LA SNgEn
YERIBES, BMEH - EREHITES L
£, BELLEX-Ni MIERFH K, BX—HEH
MBI F. RES-Ni HMHBIAE, 584+
HEh i RES-Ni BT B LA A E RS, =
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A% SMRBE + N I EAE DA B 5 T RE 0 %

BRBTX-ESHNEFETYV DRET, ¥k
A REAE R BT S,

DTPA-Ni 5&TE7 Ni Z AL REH,
DTPA-Ni 5T 5 Ml A8 MM 3% R BO/MIUFK
YKE: CAB-Ni (0.939) > EX-Ni (0.843) > OX-Ni
(0.447) > OM-Ni (0.021) > RES-Ni (-0.957),
DTPA-Ni 5 CAB-Ni fl EX-Ni 23 2HEE (P <
0.01). B#F (P<0.05) IEMX, 5 RES-Ni Atk
BFE (P<0.01) fAfAX; M5 OX-Ni. OM-Ni &
EMX, HEXAEE (P>0.05). Hit, DIPA-
Ni X EH M EX-Ni f1 CAB-Ni, HEEEX (W
OM-Ni) H &H1R/INER4Y,

3.2 AMRRAT L IREETE R

(1) +EBEESRABNER

B M B BR B A BR P B PR IE IR T K AR RE — R I
B, TiC/MNBRERGTRES, M2 AEEMEEY
ZEME . N PILHENE, RUEBREIEERE
#F 1B PR IR/ AL B R B RR S Y BA
B, BUERRBEERERRBEEOLES
Roman % MBFST 4 R AL, 7£0.16 ~ 0.53 Z [H],
i+ 4 pH 8 6.35, BTN LN, K
RUEBRTREBRBOEE (BB LENE
£, Bk, MAMNERHFALES, HHESNE
B, BRVEBEEREGIETEZ M S R R B RRRE X

FOR B 1y PR R B A KB, H o WETERDUZIE Y
FORAET 2AMRETM, Hilt, SERSRKE
SFAEMMREBAEIIEFHREEREMH. 4
HIA TR A (100 mgrkg) B, BRINAIEME
#E T IREER A AL, MBRESEEA RIMIER, RAK
B TER N ; (BREERMA RS, Xt IREEEE
RHISE K, R ED RN BRI IREE TS
HEMEER, 2RBRPRATR 1%, A
Bi. pH Fifsp & BEEAFLEPEAME, H
M, T HRBREETE MEREAR AN N B AR FE R

H, AIRES i RES AR DA R E R F R4
AR B — B E WA X,

FEAEHRE TAEER, £8P ER
FERBEANEYE FEAMOLELE™ . &
BEER (F2) XU, B HEAOMEERRE,
£-4b 7 (B B IS AR R LD, HIHI ALY 0.4% ~
5.8%, Xu[fES L EM ML BARX, BHAE—
MK SRSBEEOEET, TRERERA
M MTE S S 2 B,

(2) HIEBEHEZHAXER

5Fh H BRI TR, EAS
FREEN TSP L RBEEHERXERTAHADR
HIAEE . REE SPRIEBEIRES . M EILEERIAR
B (R) 315 0.937 (P<0.01), 0.865 (P<
0.01), FBEWRBEKE; WREESREBEREZHE
HBEFMHEXER (R=0.981, P<0.05), £
AU SBERRE R AR B EEHEEXR (R
=0.843, P<0.01); SMMBEEREEZ [N B #FIE
MERXE (R=0.884, P<0.05), MHEHBRES
BRIEBERREEZ B M B EIEAX KR (R=0.938, P
<0.05), SEMNERMESHAERREE. MUEBRE.
JREG . ZBEABZEREMELELR, BHXAE
Z (P>0.05),

(3) TEBEESEMESRZEIMNXR

THEBEESEHESENXRESTER
(F3) £Y: EX-N X BERERE. MYEBMRE.
. ZEHmEABASEAEBREEERELX,
KK DTPA-Ni, HHIXK CAB-Ni, T T-Ni. OM-
Ni. OX-Ni. RES-Ni i +3EEHEER BB/,

T3EEEEM: S DTPA-Ni HI7EEERHXXE (%
4y, 5FHEEHEYE S DTPA-Ni BYAHE R /MM
¥k BRTEDEERES > BRTEREERES > IRES > ZEYE L
B > L EE, DIPA-Ni 1 T-Ni 7] F{ F R+
BEE KR,

A2 LEEBEMASFER

Tab.2 The results of enzymatic activities in the tested soils

RSmE BIERERL TS [oaerado i JRES B EALE SEAEE
(mgekg™’)  HEHEY  P(%) EHEY P(%) BH P(%) BN P(%) EHE"  PU(%)
0 3.00£0.10 0.0 15.11+1.70 0.0 1.88:0.60 0.0 7.18:x2.91 0.0 3.44:0.26 0.0
100 2.55+0.46 15.0 13.02:3.32 13.9 1.91£0.52 -1.6 6.52+2.39 9.2 3.34:0.14 2.9
200 2.09:0.16 30.2 13.04+1.44 13.7 1.82£0.24 3.2 7.76+3.35 -8.1 3.53:0.10 -2.7
300 1.98+0.42 34.1 7.04+3.25 53.4 1.64:0.08 12.8 6.49:2.80 9.6 3.31:0.18 3.9
400 1.53+0.11 49.0 3.19:1.56 78.9 1.56:0.09 17.0 5.51x1.46 23.3 3.37:0.19 1.9
800 1.26+0.03 58.0 2.40:0.14 84.1 1.48:0.09 21.3 4.20£0.78 41.6 3.24:0.07 5.8
1600 0.98:0.42 67.3 2.22:0.78 85.3 1.48:0.12 21.3 3.70:+1.01 48.4 3.43:0.30 0.4

DRF 5 FHBEREEY 2 KEEMVPEFI TSRO FHE « iR,
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Tab.3 The coefficients of connection degree between soil enzymatic activities and nickel fractions

i EX-Ni CAB-Ni OX-Ni OM-Ni RESNi DIPA-Ni T-Ni
XD (%) (X (K (X)X (%) XRRFF
WYEREMEE 0701 0.694  0.679  0.685 0.687 0.698 0.689 X, >X>X,>X,>X,>X,>X,
FEMEBERAAE  0.574 0.570  0.562  0.565 0.560 0.572  0.565 X, >X>X> X >X;>X;> X
IR ES 0.583  0.580 0.565 0.5711  0.569  0.581 0.573 X, >X>X>X>X > X > X,
ZWHEILE 0.618 0.607  0.587  0.591 0.600  0.613 0.602 X, >Xs>X,>X;>X> X, > X,
SEIEB 0618 0594 0577 058  0.603 0.602 0.608 X,>X;>X;>X,>X;>X,>X,
£ 4 LREEENRE DIPA-Ni T-Ni 8 % &
Tab.4 The relationship between enzymatic activities and DTPA-Ni, T-Ni in treated soil
- DTPA-Ni T-Ni
peEHB" HERE HearR’ HERE
kB AR AR Y=4.578-1.366x lgX 0.913" Y=4,167-0.934 x 1gX 0.967"
MR AR ¥=3.199-0.154x lgX 0.812° Y=3.241-0.107 x IgX 0.876™
R B ¥Y=9.392-4.418 x IgX 0.770° Y=7.689-3.157x IgX 0.853"
EHE LR Y=4.771-0.475x IgX 0.671" ¥Y=4.431-0.347T xIgX 0.760"
e E B ¥=13.270-3.345x IgX 0.299 Y=9.394-2.075x IgX 0.287

.

% i

(1) L ARMENBEESBWET L
AFE®N, L+ EFRERNEERERAE,
BN BR BRI M AR 1 B RR B T Ve X R B A
FIVER, EERYEBERRERTS T MBI Rt B
BERA; RAEME DT 100 mgkg) XF L AR
WIEWASIEER, BRESNEWMEER,; &t
EMEBOAEMBER, mxhIEbEBErmH
YERWE /e RIS MBI R BUBRA B, ATLAR
FABREREBREE . BAYEDERREE IR B IE Ny LR 5 B
WM FDVEAN A B A LHE R

(2) DTPA-Ni SHEESHRAELEPRABLT
XM, REAIRBESHNHEHERMREZRERA
BUFMAEX XK ; DIPA-Ni 5 HI&MAEBIEHHEE
BT, B K, Bk, A DTPA-Ni ERIL
THERAEMA BRI,
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Fractions of Additive Nickel and Relationship with Enzymatic Activities in Soil

CAI Xin-de'?, QIU Rong-liang' , TANG Ye-tao' , FANG Xiao-hang' , CHEN Gui-zhu'
(1.The school of Environmental Science & Engineering, Sun Yat-sen University, Guangzhou 510275, China;
2.South China Institute for Environmental Science, SEPA, Guangzhou 510655, China)

Abstract: By cultural experiment method, fractions of additive nickel in soil andimpacts under different concentration
on five kinds of soil enzymes were studied. The percentages of inhibition (PI) of alkaline phosphatase and acid
phosphatase were 15.0% - 67.3%, 13.9% ~ 85.3%, respectively with the added nickel from 100 to 1600 mg/kg,
their activities were strongly inhibited by additive nickel. The PI of urease was from — 1.6% 1021.3%, its activity was
stimulated under low added nickel concentration, but deactivated under high concentration. The polyphenol oxidase
activity was obviously inhibited, while the catalase activity was changed lightly under different nickel levels. The results
indicated that acid phosphatase activity, alkaline phosphatase activity and urease activity can be used as primary
biochemical indexes in soil quality assessment. According to the resulis of the correlation analysis and connection degree
analysis between forms of nickel and soil enzymatic activities, it was proved that DTPA extracted nickel form had
significant correlation and maximal connection degree coefficient with soil enzymes. Therefore, it was feasible to use the
DTPA extracted nickel to evaluate the bioavailability of soil nickel contamination.

Key words: soil; nickel; fraction; soil enzyme activity



