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Fractionation character and bioavailability of Cd, Pb, Zn and Ni combined

pollution in oasis soil
WU Wenfei, NAN Zhongren* ,WANG Shengli,ZHOU Ting, LIAO Qin, LI Chengcheng

Key Laboratory of Western China's Environmental Systems ( Ministry of Education) , College of Earth and Environmental Sciences, Lanzhou University,

Lanzhou 730000, China

Abstract: Rape ( Brassica campestris 1.. ) is frequently planted in oasis soils from the Northwest arid areas, and Cd, Pb,
Zn, Ni are the common pollutants, which are widely distributed in soil environment. By pot experiments to simulate Cd-Ph-
Zn-Ni combined pollution, and using Tessier sequential extraction, this paper studied the effect of Cd-Pb-Zn-Ni combined
pollution on the growth of rape, the transformation and tendency of chemical forms of heavy metals in soils, and
bioavailability to the rape. Dry weight, root height and the concentration of Cd, Pb, Zn and Ni in different parts of rape
was measured after one growing season (66 days). As Cd-Pb-Zn-Ni combined stress levels rising, the dry weight of rape
first increased and then decreased, the growth of root was first promoted and then inhibited. The chemical speciation of
heavy metals contains exchangeable form, carbonate bound form, ferric-manganese oxide form, organic matter form and
residual form. Cd, Pb, Zn and Ni mainly existed in residual form, while the concentrations of exchangeable form of them

were all low in soils for control. With the increasing concentration of exogenous heavy metals, the concentration of various

EL£WH . BRARREI4 (51178209, 91025015)
WfE B HA:2011-11-20; &7 B #9:2012-08-03
# MIRVEH Corresponding author. E-mail ; nanzhongren@ lzu. edu. cn

http ://www. ecologica. cn



620 A E = 334

forms of Cd, Pb, Zn and Ni increased in soils. And the fractionation character of heavy metals transformed greatly. The
exchangeable form of Cd, Pb, Zn and the carbonate bound form of Ni had the greatest response when the exogenous Cd,
Pb, Zn and Ni were added jointly, where rape were planted according to the coefficient of variation( Cv). Meanwhile,the
activeness of Cd, Pb, Zn and Ni enhanced considerably according to mobility factor. Furthermore, the main chemical
speciation of Cd and Pb changed from residual form into carbonate bound form and ferric—manganese oxide form rapidly,
while the main chemical speciation of Zn changed from residual form and carbonate bound form into carbonate form and
ferric—manganese oxide, and the main chemical speciation of Ni changed from residual form into carbonate bound form. The
concentration of Cd and Zn in stems and leaves were higher than which in root, while the concentration of Pb Ni was
converse. More Cd and Zn can be conveyed to the stems and leaves by rape, however, Pb and Ni are mainly accumulated
in roots synchronously according to the ratio of the concentration of heavy metals in stems and leaves to the concentration of
heavy metals in root. Correlation analysis and the stepwise linear regression equation was made between the concentration of
Cd, Pb, Zn and Ni in different parts of rape and the concentration of various forms of Cd, Pb, Zn and Ni in soils to explore
which chemical speciation could be mainly accumulated by rape. The main contribution form of uptake of Cd and Zn by all
parts of rape was exchangeable form, the main contribution form of uptake of Cd by root transformed from exchangeable form
to organic matter form, the contribution form of uptake of Pb by root and Ni by various parts of rape were carbonate bound

form.

Key Words: heavy metals ; combined pollution ; fractionation character ;bioavailability

B R S A MUK AR R AR A B SR W W R G, HEGEHME T &
SR A YIRS R (AR A TS RS TR R, AR R BRI Y R | b 4 T TS e
AT E MO | IEARSR TR A VAL T 5 X S P 4 T 4 5 e BURIEA T T A DGR A 5T

TAE, HEE R KM Cd P Zn Ni +3 K 5y YLl B g i 7

T3 AR R T — B E N AR Y RS Y R T B — (A RRER IO R A
I AR TR RE T LA TAE S A Rt AR BEE PR B A T A M R A B FE A B X
PR 4 JE 7E B3R DUR TR IR A7, SRR SERYOE T E 4R AT N RHE, AHCHFIY R0, i N £ 35
HIRR A EEESENEZ /05 P EESE S BEIFRLERR, S PSS WY A S B
BT TR, AR X 3 4 ) IR A T AT, 38 R X - 3 T 4 R R TR R A S AT A0 M, B A
4 B AN RIS X A= WA BTRBR B, mT LA R LA A R N 0 i AT A A R AR

SR TR 42 T AL 22 AT R AR A SR I R R B 1 4 B AR B Pk T A, M TR SR A IR R R
TR PG X+ X AN > KA R B2 R %K — i 2 B pH & BRERER %
e R HEA LR S AR R T AR R BT, A TR E P b X TR X AR TR A R
o 4 R IR R AL T S AR RS SS , E JR IR At A AR WA B A R B R e = BRI, AR SC R E ot
FEHRARTS , R H Tessier ELLEE ST H 715, A RG MRV T R IX G0 184N Cd \Pb Zn \Ni & G154 Xl
S A R AN B 42 B TR S ARRAE S S A A RO SE 2R LA A5 T 5 X S 1 4 4 S V5 Y I EM B
R EA DI WA R AR AR Y A R T S SR AR AR
1 #R5H%
1.1 sk

AR 3 H A AT P S RSN AR YN+, RFEREE N 0—20 em, IR IG 7R RIERE T, T H SR
T KA KT TR, MR 28 B AT R 52 3 2 mm JE 0 45 ] . HEIEA LR Rl . pH =8. 16, AL &
i 1.54% FRIREL S 5. 64% , FHES T34 ft 8. 10 emol/kg, 3 + A9 Cd  Pb . Zn Ni HIF 5 & &0 9N
0.55.15.92 .62.97 53.86 mg/kg.
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PERAVEY) % ( Brassica campestris L. ) | 5hFP 5 KK BB E G S5 IO MU H & Fp 10 FH 5K 30 A
T,

1.2 L5t

FRE I AEWF 78 X I -4 T 4 J8 Cd Pb . Zn Ni B975 YR O0IH 2 B B S RV B, I 55 SR 315 e
AT YRSERE TN AT R DR X T 4 S R G L BRAE M T3 XS A S [ 25 A - SR G T 4 R T A v
TR EERI A3 B 5 R A 8 N5 K (R 1)

BAAEARETINA 3.0 kg 48 in AR FEK V-1 E 4R (LUERREL K RIE) ,IEIAS. 00 g 384
FEAHRAEFITER (FFEh Cd P Zn BYE &S50 0.10 1. 71 ,47. 03 mg/kg, Ni AKG ), il L& W E TS
Yot i, KA AKEIBEE 3 A FAT, TS0 St B, i A 398 Xt T 7K A A 38 55 7K R A H [A) 45 K = 1
66% (/K Cd )& 4 0.22png/L,Pb Zn Ni YR ) /57 4 d JeHRAERIBERE A7 s 4K 7 d
JE RN B A4 AR, AR 66 d R ISR, SR AE R AR MIRE S AL RE S 43 S 25 RITR R S 4 iR AR A
K Pk g E R B KR v, HHERES AR XTI T 100 HJE R fE H . FPIFE S48 105 C R
T2 h,75 CHCT 2 EE, FRE, B, i 60 HIJE it .

F1 ZHRRWPTIBESSETEYRMIRE/ (mg/kg)

Table 1 The concentration of the heavy metals in test soil

HREITR QLB Treatment

Heavy metal TSO TSI TS2 TS3 TS4 TS5 TS6 TS7 TS8
Cd 0 0.35 0.75 1.25 1.80 2.50 3.50 5.00 7.50
Pb 0 75 150 230 320 450 700 1000 1350
Zn 0 50 100 180 300 450 600 800 1000
Ni 0 60 110 170 250 350 500 750 1100

1.3 SrHriiag

IR FE AR A A3 BTR H EAR AL F HLTES pH M E R pH A WL AR BRI A R IR
MR ETL BB oo o EDTA-EER PGHN 2 vk . HERE R Tessier H2b i S22 BUL IR 4T B4
HLL 1.0 mol/L i MgCl, . 1.0 mol/L 4 NaAC ( 1 1. 0 mol/L 4 HAC #8757 % pH {H°~ 5.00) .0. 04 mol/L
NH,OH - HC1+25% HAC 0. 02 mol/L HNO, +30% H,0,+0. 8 mol/L HAC  HNO,-HF-HCIO, &t 7] 57 # 25
(EXC) BRIRERZE A (CAB) BREE LS (FMO) AL A (OM) MERE A (RES) WE &8, HYHE MR
H GB/T 5009 1 #LE i HNO,-HCIO0, 1B &R I%IH M, ik 725 H 1% M HNO, i 38 2510

Cd .Pb Zn Ni f & 5 FH R T2 I3 ( Thermo Fishier, SOLAAR M6 ) W42 , LU A W 225 1 (44 v ith 2%
e it
1.4 JiEffiE

S TSR 20% FATRE (GSS-1 AR T REHT GSB-6 bRl Seke it AT it a4 iR 25 45 hI7E 5% LAY .
PRI B A PE R 4l , S5 7 AL FH AT H 10% RRR I 24 h LI,

1.5 kb

iR Microsoft Excel 2003 H1 SPSS 18. 0 #1748 40 07 AEKI%E
2 Z#R5R
2.1 Cd-Pb-Zn-Ni & & W6 %5 1 50 A6 4 ki 52 )

T4 R P38 X A A A S ) B SR B AR A A A i AR AR b ISR ZE R [R] Cd-Pb-Zn-Ni Z &
iR T AR R LR 1, 1 AT 7E Cd-Pb-Zn-Ni A WHA TR, SR & 380 10T E B 2 A W K F
RGN SR RN, S50 B AR R T 22 5 PE B35 (P<0.05) , 25T EH AL TSS /KF2 7 A B3
(P<0.05), ZZ5HRFKW ,Cd-Pb-Zn-Ni B & WHa Xl T H Bk, B FEA — N In SR A LT
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2l S LA AR A8 B2 25 T 01 S e O 5 12 o o

AR » 10} — RETE
itk TIRE SRS A PRI, SIA 5 08

AR FORER RIS E SR g 0

R B SIS S M RIR RO, A e B

W 10 A 25, % 4 P TR 40 ) 3k 0 - NE

Pb-Zn-Ni & & W3 S5 43 A7 T 55 A5 i fe B, il TSO TS| TS2 TS3 TS4 TS5 TS TS? TSS

AR AR oot el o P

P = (1 -Ab3EE/ % HE{E ) x100%
T AUE RN A SR E R, IR SRR A AR
H, HAXHER R FR A #E sl il E s, SR
[ Cd-Pb-Zn-Ni & &K T 22T EMFR (IR, AR R TEMEIK(IR,) WFE 2, hFE2 al%, TH
R A AR B A, Dl 4 8 2 A Wi Xt A K, TS2—TS4 7K X 25 M+ F A e 2k 4E
TS2—TS5 KFXR R T EA MR SEAE A, HARHEVE FIAES B A 7K -3 B R 34 Se 38 K J5 00/ IN , 01 2 1) 5% i 2% 1
 TS2—TS3 [ TS6—TS8 K F-AL it/ Ml fE HZEmt T ESR R T8, KK PRz,

E1 BRTESLEKFHIR

Fig.1 Influence of heavy metals on dry weight of rape

%®2 AEKFE Cd-Pb-Zn-Ni & I23 i £ K BB
Table 2 Effects of different levels of Cd-Pb-Zn-Ni on the growth of rape

ZEnFEAER Ry/% WETEIMENZH IR,/ %

A H T e | S BT ST R R TR
Treatment level ITI 1)1t%on Ratio of dry In 1)1t%on Rétlo o Treatment level IR/ % IRz /%
weight of stems and leaves dry weight of roots
TS1 37.04x1.02e 83.61+1.88d TS2 -87.39+1. 14b —65.94+5.35bc
TS3 -106.79+5.59a -83.40+5.90ab TS4 -48.77+3.79¢ -99.80+5.26a
TS5 3.11+3.20d -56.38+10.92¢ TS6 85.32+0.31f 73.46+2.16d
TS7 93.44+0.68¢ 88.82+2.04d TS8 97.97+0.04h 94.33+0.51d

RPBAR B ARMEDE (n=3) , T[] ; RIS 265, AR TR 5 FORBIRIRTE P<0. 05 /KF T HR 2257 BF

F AT UL, ZEAS TG VA 8 4 Cd-Ph-Zn-Nil 52 W8 7K S BB E T A o 7K P o 31 3845 36 02 49 2 4
A AR R ARV Y, I 5 K ST 72 2 T S P 38 PT R PR TG oK 7 F 54 9 i A sk
TS A FR TR B TR, AR A R L TR RO 22 B S MR E AR
(v A o D I A W R I D 0 45 A B AL A R IR B AN TR0 22 B R RV R 0 1059, Jk e &
BRI [RIRLBE R 20 BRIk R A e 1 4 R T T AL 19 A K R B T R R
MATEAS 2 4y h B S A 12 g

2.2 Cd-Pb-Zn-Ni & & Wl Tl it £5 1or

RS YA R R OS5 08|
B R R, YR R B R R R £5 06T
G TR TR BT e £ Rer e
B MR AT A W | AT AT P R A L ) o
A5 28 20 MR P 17 o S A, P I B T Dt T 1 TSt Tss 16 1T TS
SR 817 | T 0 0 1k 6 4 B T — 251 resment lve o C& P g

Hb R4S, PR MAR R S B (RTI) 2 R ) A TR AR T
@%*ﬁ%ﬁﬁﬁ“ﬁﬁz\}% ﬂ]ﬁ‘@jt/'l\ E/‘JQ/I\E”E ﬁﬁ% E,:J :":E'b *’i ’ ﬂ Fig.2 The root tolerance index of rape under different treatment
DAL H I MR T 4 R O TR B 7 A e

KN RTI=L/Ly, X Ly L 5350 Ry % BEAS B S 55 ik
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B REMR R KL (em) o A WHAKTE PR R EOLE 2,

L 2 ATLIE H L 7E TS3—TSS K-, R AR R PEFE 4 KT 1.0, Ui —E L N ) Cd-Pb-Zn-Ni &
Al xHm R R A KA RIEN, (BB ZIE R, BEE 2 A a8 5, MR AR I TS 50 #i R,
TSR AT N IR AR R K TR IR /N T R AR K AZ R, M A KR BLE , TS6 LUK/ T 4
A a7 R AR N AR B AR AT B RS2 B T E AR T T IER A HE A KT i
T, TSR 4 TR RE 2
2.3 RN 4 FhE 4 JE TR I A A

B KSE T MER AL Cd P Zn Ni & A B ol I 3,

[vi] — FE A0S [F) B 4 B e 2 A WO R R AN Y . B 3 e 22 SRR G (P<0. 05) AT, #8246
B A WA /KR 4 R &R 7E e A N 0 & 238 B S MK F . Cd Zn FEZEM & R THR A, P Ni
RZ U Cd Zn 255 i i R -Z5 0 St 1] BB, i P Ni NUEE By i R 7R AR RRrpr Bl A W8 7K ST 1
PR TSR N R 4R o i i A A A SRR IR — 8, Horp 2R AR R Cd & 2B T
FJE AR A 3 AR R R Y Ph S — AR T, R Ph S /NI 38 2 s ZEnT AR Y Zn SRR
SRR ARG IR T AR R P Zn BB BB INIR R F 2Rt 2R FAR TR ) Ni B AR RS, TS1—
TS3 KPR i) Ni A 3 KR R TR, TS L EKE Iz, iR Ph Zn  Ni 93¢ B B A, E 3
KA TBALXT Zn HOMRISCIH B T Ph Ni, MRS ER/ANK Zo>Ph>Ni, i 22 & B K/ Zn>NisPh,
AT 2 e T Ni %5822 Ph B S 1) 255675

—o—Zi i S RESR —A— EERRR S

20 ~ L4 250 1 1.0
£ m E] &
=) % < 200 | 108 @
g 15+ 4 3 o g iz
uﬂmg ‘fé\[ s 150 106 §f
€z 10f 22 £9 2
“ 5 I8 &g 100 r 104 m
El 5L 1 <1 k= &
S = S 50 | {02 =
2 il 2 #
= =
O 1 1 1 1 1 1 1 0 O 1 1 1 1 1 1 1 0
TSO TSI TS2 TS3 TS4 TS5 TS6 TS7 TS8 TSO TSI TS2 TS3 TS4 TS5 TS6 TS7
~ 1000 - 12 —~ 400 - - 08
an on
N & < &
e 800 + A on A
g {2 g 300 - 106
= i = g
IS 600 L 42 e 41
N pa
<HI“-‘ 1 W& @“-‘ R
= O m = © 200 104 o
N2 400 = = =
Qo [}
£ 15 2 I
g 11 < S 100 | 1024
o 200¢ + P +=
= ¥ = M
O 1 1 1 1 1 1 1 1 () 0 1 1 1 1 1 1 1 1 0
TSO TS1 TS2 TS3 TS4 TS5 TS6 TS7 TS8 TSO TS1 TS2 TS3 TS4 TS5 TS6 TS7 TS8
Cd-Pb-Zn-Ni& & 7K -F

Treatment level of Cd-Pb-Zn-Ni

B3 Cd.Pb.ZnNi FEHFEEFEANNEESSH
Fig.3 The content and distribution of Cd, Pb, Zn, Ni in rape

S/R: Concentration of heavy metals in stems and leaves / Concentration of heavy metals in roots

4R 2R S /R R A i (S/R) g S R [R5 4 R AR A R N s S AN e s ol 0 L i 3 ]
SRR AR E AR B S/R (A B A 1S AR RRAE A5 0 R AR AL 19 22 5 (P<0.05) . Cd ) S/R {HIEA E
KK T 1.0, HAEARWTFHE | TST KA ERK(E 3. 24, Pb B9 S/R (HH/NT 1.0, 7E TSI—TS5 K FEAREA K,
ZIE BRI  Zn 1Y S/R ESETHE S BEAK, TS2 ZKF- IR Bl i K AE 1. 62, Z 5 FFEeli/Iy , (F e B 20 ik /NI #a
FagE PR TF 1.05Ni 19 S/R (B0 LA/ INA MR B sl it/ , ELE5/INF 1.0, X UEBHHESR R Cd Zn B Z Wi
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E LM RERite I 7E M B AT R R 15k Cd fIRE S e 38 TS Zn BORE J1 MIZEIL TS | X 577 5
MEXT Cd Zn B AWNA TR EARTEIRE— , Ph Ni W ZMHEAE TREA R, A G m2Em##, 0
Tir PR RE ST Bt A 52 A e AR T im i, Ph B0 Ni g FH R R BE TR K

2.4 EHOPESEVSN GBS 5 RHE

Tessier 2075 L0 S PEPGL K b 8 48 B 850 A W] 28 #1348 (EXC) IR 45 5 8 (CAB) A
B2 (FMO) A HLEE A2 (OM) sk 2 (RES) PV, AR E 48 IR S THS H &Y R itk
AR 45 H A E RIS A A R AR 3 R S 40 e R BORRAE, B R % 4 8 KA i BB
Hefl, B4R AR A B s e a0 BC BT B T i R A5 T A8 i o s I T I A S ey | ) A
UMb FRAE AL AR 4@ B AR X RN B RS LB RN AT A 7 i T 2 M B8 7 P05 15 e X 398 (1)
ek

Bl 4 FE S 4325 1 T ANE R A Wi KO Tl 23 p Cd Pb . Zn Ni £ IE 8 09 & & 40 A FRAE, 1]
W ESBASIESN S RN, Mg E 4R MBS MFIEN, Cd: RES (39.29% ) > CAB
(31.57% ) >FMO (22.27% ) >OM (5. 89% ) >EXC (0. 98% ), Pb: RES (68. 73% ) >FMO (20. 39% ) >CAB
(10.88% ) >OM(0.00% ) >EXC(0.00% ) ,Zn:RES(78.68% ) >FMO(15.38% ) >OM(4.739% ) >CAB(0.72% )
>EXC(0.49% ) ,Ni:RES(78.06% )>0M (12.18% ) >FMO(8.29% ) >CAB(1.47% ) >EXC(0.00% ) ,4 Fh & 4>
JBICEBILL RES h ELMALA  EXC M ERIMR/N, a8 T HIEPNESENSIESS BERIEAS
A XTI T R E 2k,

2.4.1 Cd.Pb .Zn Ni B HRE

H4EAILA EXC .CAB FMO .OM RES (785 250(% ) .

Cd 43 32h 134.38 86.19 97.56 .65. 82 .30. 69, EXC K #M Lt ufi 1 58 B £ K, HYk &y FMO i1 CAB, RES
B/, H SRS E f RES #7258 CAB Hil FMO, H. CAB 43t 2508 N, 7E 31% LU |, EXC
Y B A R IE

Pb 43514 197. 67 105.56 78. 46 . 77. 61 .53. 59 , EXC X &b 5L Jily 360 i )07 558 5 5 K, HYR S CAB il FMO,
RES fz/]N, EXC Hl CAB B3 BC RECFEE88 0, 1 FMO 5 RES (0B REON 454 F R, Pb 78 HIEh R £ 5
AFIE S RES #7454 CAB il FMO,,

Zn 73520 105.19 104, 34 82.25 83.75 .16. 67, B EXC F1 CAB R 4h ik 6 e 137 558 2 f5 A, LW 1S i 133
i, KA FMO 1 OM,RES /N, EXC Fl CAB A9 53 L R BGFELHE N, OM & ¥ F 2= A2E 7K1, Tl RES WJ4¢4L
TRE, Zn 7E AR FERAFIE A H RES #7455 FMO F1 CAB,

Ni 43514 69. 75 . 102. 86 .97. 35 .82.25 18. 35, Rl CAB X & S Filp 36 v 37 56 FiE e A, FEYR A FMO Al OM,
RES /)y, SIEES BRI B HR FEMAEES Pb 2l

ALUL, AR 4 BV & JE T R IR SRR AR LR BE AN A — 2 (HX R EXC T CAB 9 i 5K, RES (1)
M R38N, HIRAFIEAS LA CAB Al FMO |, S5 iR 4458
2.4.2 Cd.Pb.Zn Ni 5GP 1E

4R AL EXC MR, WIS AR L i sk, B i B Ak, A rm i ™ CAB 7 pH
FEAR ST 5 B SR A E R ), FMO LA 0 1S T S S B >0, OML U A AL I 3 44 3k P A i o7 4
4 A B ES T 5 T 4 R O ULTE 1T A 5 B ) (R Ak A5 1F I X AR R 25 T REBE 2 it BRI, S BG4
JEE S IRAY DT RES — MM R, IR &0 F RS B, RE K e e 72 5 rh R 5 Sk a4 Wt
W, RA b2z S N A TV S A REXT A W= A fg i Y L, AR AR IR S RS R A A
el 1 YE R B (MF) RENE S A 39 R [R) E 4 AR R TR I SR EEAL R e fE AR Y TEMER
B ARKh

F1+F2

MF =
F1+F2+F3+F4+F5
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AWK FAE 4R ICE Cd Pb Zn Ni B3GR BRI 3, WA, 2 HhE K8 B, Cd  Pb
Zn Ni WG MERBESE TR BE N, 5 4 8 W35 P2 WA T BCRE BE I 34 T, 156 BH A MR T 45 J8 U8 in
H3E A A T EH A B ISR R . Cd ATE I R AR K, 97E 0.59 DL B 2 B FRE 7K F Ph 1S
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M, J RN 0.19 7245, A K Cd \Pb Zn, AT UL, BiAE 526 WM 7K B T SsSB4 MOTR AL
IIATRAE R AR T BRI, AR A AT T AN IR RE B 38, AN o 46 J AR T A T R TR R T Ak
AORREE , T8 BT M R/INA Cd>Pb>Zn>Ni,

%3 Cd.Pb.Zn Ni FiEERBHEESSHNEKEHETL
Table 3 The change of mobility factor Cd, Pb, Zn and Ni under different treatment levels

;ﬁ’%fiﬁ( TS0 TSI Ts2 TsS3 Ts4 TSs TsS6 Ts7 TS8
Cd 0.33+0.09 0.59+0.03 0.63+0.04 0.64+0.05 0.65+0.02 0.65+0.07 0.65+0.08 0.63+0.05 0.63+0.07
Pb 0.00+0. 00 0.24+0.01 0.32+0.02 0.36+0.02 0.41+0.02 0.44+0.05 0.50=+0. 05 0.55+0.07 0.58+0. 06
Zn 0.01+0.00 0.09+0. 00 0.14+0.01 0.15+0.01 0.16+0.01 0.21+0.02 0.21+0.02 0.24+0.01 0.31+0.03
Ni 0.01+0.00 0.12+0.01 0.16+0.01 0.17+0.01 0.17+0.02 0.18+0.02 0.14+0.02 0.17+0.02 0.19+0.03

2.5 HEBESEIPSNAEYA
PR TR G E R YA R iR A E e R R S IR E SR A
SERZBIAMSE M M Z 0L A, 45 2R 5 W3 4 ik s,

R4 BRBZPNELESESTIRETESERSSENEXES N

Table 4 The correlation between the content of heavy metals in the rape & their content of different forms in the soil

JEA fr it Content of different forms/ ( mg/kg)

JEF Element AL Part WA R A S REAE  HISAS B A5 fht
EXC CAB FMO oM RES Total
cd TSO—TS8 2Kt -0.128 0.142 0.022 0.235 -0.309 0.062
AR -0.420 -0.181 -0.288 -0. 146 -0.384 -0.258
TSO—TS4 220t 0.997 ** 0.987 ** 0.984 ** 0.945** -0.286 0.989 **
RE 0.991 ** 0.971** 0.965 ** 0.897 ** -0.167 0.974**
TS4—TS8 ES -0.978 ** -0.882* -0.953* -0.863 -0.704 -0.945 "
i -0.899 ** -0.817 -0.871 -0.935 " -0.439 -0.878"
Pb EE 0.181 0.262 0.374 0.597 0.357 0.314
LilE 0.900 ** 0.927 ** 0.915** 0.873** 0.900 ** 0.929 **
Zn E 0.967** 0.961*" 0.953 0.807 ** 0.786 0.967 **
RE 0.903 ** 0.899 ** 0.855** 0.733* 0.667* 0.869 **
Ni EX0S 0.766 " 0.976 ** 0.962 0.935*" 0.886 " 0.964 **
isE 0.749 * 0.988 ** 0.962 ** 0.933** 0.913** 0.966 **

# FORAHICHEIRE] 0. 05 K, # + RIORAHIEHEIAS] 0.01 KT

H1 4 AT, SR SR MIZE TRy Cd & LA SR i Ph &S R AR T R AR S S A
B K3 ERURFMZENH Cd & 8 FEE 25 MK PR 52 f ST mn s FRAR, b S R AR S
T BRI I, OO B G e A WSS TRy T R R A X SR SR T A A TR R O O AR Hh IE AT
KHAR N AR, PITAS R A — TR LML SC AR | (AR AV TR P A 25 10 35 1 5 oL A9 35 i AR SR PR 2 A
Fo M3 Bos R AR MZEM T Cd SRS UL TS4 S35 Bt i o il EAT IR 45 R3] AR AR R 2.
- Cd 5 F7E TSO—TS4 7KV Fil A -5 AR5k i A5 LR i 14 S A0 2 38 1) TE R G, TSA—TS8 /K13 [l P Il 47 55
AR AS AL AR A O SE 25 Ph B i A A A K F B3R TE 0 T AR, HAR R
/I X AT BB ISR R FE e P B 1 i B IR i 1) S5 AR RS A G, RIS RO AR R -2 I BN R
AR A% T SR HR AR S I 0 < TS A R 1 LA B R 2R -2 - L T 4 SR P S T A P B, TR g 5 -
AT RIGARE, WA Ph & MRMZEM T Zn 5 Ni 195 8 58 PN TR MSESH B

http ; //www. ecologica. cn



2 KK 45204 Cd Pb Zn NI 57504 T H G R BB S RHEAAE YA 2k 627

U W E AR RO A RV FIE SR E R JUHOR R A ) XS i 2] 7 E 2R/, [,
THISREAS S o7 P 4 i 11 5 R 1 5 TS A S A S R L AR O, U A AN IR 4 A S I i AE — e R AR L
4R AR

x5 HEXBBUESERESIEECRERESAENESOMAFEINER
Table 5 The results of multiple regression analysis between the concentrations of four kinds of heavy metals in different parts of rape and
concentration of forms in soil

FIAz b JLR AL B 7 LIRS ES

Argument Element Part Regression equation R*' FET
A A Cd(TSO—TS4) N0 Y=78.564X . ~0.763 0.982 162.306
Content of different form [ES Y=136. 097 X +0. 719 0.992 481.249
Cd(TS4—TS8) N0 Y=-12.902X yxo +16.237 0.942 66.305
W& Y=-75.786X 5y +12.723 0.833 20.920
Pb 2t — - -
[ ES Y=0.333X,;+27. 846 0.836 36.675
7n 20 Y=40.333 Xy o +174.201 0.927 101.900
JEEA Y=34.034X o +174.019 0.790 31.088
Ni e Y=0.523X ., +4. 638 0.946 140. 122
JEEA Y=1.576X 3 +0. 552 0.973 285.810

[ A B, IS5 HR ALY P Zn Ni (25t Ph BRAM) 24 5 LB WA AN 1) RES & JEAHG . A AN
AHSEMEA RN ISR [0 ] 56 R A B F AR RE IR B E T Z R N FEBE R L, Sk E 4
J& % Y Pearson RE E LI A BEIRE BE— & Re MAED TS, R T 58 1 X 70 552 45 30 A5 12 AL BT ik
R ESBIEE MEH TSSO Cd Pb Zn Ni & S5HIN G RIEE & %L IR a5 R 0k S,

F LA 77 B0 S 2E IR Cd i F2 22 STk A5 Ry T 28 e 2 AR R A Cd 1) 3222 ST iR 25 ) phy mf
LIS FAS AL G R AR Ph A AT Ni 1) R ZESTRIE S WIRIR R 45 A2, TSR 43007
W Zn () FBESTHIE IR T A8 ds . HIEE 4Jm 4 i 5 TR 25 () A0l 8 b R v OC R U, B S 4
ARCS ORI EE RN E IS Y E A L A YA R E R, PR A S ST A RN A DG R B
0 4 8 19 A WA Ad 52 BIAR 2 IS IR R A2, i+ S BRI BB - R EHLRA HL R 1 4%
HAEH MY A F R

TSR AR B T 3% pH A9, T30 CAB RS - vl b, AR b 4 8 00 e 7 el s TR &R
A LRSS A 5 8, S BUR R 1Y pH  Eh A LR & 5 45 A AR ) Rt B asd >R 141 3 4
FEIMSEAR R b2 B LR AE SRR N RS . BIEoKIE PR 4 )8 5 HAWE SR T3 8Pz K
P 1) 4 i — L o el SR S i st = RS A R BT R B A AR AR FE T OML FMO # Sy i 3 T
WA Y CAB 5 EXC R , AN [l RE BT 38 A M Bt g 1k sefb~fad 2 . 5351, Mench %5 & 31, i 4R
B3 WA P LAV i AR, TGN Zn (Cd R0 Ni (OAES A 85k (B LB 7 I OAIF S i b TR R B B
3 i

(1) Cd-Pb-Zn-Ni B G WA T, 0= 0+ 58 MR R i 8 B W& 2 A Wi K7 i ¥ /e 38 K 08/, Cd-
Pb-Zn-Ni & £ W8 X = i A= 1 i VR B b AR k5 A S il

(2) X I3 Cd \Pb . Zn Ni ¥JLIGRE S N EEMAFIL A, BEA SR 5 4 8 Vs I, i =% Fho 1 o
Cd . Pb . Zn B AT 340 A5 F Ni B PR 0 45 G 20 A1 Fit Join a6 w137 58 B Je R, L Cd  Ph (1) 32 BEAF IR A5 1l e AR
FBRTRER 25 A AR AL Zn 19 B ZIAF R 25 5. T A5 R R 5k 245 6 5 3 V8 B R R 245 & 5 At 4
A NI 1 EZRAFE S N IRFRER 25 B2

(3)Cd Zn ZEZEM PSR R TAR AR, Pb NI 2, HERAERF Cd . Zn B2 Wi 2250, HizH Cd I RE
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18 Zn FE3G 55 P Ni W EZRRIEAR R, A5 [0 25 M 5648 Ph 802 Ni EZ B FH B 7E 1 3,
(4)Cd Pb . Zn Ni Z5 X5 IhRAN R0 W 6 i ) 2 2 ST 250 S 25 Wi Cd R 56 45 351
PRI Zn AT AZHAS AR Cd by T S AS T A S A B 5 285, MR AR A P AT 4% B A2 Wl N B TR

A AR

N o

W

Bt 22 MR A BT IR Bt el st B R R S A R 2R S S8 3 B v 2 7 4 B 5 T PR e 3 B 5 1 o
eSS
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