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Speciation Characteristics and Bioavailability of Heavy Metals in Oasis Soil

Under Pb, Zn Combined Stress

JIN Cheng, ZHAO Zhuan-jun, NAN Zhong-ren* , WANG Sheng-li, WU Wen-fei, WANG Hou-cheng
(College of Earth and Environmental Sciences, Lanzhou University, Lanzhou 730000, China)

Abstract ; Pot experiments were conducted on cole ( Brassica) grown in oasis soil under combined stress of lead and zinc, to study the
effect of heavy metal combined pollution on cole growth as well as the speciation conversion rules and bioavailability. The result showed
that the promoting effect on cole growth was shown in the low concentration treatments, especially on stem leaves. With addition of
exotic heavy metals, the main speciations of Pb and Zn in the soil transformed from tight-bound to loose-bound forms as compared to the
control, and the bioavailability of heavy metals was increased. And, the exchangeable Pb and the carbonate bound form of Zn were the
major contributing speciations which were absorbed in different parts of cole. What’s more, the capabilities of uptake and translocation
of Pb and Zn by cole were stronger at lower stress levels, and the enrichment and migration coefficients decreased with the increasing
content of bioavailable fraction of the corresponding element or the coexisting element. In all treatments, the Pb concentration in the
stem leaves of cole exceeded the food safety threshold, therefore it is recommended to conduct detection of relevant indicators before
planting foliage vegetables in this kind of soil.
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P A W) A IS ( Brassica campestris L. ) | i
HEMRKRER G SO FERT AU A & Rl A 5k
TP -2 ). A A3 ST G S TR XA A Y

2RI 13 RAEBEZ A9 0 ~ 20 em , FEAS BEAL P 5T
WL FRERALSE I 2 mm G 4238 2 KRR &=
HAERE SR RERERIMA 1.5 kg T2 #E2
WALER ASE 2 . B 3 P17, ik
i b 5K Sy T ()R K B B 60% , P74 2 d s %
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Table 1  Basic physical and chemical properties of the test soil
s LT CEN Hias s Pb Z
J e oH ) J;] iz i k%?)d’ﬁi;g | n y
/g-kg /cmol -kg /mg-kg /mg-kg
Y e 8.16 15.59 5.64 8.1 22.3 62.97
F2 #iktiESR Pb 5 Zn R IER EIZIT/ mg ke !
Table 2 Concentrations of lead and zinc in the test soils/mg-kg ~'
JLBL] TSO TS1 TS2 TS3 TS4 TS5 TS6 TS7 TS8
Pb 0 75 150 225 300 450 750 1 050 1500
Zn 0 50 100 150 200 300 500 700 1 000

1.2 7k

B AT A BT, pH( KL 1:2.5) |
BH B 7 Ac # b | 7 BT R R 56 14 00 52 Ty ik DAL - 4
P2 T 3 Ph ., Zn JE SR
Tessier FELEARBGE 2| 5 FIE BRI N . Al 35
B(EX), M4 54 (CAB) . B ALE
(FMO) . AHLEEEZA (OM) FIFk 2 (RES). MY
FEARH HNO,-HCIO, 5 (4: 1, R8I TR R 1
A%, 3R R HNO,-HF-HCI0, 2T s #ub_ |
THAR. ARG T AR 0. 5% ROFR AN R 2 25 2 50
mL 255, 2k F 2E E Thermo Fisher J& T W UG 1%
{ SOLLAR M6 MR i Ph, Zn &5, JFES 0
GBW 07401 (GSS-1)#pif +A£F1 GBW 10015 ( GSB-
6 ) FEW b HERE AT BT s 45 ] [m] IR R 25 1.
T A il JIE s o (L T PN, ) 25 e (AR T

LRl
L3 BlEa

¥ Microsoft Excel 2007 F1 SPSS 19. 0 X} % &
HATB 0T, R Origin 7. 5 #4744,

2 HRE5H

2.1  Pb-Zn & A Wre X8 A 9 (0 5 0
FE A= Wy 0 AR Al 2 I W T 4 R 3 XA A
KM A B LR R 2 —  FHY T 5 W B R AP
B MERAAL T EBE Ph-Zn B G A K SRRk
DLZ% 3. Rl AR R T EHEF A TS1 > TS2
>TSO >TS4 > TS6 >TS7 >TS3 > TS5 > TS8; ZE0fF
FHEF N TS1 > TS4 > TS2 > TS6 > TS3 > TS5 > TSO
>TS7 >TSS, YLK Ph | Zn XA KA —&
L FERL N, H 250 KA R FAR &

®3 WRTEMESHEKFHENL g

Table 3 Variation of cole dry weight with the combined stress level/g

it K- TSO TS1 TS2 TS3 TS4 TS5 TS6 TS7 TS8
LEE 0.79 1.01 0. 96 0. 60 0.71 0. 60 0.63 0. 61 0.55
EX0 8.71 11. 49 10. 87 9.36 11.30 8.82 9.61 8. 14 7.87

2.2 JSRAEA Phb. Zn B E A

ASFIAE RS IEER N Ph . Zn 548 5 2 A
Wk 1R, AR R 2B Ph Zn R
Ph-Zn 5253 W38 7K F- Y 3 RT3 K TRl — 7K SF- ik 2
PARER Zn FEPNTZEM Zn S8 KRR Pb T i
O R B R T2 R A SE S AL

2.3 HHET P, Zn ERJRIESKE B S
FFAIE

IR R AL A AR AR R 0 R BOR R
fiE, B s rbiz G L S SRR el A A%
FEASTE G B A AR & B R T BR B A%

T2 A O o0 % e T RE A B A
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Fig. 1
FESTE A £ 0T A M4 7R PR 58 75 e X £ 58 1 o
%“ﬂ A A TS B3 Ph | Zn KBS

Fr AR R ILIE 2. W3R 3D 4 R AN R
MEI’J”’r SEZREL, Pearson tH RELILF 4.
M2 AT, X R A3 rh Ph | Zn JEZS 70 A RE

Content and distribution of lead, zinc in cole under different stress levels

LA H RES #7255 CAB il FMO.

M4 A, Pb, Zn £ IS, EX XA A
oty 3 ] 7 5 BE A K, HoUR & CAB . FMO A1 OM,
RES # /N, CAB fll EX 43 Bt & 0% i 3 K, RES
%“é;@?[ﬁ& OM Z i N EFaE. Pb fE 3%

?ﬂj,Pb;RES>FMO>OM>CAB>EX- Zn: RES > RES 55 A WA oK o WA A, KR IE
OM >FMO > CAB > EX. 33 EE@T—R’T M e, Ph SE BN RN R FEMC; Zn /£ P ER RES
Zn I FERAFIL AR RES,EX & BRI, B %,,mt\ﬂ&,u 5 A D 38 K T B
IR EE RSN, Ph | Zn fEMK LI g EE AT E M.
N RES EZXOM E=FMO FZZ1CAB EEEX
100 100
80 - = 80 | i -
B 60 | B g0 |- g = =
% % «”" 'l EEE o :
L 7 ¥ £ E - -
& 40 - g ? ¥ 40 + EEE % % % = E
2 Z BB § E = £ & 7
2 7 SN 7 72 U 7
20 L v 0L E B 2 U U 7
? HEEE NN
0 z 0 E E é é é a é
TSO TSI TS2 TS3 TS84 TSS TS6 TS7 TS8 TSO TSI TS2 TS3 TS4 TS5 TS6 TS7 TS8
Pb-Zn% & A K F Pb-Zn% & A F
B2 FEMEKTTLED P, Zn BETWEE
Fig. 2 Speciation variation characteristics of lead and zinc in soil under different stress levels
F4 TEFEEGEARARSHER R, Pearson HXRH"
Table 4 Variation coefficient & Pearson correlation coefficient of different heavy metal speciations in the test soil
- . TG R FIES
1=
Hiks LR EX CAB FMO oM RES
Ap 5 E R Pb 176.18 111.80 82.80 78.23 21.83
Zn 118.24 112.11 87.09 52.14 35.19
A G- AWk Pb 0.942% " 0.978"" 0.950 " * 0.902"* 0.770°*
Pearson Hf15¢ 4L Zn 0.951"* 0.982%* 0.958* * 0.845"* 0.086

1) * *FR P<0.01; *3Fm P<0.05



5 BWAE: SR Pb-Zn G WA N G R IE SRR A E YA A 1873

2.4 +IEF Ph Zn AV RE
2.4.1 Pb, Zn TEHEEARIERA G5 LD HES
JRAMES TR LR

Sk BRI SR AN [ B 0 T 4 JE i 5 4 Ph
In SRR RMICR Tk XTI SEAS [T 7 W
DUk R E A B IE A 38 1 3% 45 [ A 5 B 45
AL FE R 5 .

FFE S AIA AR R | 250 Ph i g

Ph-EX (] 2225 Ph) 4% i 2 AH G I Ze PRI B
FE TSO ~ TS8 Jifpit K- rf SRR &R | ZE0F A9 P &
S I Ph-EX &3S inmig i, AR &R Pb & i
(ARG N SE G R 25 v Ph & S s s
WA 0 Zn &85 1 Zn-CAB (IRIR R4S &
A Zn) WD A G PRI BIFE TSO ~ TS8 i
A SRR R ZEM Y Zn F i B 13 Zn-
CAB % 2t (1 3 Jon i 1 .

R5 HXAEMUEEBRXESLES Pb, Zn ERSEENER S EEFHHY

Table 5 Result of multiple regression analysis between concentrations of lead and zinc in different

parts of cole and concentration of different speciations in soil

SRty PR A% i 2 A Il H 7 W R F
HZ Pb Y =120. 016X, +87.819 0.741** 24. 166
WA AR ZE0} Ph Y =7.011Xp +5.635 0.801** 33.296
WA Zn Y =6.873X., - 12. 085 0.818* * 36.970
ZEM Zn Y =6.727X,p +8.727 0.841** 43. 447

1) = =« {83 P<0.01

2.4.2 Pb, Zn WY E S HRE

TMSRAE R — 2RSS B 3, Hott B3R 3 T ik A
Mz EM, H Ph, Zn TEMER NG & £ KX
Pb . Zn MIMSEAR FB 1) bbb 355 50 (%) B B 4 B4 52
ma BN K S A A e, s I AT R R
4R & % Z2 %0 bioconcentration factor, BCF) Fll%
# 2280 (wransfer factor, TF) 435l 3 Jz WA ¥y %} & 45
e A B Y e AR N 4 R e b O RS BE O Y
SR 5.

MR R G h E e R S RO R
Btk (£ 6) M, ARIE G HEKFET Pb, Zn
(¥) BCF {H, TF {H34/NTXSHRZE. Pb (¥ BCF {HHF)Y

®6 TE-MXRETESEEERBUMEBRYSITY
Table 6 TFs and BCFs of heavy metals in soil-cole system

and their statistical values

BCF TF
LERSS Pb Zn Pb Zn
TS1 0.49 0. 74 1.65 1.30
TS2 0. 47 0.58 1.05 1.31
TS3 0.49 0.45 0.91 1.07
TS4 0. 41 0.39 0. 82 1.17
TS5 0.38 0.38 0.79 1.32
TS6 0.31 0.26 0. 63 1.13
TS7 0.31 0.23 0. 61 1.02
TS8 0.30 0.21 0. 54 1.02
B 0.49 0.74 1.65 1.32
/ME 0.30 0.21 0. 54 1.02
F-HE 0.39 0. 40 0. 87 1.17
Xif 0.61 2.38 10. 31 1.38

1) BCF =il LN EER SR/ LHEELSE S E; TF =
A E AR S/ Y R E e R i

TSI = TS3 > TS2 > TS4 > TS5 > TS6 = TS7 > TS8,
TF {E Rl 52 A 0 7K 34 ik /. Zn 7 BCF {H
Bl 2 A5 TR 7K S 08 38 T 98 /0N, TF B AE TS1 ~ TSS
IR T TS6 ~ TS8 /K-, Horpr TS2 Abfe K, 7 TS6
~TS8 7K TF {i it 38 7K - 18 Jin i s ).
2.4.3 Pb, Zn BUCK M HAEH

BEBERHRET , EMITEAEEDIENNE
LEMAMUZRNICE A F & &, RSN, [F 5
W37 3] H P A A TR . ASFESTERBE
& H AR 5 R BRAR P 0 A9 22 5 1 A7 76 X 1, H B af
WL TCR A B AFAE— 3 1 R BR M, = ml gk i) 3
ik, AN[RE2S B H 4 Ja 7E e R PE N A= W) R 3 0 Tl
FEEZES RES LSRN K NAZ EH &
& JE LR A WA RS (bioavailable concentrations ) iF
Bk, o T EY E 4 TR DL EX + CAB 8
AR ARIEZR A M5 RE, Ph | Zn 1 EE
TR A 2090 EX . CAB, R HAVE Y 4 55 4 F0 T
BAHIESAS 4 R AR WA RS G 38 2o ) 2
BEFRIRUR A T B TR BB PERR T

fE%) BCF | TF Ffi L 3Erh 4 8 A YA S &
AR B 2B 5 Hris A8 s (A SR DG Y AR L
PEI R

Yucecmy = - 0.044 InX 0 + 0. 606
(R* =0.836, P <0.01)

lnYTF(Ph) =-0.414 hIX(Bin-Pb) + 6. 205
(R* =0.977, P < 0.01)
InYyepzm =—0.412 InX g, +2.028
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i

B 2% 36 #&

(R* =0.976, P < 0.01)
Yirczm == 0.057 InX 5 + 1. 398

(R* =0.538, P <0.05)
K, BCF(Pb) \TF(Pb) | Xy, 73 B 3%
Pb (W EHERE S iTRERE A L3 P (A K
A3BCF(Zn) JTF(Zn) | X oz 7 HHCFIHZERT Zn
R EHERE S | R RE A b Zn AR RS

R LUE IR SEXT T P, Zn MR

£ | BB LI RN TR A YA S E R R
T/, ZEWATEERXT Ph . Zn B2 3% 0 K
FEFIEASN . B4 EmAWASES & R IR
P2 N E & R T R 20, WK
YRR E LIRS IR SR TR
B ZEEZR UL Ph, Zn EYIBESCESEE N E
AR A3 LA EE Zn | Pb %) BCF, TF /E R RAL &
RN FARSCH ALt e

Yyercpny == 0.055 InX 5, +0.618
(R* =0.875, P < 0.01)
Yy, =—0.493 InX 0 +6.484
(R* =0.947, P <0.01)
InYyepzm ==0.339 InX g, 0, + 1. 897

(R* =0.966, P < 0.01)
Yipcm = = 0.045 InX 0 + 1.382
(R* =0.498, P < 0.05)
1, BCF(Ph) (TF(Pb) | X, p, 23 0 AR IS XS
Ph W EAERE ST | IEREAE S A 3P Ph LB 2K
& ;BCF(Zn) [TF(Zn) | X 5, 73 9CEMZERT Zn
M E SRS . TR RE SR e Zn BRI RS
R R T LA SR T Ph 5 Zn (Y5
% | IEH RSB LR R SR TR WA RS
i BB RN , RWIHSEXT Ph | Zn (IR I 2
FILAFTTR U BE IR 1Y ).

3 g

Ph-Zn IV M KF T S A KA T X IR
EMERBR TRER, LWL & Jmou =0
HL LR —E B PR, ELARX T b6
WAV B4 S i B 4% B, 52 8 R T
BEsE T By, EAREERE, KK P E 4RI
2R UURHRRER A 200 0 22 148 UL AL ] REt 2
fe R AR B 2R 4T TG 0 B 9 5 50T
AL, IR WIS E AR

WEARAR | 2500 Ph & R BE Ph-Zn &AW
RS TE R  AR ZR Ph 5 8 A i 1 A KT

2L HARSE SR, R SNE Ph B98N, f22E T 33
Xt Ph 9 & S, 15 Ph 7EIM SR N 1] LT RS g
5, EEERR BB XTREEH A Pb AR E
Rt B fE I B AL, kR L) A Y
BOE AR Wl R eSS A, AN
F 2 B ECHEBHEY Ph ) 3 b3 07 ok — 25512 | IR I
AR R BN AE P ORI A B P B 32 B
SRR AR . 2500 Zn FEBE Ph-Zn &G Wit K
SRR IR K, 25 Zn HEHRTARAR Zn FH
XULIASMIE Zn BIBOIN, A2 2E T IHSEXT Zn 1) 6 42K
W, H Zn FEISRAR N EE RS BE 15008,

AFEEKFET Ph, Zn £ EH  EX XA
Jofp 3 e 1 588 e K, FLURJ& CAB ., FMO 1 OM, RES
/N, H Pb, Zn 7E B 3EP B FE MR AL S B RES
AR R CAB F FMO, 57 FXT R+ 3. +-4 Pb, Zn
JEA i (RES BRAL) 32 215 4 Wi K7 i 5 %
. X ULIHAMNESRAN Pb ., Zn X 3R R SR
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