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T SO HORT P IRR 2 -, FE 2B A
JROLFE 1o 56 R S 2x AR A 80 T /5 1d 2 mm
il o $423% 2 R ARG 2 6 1 B 6 s R ER VA0
A 1.5 kg T PSR AAESE oK il + 555 K i
o THTRIRF 7K Y 60% , e HR A AT il JEE 4 A\ S b ; B
PGB 3 A AT, 66 K5 73 B [l + e F] 2
MEERD o OBTEEIE D 2T UER 70 BIFRIBUR REEE
AR IR . BEREAE 105C R 2 /M),
FHE 80C LT 12 /N, {8 H 5 B By i85 60
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Table 1 Some physical and chemical properties

of the experimental soils

R =) -
FHEE pH AL BT Cd Zn Ni
% cmol/kg mg/kg mg/kg mg/kg

KEEL 8.16  1.54 8.1 0.55 62.97 53.86

2.2 Sk

3% E 4 JE 4> 40 Aok ] HNO,-HF-HCLO, =
BRI R A Tessier T0B S 4R B I
e W N AES SR AT GB/TS009 H JE5E 1Y
HNO,-HCLO (K R HATIH o A A AR Z 0. 5%
ISR IA W E 25 2 50 mL 255t )i, A3 [E Ther-
mo Fisher ) SOLLAR AA M6 5% i ik {3 &
HoA g 3D Zn N ATE Dy Zn SR CHE T
W7, -4 iy Cd FIEHE by Cd O Ni SR A &
P T E o SR AT RE AT GSS-1 FR it AE A
GSB-6 il et F A7 W 458 ot fr, 1R 22 5 I AE 5%
DA, 23 A ki T bR v 4 il TAE 2, 52501k
FNF 3k ARG 2], 52 56 1 g ILAE 1 P A 3 280
10% fig 212 i1 24 /N F o SR SPSSIL. 5 Giitk
{£F1 Microsoft Excel #5441 e 535 A 7 .

F2 HEITERSSEAEREIZI (B mg/ke)
Table 2 Design of the experiment and treatment

concentration of heavy metals added ( units : mg/kg)

AAE 0 l I m v v v W W
Cd 0 035 0.75 1.25 1.8 2.5 3.5 5 7.5
Zn 0 50 100 180 300 450 600 800 1000
Ni 0 60 110 170 250 350 500 750 1100

3 #R5i#

3.1 Cd.Zn Ni ZETERHEES RIS

Tessier 1A LR B R H IR T 4 )8 40 ]
LA (EX) kR 3R 45 6 45 (CAB) VBR AR SA AL 45
HA(FMO) FH UL A4 (OM) FEki#E A (RES)S
Mg, i T&ESRTES LIRS RA B
P 2E 5, HIRAFIE SR A . 185X S FhE
A AR sk A A Y B 05 B B B I 1 B AR P A
M T H ] S e A MR R R 4 A B R A D
Bl o 1B 1 ~6 3 R AR 4 AN IR )
HAAT CdZn Ni 78 H RS & 8 RIE S
B R ILIE . Bk, SRR AR L, £38m
HAET 4 Cd . Zn Ni 3 Fi & B MIRAIESEA
FRAEAEAT JL ] e 34, B R 13 Cd  Zn (NI 3
DARRE M aRIE ATE XA TR, B ATV A8 4 s A 3
(RGN, AR 85 T A LW O, T o Ll B A 4
i, AR BRI A B AR A B R R, FLAE A N A
ARy K 80. 07% (73. 76% Fil 153. 14% 15 I
T ARZRANR 20. 28% 36. 54% Fll 24.56% , ff |5
FU B S R ARG o 3k e 7B AR IR0 T 55, 2 Ui ke
A ESRIMNEE LT, g E SR A
B, Bt 70 2 (0 388 0 0T R B AR Ak, T 22 11 1 ) B
PeolE A S AR WO B A — R PR R 6
HE— VB FR G T TE (AT Y 5 T R B 2 i M 5 11
UEAh W B LR 3 A4 B A TE S L R BT L TR 45
FIRAA T, I sC S MR ER L 45 A SRR T &R
IR BRH R Y 2 Cd > Ni > Zn s 846 E AL SRR DL 45
G AXAFICER BT A Ni > Zn > Cd, 0] X
SRITEALE TR/ IMK U Cd > Ni > Zn,
TS 1 FER | Pk - AR O 1) 4 T8 1% M it e —
ﬁ[zs] 5
3.1.1 Cd 22 d ey Ao s

HI Pl 1 ], g £ SRS Cd B s dm
AL R A A AR AR AL AR TR e R S
i IR X BEE AN 3G, kA A A
AL BT REAR, 28 5 R AL Co {8 23.63% , i H &
DURPIE S & f b Sk 3 b i) S8 4 25728 i o
K, CofEH 133.81% , H R gk ih H AL, Co {5
129.69% B FRER4E A S A M EE A B R R
B34 100.99% F173.07% o 254 A%
(XA F2R 2 oy 100505 ) (A (6P T35 2 Hp I
IV,V &) & (X F3 2 # VI VIL VI 54 ) 3
Fi5 e Ko L 2 BT 7EJFUR v, sk i 2 Cd 2
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Fig.1 The concentration tendency of five forms
in different levels of Cd
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Fig.3 The concentration tendency of five forms

in different levels of Zn
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Fig.5 The concentration tendency of five forms

in different levels of Ni
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Hi50.47% ., B BEE 3 05 034 m, it 4 A Bl
W5 353 TE R B M i /L | G b B I 2 2 B
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Fig.2 Percentage of different forms in total amounts of Cd
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Fig.4 Percentage of different forms in total amounts of Zn
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Fig.6 Percentage of different forms in total amounts of Ni

7:CAB >EX > RES >FMO > OM; ZE & A &K FEF
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3.1.2 Zn EXEPUB AN

Pl 3, e R £ P SRS Zn SRR,
BHIDEE A SR RS IRZ  RERER S A&
i/ BEE TSI AR, £ TR A m Y S Y
KEH, S MBS HEMZSF REMKK N EX
(89.61% ) > CAB(89.50% ) > FMO (85.56% ) >
OM(76.43% ) >RES(36.54% ) , kit 25t AR 5
R EEAR SRS /NI o T 4 m] e JRUIR b Bk T
Ao HIED FENAEIEX, LM RN
66.54% , LU BN, A B MPA AL S
PAS AT A2 428, A E 2R U0 300 Ry 16.21% (14.90%
1.21% BRBRER 455 AP 7 el Ky 0.47%
W25 S I B2 A 2 8, R A 0 i R B S A 5 T
LA KIRFRES A7 B F LS B Z A7
Y BC R R R A, o B AR A AL S T L R B
EHIN, Zn TR ALK EIKE T & AR & 10 5
Tt ZHE Z K :RES > FMO > OM > CAB > EX; 7EH1 .
EFIEKSE R #H : FMO > RES >0M > CAB > EX,
SV, S AU I B A B, 4R Zn ()
R A U HIE R E AL SRR A5 A B o5
et O AR A Bl A i AR AR B g /N, B ] 2
L B
3.1.3 Ni X3P eH AL FBHIE

S, AE AR B, BRI S Ni & s RAR R
B, B AR K /MK R . RES > OM > FMO > EX
>CAB, B BINGE 3E I, 25028 & W1 2 o
KA MBS & & M2 S R K  FMO
(97.63% ) >O0M(81.64% ) > CAB(79.82% ) >EX
(37.47% ) >RES(26.13% ) , g4t B AL 25 5 H AR g
IR, TR A B i AR IR B /N o H BT 6 Wl 76 Uk
+, RS NiJE R EE A, 2R

ZEE A MR ST, oy e AR By B 150 63% |
14.40% 9.53% , Wk PRI 45 & S 5 e Bl e 2>,
4.48% . BEAEUSINVR FE B 3G &, BRIEAS AT S S 0y
P R FCH A, e rp ks 245 2 kA 34 s Bk A Ak
B RBERE ST MAIDE G SRR K
s Hrh B AL e R BB E R, Ni TR
TERA K T & AL S T R B RN
FMO > RES > OM > CAB > EX; e . EFI =K E T
15 FMO >OM >RES >CAB >EX, BV, Y
ShFLES I e e e, g NI R 4 b LLBR
AN F B SR AN 3 AR R S
JIT o LE B0, B A5 T o Ll M3 S B e B R e e,
AR AT R B/ o
3.2 Cd.Zn Ni fJ1E¥9HEHE

R A A YA R AR S F AT
EHE N IR 4B M R RSB SER L
() I AH DG 3 A A 22 08 20 81 H 43 A, S5 SR 0L 3R 3 il
#4,

H 3 3 AT, 7E R EPE KT (P <0.05) , &
N BB Zn F1 Ni B 5 A P R A L R A
EAAASCOCHR, W] HHEhIRIE A Zn NI JEACNBE
UERHN S ISR o TR AZ 4 A Ni A g3 e R 4K
FEA R DAL Ni it 52 W I A DG OE &R
X AR Z 058 A Y RS i 5 ] A i s i R
FIEMSEMLEIE 2 M X AT A Ni ZE4% +
PR S oA AL, BRIV BB 5 70 5 A9 38 hn, Ni 7 ] 58
ST 5 0 LB M AR DG, T 3 v TG R A )
AT RE A TR B - R R AR A AR RS 14 Ni Ry
WS B P St 2 114 DR 3 JS AR, WAL T o8 754 B 22 4 ]
A N AL O B A2 Nig A1, 5188 b &3
frxf Cd iyl 5 T3P HIE S B R A TG

FHN 55.95% U AN E & 75 R AL

BEMRKR XA

ab =

REJE I Cd 7E] 2 M HRZEFRIZE

®3 HPEMETMNESESESTEPERTSESRE NI REH pearson HXRE

Table 3 The pearson coefficients between the concentration of heavy metals in tissues

of Daucus carota and distribution coefficients of forms in soils

Cd Zn Ni
FIRIDS e i e i e i
EX -0.181 -0.609 -0.295 0.091 -0.803* -0.804**
CAB 0.487 0.432 0.816 " 0.620 " 0.724* 0.175
FMO -0.364 -0.674 0.781" 0.644 0.826 " 0.829 " *
oM 0.366 0.574 -0.171 0.083 0.674 -0.218
RES -0.020 0.450 -0.737" -0.641°* -0.832* -0.789* *
EX + CAB 0.1 -0.312 0.771 " 0.640 " -0.699 * -0.846 "

e = FORBEVERFP N P <0.055 + = FoR BEMKFA P <0.01
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M- P T g 2 B Dy A AR R O T 4
T WA AR — e R I L , B A A AN HE Y
MO X, 1A, — S ge 45 51 W Cd Zn JC
RZAAFTEE SEPUE I, ik £33 b Cd i3
PR ILTF U R AR AR AT 8D XA 15 T
PE— ARG

A1 4 Al A, s P AP AS Zn X8
P ZE NS IR Zin 5 TR R A ) i) e 1 R
ZEAASMYER A . MXE Ni JCERUE, AT b
A B M T R B R R R AR AL RS Nio XA
LR RN 2N e 3 rp Zn Ni TR 2L
PAR AN ERAAEIE A, Bl 8 b gl

B A S o R M FUES: ™,
K7 NER AT GRSl B O Ry = SR I )
SEHRAS D 3% F 73 WA A R] RERE R TR 25
JIr A0 R R ) 2R 253 A, AR S B S —
ST 0 25 A 1 A R T 50 R ALV 0
H, PR IEEE &R Z AL T —Fh AW 1 5%
Mo REER I A P A, m] R o AR OB D i K
SR RS LR PR B 8 4 A 2 R 75 o e A
SMIREL G R a T, AR P 23 1 ) F) S AR 2L 8 B
AR 2 FEURPR b Ph Eh DL PLER & # A&
162, H A IS A B ER Y k L T
AR B 1 B4 i a0 Tt LA A i

R4 FARSEERAEFEXNAE NRKESBENZ S EADTER

Table 4 The results of multiple regression analysis between the concentration

of heavy metals in tissues of Daucus carota and distribution coefficients of forms in soils

EeRLE Ewe A=y F{H R
HeZrh Cd - _ _
cd
2Ent Cd - _ -
, Hizh Zn Yoo =8.213 +18.650X 7.971 0.816*
n
22mfh Zn Yoo = —44.229 +0.744X 10 19.177 0.856*
\i HezEdh Ni Yoo = —23.336 + 1. 140Xy, 8.98 0.826**
1
250 Ni Yo = —38.623 +1.549X 1y 13. 167 0.829 % *

T+ FORBEFMAKF N P <0.05; + « FoR W EMIKTFH P<0.01

4 2

(1) JFUR 4 Cd Zn Ni ¥ LAFEE 1 5% i 25
T RAEAE  WEE nT VA4 B AL B R (3, AE5R A 35
SR BT I G L B AR TR S A
AFAR IR H A K, 336 26 A AR S 36 o S 9 el 1 + 39 A
T4 BRSNS YR, AL 4R AR R AR,
IS FR AT LA A W A ) P 25 Y A ] A S TR
B, A IR 22 N e P 4
J& KR LA T T 3 ] 5 A 00 TE A
AR RTE

(2) TEARFRWEREKET, =f4EeE+t
BT S AR AR KO T, 4
SR A Cd . Zn ILHIE LS, B AL Ni i #
B PR KCOE TR B A Cd N IR BIE A, £k
BHAEALAS Zn Ni IHIER  m AR T, ol 28
A Cd AIEBIBZS; b AL Zn Ni [ 0L HIE
A5, X AIA WU & R s 1+ I S 4
A —3L

(3) ERFRAA T, W WS MR RS &

BRAFITTR BT Cd > Ni > Zns BRER AL
SN EE G SRR TR 1Y W% B Nio>
Zn > Cd, PEHIX 3 Fhoe 2 76 G YN 1 1 3 v 0 3%
FKAMER A Cd > Ni > Zn,

(4) HEXG HIE P RIES Zn XFEH & P He2K
FNZE W Zin S5 BTRR S K0 0 Bl R BR IR R 45 5 45
GRS . X Ni JTZORUL, R | 2% BB AL
W BT Rk R R R B R SRS

B R EAAFRE R EFEROALSLRAL
B R E A M B 7354 T 0 K 3 )
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Experiments on Speciation and Bioavailability of Selected Heavy
Metals in Arid Oasis Soil, Northwest of China

ZHAO Zhuanjun, NAN Zhongren, WANG Shengli, LIU Xiaowen, TAO Yan

(Key Laboratory of Western Chinas Environmental System( Ministry of Education) , College
of Resource and Environment, Lanzhou University, Lanzhou 730000, China)

Abstract; Using the Tessier A method, the three chemical forms of selected heavy metals were determined to
investigate the speciation and bioavailability of selected heavy metals in arid oasis soil-plant system. The findings
showed that the chemical form contents of metal Cd, Zn, and Ni mainly existed in residual fraction in untreated
soils, while in treated oasis soils those about the exotic metal Cd, Zn, and Ni were found predominantly in carbon-
ate forms to element Cd, and Fe-Mn oxides bound forms to metal Zn and Ni. The passivation of these heavy metals
in oasis soil fluctuated smoothly and the activity order of selected heavy metals was Cd > Ni >Zn. According to the
results of regression analysis, it was found that CAB-Zn and FMO-Zn made the significant contribution to the accu-
mulation of metal Zn in the tuber and stem of Daucus Carota, and FMO-Ni to the accumulation of metal Ni in both
tissues.

Key words: Oasis soils; Cd, Zn and Ni; Speciation analysis; Composite Action; Bioavailability.
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