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Effects of Cd-Ni combined pollution on the growth
and absorption of cole in oasis soil

XU Shenghui NAN Zhongren"" WANG Shengli HU Yahu WU Wenfer
ZHAO Zhuanjun WANG Zhaowei
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Abstract ; Effects of Cd=Ni combined pollution to gray desert soil in the oasis region on the heavy
metal speciation and bio-availability were investigated by pot experiment and Tessier sequential
extraction procedure with cole ( Brassica campestris L.). The results showed that the activities of Cd
and Ni increased with" the increase of siress concentration when the soil was contaminated by
exogenous Cd-Ni. Compared with the controlled group, the main fraction of Cd was carbonate,
whereas the main fraction of Ni changed from the residual form to Fe-Mn oxides. The growth of the
cole under Cd-Ni combined stress was initially promoted and then inhibited. The contents of Cd and
Ni in different parts of the cole increased with the increase of Cd-Ni combined stress. Cd was mainly
concentrated in the stems and leaves of the cole, while Ni was mainly concentrated in the roots. The
enrichment coefficient of Cd in each part of the cole was greater than 1, but the enrichment

coefficient of Ni was not higher than 1, indicating that the accumulation capacity of the cole to Cd
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was greater than Ni. The translocation coefficient of Cd was greater than Ni, which implied that Cd
was more easily transferred from soil to the roots and transported to stems and leaves of the cole. The
bioavailability of Ni was lower than Cd. The most important fraction of Cd uptake by the cole was the
carbonate. The most important fractions of Ni uptake by roots, stems and leaves were organic and
exchangeable, respectively.

Keywords ; combined pollution, bioavailability , Cd, Ni, enrichment , translocation , gray desert soil in

arid oasis.
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JE AR, [l PN Ay 38 00 i S 4 TR 15 Qe T e e 2 | 2 A P e B — SN B R e R T B S
4B RS B ARRRAE | HLZ2 LR I e DX R TR IR VR AR XA AR X 4 S 5 E AR F R AT
AR, LB R GAFAEE B A2 O R SR MR SR B | B S A
2 E A ERAETEAS 5 4 vk 3 25 4 VT 5 0 5 S X 4 (Wi ARG S A i) A S S R B
FF I R 2 SRR ], e A R IS AR LR A R R AEY  BEZ LR E A1
FICR TGP AR YRR 4 s Il AT S g A 2t

TRX R UL TR A AR = 1 2 R A pHRy A PR & AR, s 55
R B T AL O Tl AR A IR, T 5 DX i PR AR P R K Tk =R
TEHPHECEIE D LT — S R RE 1 T 45 i i e, Jad i DX el B T 0 75 ) K i R 4 ] K o e
Fl, Ay 3 32 O I A FT AT 58 R B DX 4 k3 Cd A N 5 7 B 0 X M A 2
PRUESS C IR IR EE A T5 S H AR CAE Ni S —T5 Gl PR LB i %t Cd-Ni &
3 75 AR B RN T BT T R IXER YN A 1Y Cd-Ni A A it 5 s /b

ARSCLAGRAR T 2 N 39 (i 8 DA Sl T 21 TG S i A —il SR B ) R 9T T Cd-Ni
AT T TR X AR - R W) R 58 P H R IR S A SO S S ML, DU 5 X2 A FH 4
BT T Qe B in TAR SR IR A A B .

1 BS54 (Materials and methods)

1.1 Ak

PR A R B KT IRAE S P A T IX, TR g JE + ) e BR Mg AE TR ™ A SR AR RAEIR
0—20 em.REE AT IR SEE % J5 AR, BIER 4, FEM R AT 1 kg A B e 0 2 mm JE
75 03X - R T, 5 48 DY 403 0 BRGH  H RERIF S 3 0.149 mm JE R I 1+ 18 5 4 7 i, 0L
AREACMETT R . pH=8.16 , A ML & & 1.54% , Rk & & 5.64% , FHES F 3¢ # i 8.10 cmol - kg™, Cd | Ni
BT 5 A B 0.55 .53.86 mg-kg'.

@Eﬁtﬁz%jﬁ{ﬂﬂi( Brassica campestris 1..) , PP E ST R 28 &) AP LR R R A T , LBr K
B AR R T, 45 S b R S
1.2 st

15 L BE AT R 438 5 RS - O T3 IAEE BT B R UE) (GB 15618—1995) — 4 b ifl ; @57 X1 [T
R 5 YeRBL A D AR Cd NI IR MR (VB B RR) ARE Lk H B4R
TS YRR EE RN 43R 8 TG YLK I BEXTIR L 1.

FEAACA U 3.0 kg 58 #5381 QIR EE 43 314 Cd(NO,) »4H,0 \Ni(NO, ) »6H,0 %
TGRS HARHBEBRE , W A5 Y 13 0N 5 ¢ S T AN A VLA E FRon R FE 5 (£
i Cd &8 0.10 mg-kg™  Ni KA H A HLTE S 24% , 2 (N)0.7% ,#; (P,0,)0.45% , 41 (K,0)0.4%) ,
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IEH T RE 2 D H S EEACEIRCE 3 A PAT B A DX R K (K Cd S 0.22 pg- L7,
Ni ACKE H ) FEAN i 3B IKR A 66% , 5 H R SEBR 5 K R AT R RIEORFF S AR 4 d 5 S AN 7%
AHEERNF 4K 7 d S5 UL, 4558 4 ML, R K 66 d I, RAEAY R 1 S30RE 5 A A AR R AR 1]
F K e T 5 P 25 B Tk R &2 vh k. RHERE S AR T S 4 100 B @ Je i, AU 43k 50 ¢ 1+F
HAEPIFE i 105 CATF 30 min, 75 CHETZEE, Fri , By, i 60 B e bt H.

1 AR Cd NI BTN E (mg-kg™")
Table 1 Treated concentrations of Cd and Ni (mg-kg™")

AL BE7KF- Treatments TSO TS1 TS2 TS3 TS4 TS5 TS6 TS7 TS8
Cd 0 0.35 0.70 1.05 1.40 2.10 3.50 4.90 7.00
Ni 0 60 120 180 240 360 600 840 1200

1.3 il

38 pH A YT AR AR P S HOR T SCHR R T b 7 vk 0 R AR A b A A 4y IR
HNO,-HF-HCIO, =& Hl GB/T5009 7 (1) HNO,-HCIO, 1R 4 R 1 17 2B, + 4 8 4 JB T 25 R ]
Tessier TLAETE HE AT $2 B, 4K $2 BUE 3R 1T 43 Ry W] S8 #5045 (EXC) | Bk R 5 45 & A (CAB) | k46 Ak &
(FMO) A HLEEEZS (OM) MR 4 (RES) . 5 4 @ v B I3 >R R T W Wie-A7 52 56 3% 42 ( Thermo
Fisher, SOLAAR M6) #4710 E.
1.4 il

B4R GBW07401 ( GSS-1) AR+ A . GBW10015( GSB-6 ) An At )AL 47 0 & 1 ), AR vfEAE
At G IELSCR AR AE 90%—110% . 2560 AT RE Ml it i 2= Hsshle 5% LA PN A rh T FH 550 24k 11 4 4.
SIS B B RS LY A SRR R &2 ks |, F 10% i8Rz i 24 W5 F 25 3 K ik g
1.5 Fduaba

K H Microsoft Excel 2003 #4T8l Ge i F1 I 2 il , R FH SPSS (A 18.0) H' one-way ANOVA 75
TS BRI T 25 5 0 E AT

2 5 51718 (Results and discussion)

2.1 3 Cd Ni IS AR

4 a9 A YA SRR R AN 37 T 4 B e A S ) [ R 37 T 4 1) T AF T 25 AL 7E -
3R] P it R A R 222 A T T e S e R 4 S s e ot R A ot 06 R 4 i 40 i AR AR
(B R ) SR A W) SR 4 J3 it v) + 39 5 4 SR A7 IR AS i s i

XFHR(TS0) Tt €d (Ni IRAFIE S22 8K, H F 2 K Ry . Cd  Ni B 1 i fk 2a PR i 25 ek Bk
FECHLE B3 A A 1 2R AR Cd 2B B 53 A RfIE A CAB>FMO>RES>0M =~ EXC, Ni 14k
RS A RHIE N RES>OM>FMO>CABSEXC. JFUR 38 Cd Ni 4351 2L CAB \RES b FEMAFTEA,
Y Ni B9E PR Cd Ik RS+ Cd N 5TE S B BCIE DR E AN E A5 59 Cd Ni I8
T8 Cd Ni BSR4 T B E k.

A L A, B ANIE CA-Ni BRSBTS N, 3 Cd A28 & w8 i, H e LU H oM Al
RES 4K s RS . hIE S50 Be R A AR (bt R L8 Cd BB B4 T 284k, EXC |
CAB .FMO ,OM RES 78 5% 20509 121% 93% 93% 69% 46% , W A1, Xof #1 FLJilh 360 58 B8 0 1% EXC B ok,
RES S/ RS B EXC 43 Be R B i, vl Rg 2 B oy SRR X Cd i i Bt e i , Cd
T 3 5 E 5 ) R B A MR A R T P A R — PR S R At R BRI S B A PSS AS Cd BT L A
AR .Cd BIRRAFIE A LA CAB 3, Hor B R BOK T 48% , I Jesi G v/ N EXC 143 it 22 $re Fr et
K. FMO ,OM F1 RES [ 43 e 22 B0 76 RS20/ N 2 M AR AR 85 50 56 25 A5 50, Cd 18 RS 1Y & 38 1
51%VI 1, TST KRR 71%. 1 UL AN Cd A 3585 5 0K 38 A4, Cd TG PRS2 T R, 1
T fa MR K.
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AL 1 ], iR 4 Ni SRS S A REE SN Cd-Ni [ I I T 38 . DA 45 T 285 1 23 B 15 ke
F AN AT ) Cd Ni A Al R Ni IR 2S00 A & 2R T B 3 A8 k. EXC CAB \FMO
OM .RES Y785 250533 73% . 11% 84% 69% 22% , FMO 1 )i} iz K, RES Wi )37 fiz /N H Ni FRRAFIE &5
AR DL FMO 3, A 2 0H FMO BRZE34 0, CAB 2214 i 2 2 2 /K . EXC 143 TE 22 5028 1 #a 34
5 Cd 19 EXC FHL.OM 7 3IA K, RES 1453 Be R BR8N EAAR NI 1A 81 & i 7E TS4 KPR
B KAA 18%.3X & T Ni TR AR ITE A8 A2 P55 SR AR L, Ni a] LU i [FE & 4 A
T T4 A A 0 s P sl W B R LR 7)) S FMO 43t 28 B8 i vl L, AR Ni ik A 3 S
JEOIR TS AR AL TEPEAS B TR, VEAE fE T PRI N (HE AN Bz Cd 33 S R R 520 Ni A R0k i 35 22
o pH™ AR I pH B TN AR PEAS R T R (AR A Y A R

~
1

B EXC @8 CAB BFMO OOM @ RES

—8— EXC 100 -
3 —a—FMO 80
—a— OM
oL —e— RES 60

40

20

Form content of Cd/(mg-kg™")

Partition coefficient of Cd/%

2 I =~ Ef|fE Efl
0
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o - - o | 1 1
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f=J
T

Form content of Ni/(mg-kg™!)

Partition coefficient of Ni/%
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o ] 2 2

f=J

1 Leh Cd FING A2 BRI R AL a3
Fig.1 Change of concentration and percentage of Cd and Ni fractions in the soil
2.2 Cd-Ni ZA75 QA AR AR
R4S FR LA A ], Cd-Ni & & Bl /K T B ey S T H L 2.
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2 SRR AT R B AL B B AR A
Fig.2 Change of plant height and dry weight of the cole with different treatment levels

YRR BEE Cd-Ni K575 Gk B2 nY 38 I =i 2% SR 0L A B2 R0 -1 F 147 52 30 s S 18 hn s sl 1)
0T HEAR R, AR R RN 2RI K BE AR TS5 K-k di i, 2050l F TS6 \ TS7 /K V- R i i I 8 1k 22 5 K
(] 2 oG R RN AR R K R A Y 25 KO RS R R ZE K B R (A
PEZFIKT) AR R K AL TS, TS3 22 7MW A EE (P<0.05) , 250K W] TS1—TS4 22 5 ¥R B3
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(P<0.05) ; 5% HEAHAS AR R AL T [ TS6 KPR MR 1k i P25 RoKF  HAR R T E AL TS3.TSS
ZRMEAEE (P>0.05) , 25T HEAE T A K22 50 838 (P<0.05) 25 1 8RB IR E /) Cd-Ni E4&
15 YL REAR SRR A AR TR B BE 1Y) Cd-Ni &2 A5 e XS Ax 18 VE i 1 idSe i 2B K Ui
Cd \Ni FEICHR B A 24 K PRV E B R T B AR, 3X S ARG RIS 285 A — 350
2.3 JhEEXF Cd Ni By

AN E KT SRR 2R ZE M rp Gy B (A hE ) QR 2 PR. B AR 2 WAL TMSEARER Cd
AR A 0.98—14.49 mg-kg ™", 20 Cd WY& B ARLIE RN 0.66—32.17 mg-ke™ . JHZEARFR Ni (1)
Er AR AVE R R 21.20—313.22 mg-kg ™', ZEMH Ni [ SR ARLIE R R 5.22—41.42 mg-kg ™' FifiE Cd-Ni
BA VYA RTINS ALY Cd  Ni & BEREZ 38 0. Cd 322 s R AEah s 25t v i Ni D) 2 2
RTINS ER. 5 XT REAH L Tl SR v Cd U Ni & 5 978 TS5 A3 i 3 i 25 Pk 25 5% (P <0.05) , i 25 it i
Cd \Ni 5030 7E TS3 TS2 ALK ) 81 b 2k 25 57 (P<0.05 ) . 3X — 25 R R W 32 22 SR Cd-Ni
26 Whaa B SR BURR e O R R AR R

R2 EAEAFRPEAKFE T Cd N 1975 5 (mg-kg™)

Table 2 Concentrations of Cd and Ni in cole with different treatment levels (mg-kgi')

]

Heavy metal

TS0 Ts1 Ts2 TS3 TS4 TS5 TS6 Ts7 TS8

Cd % 098+0.05a  1.69x0.12a  1.68+0.07a  2.45x0.29ab 2.66+0.21ab  4.03x0.60b ' 8.56x1.d1c  11.03+1.54d  14.49x2.6le
2t 0.66£0.03a  2.78x0.25ab  2.86:0.31ab  4.94x0.35b  3.73x0.19ab  8.44x1.10c 120,10£2.41d  27.30+3.00e  32.17:4.18f
Ni  MRE 21.61x0.86a 21.20x1.48a 33.28+1.66a 38.46x231a 46.02+3.68ab 74.43+7.44hc_98.49:10.83c 178.1332.06d 313.22+46.98¢
2t 522+0.21a  8.35:0.58ab  10.99+0.66bc 13.45+1.21cd 16.30x1.63d" 23.31x2:80e  33.13+3.31f 34.82:2.79f  41.42+4.56¢
T PR FI (AR (n=3) ; PRI IS 2 LU, AN 7 ORI 2 ] 22 52 35 (P<0.05).

Note : The data in the table are shown as mean + standard deviation (n=3) ; Duncan’multiple comparisons with the same column data are adopted different letters

indicate significance is at 0.05 level.

h T HE—2EWF5E Cd Ni ZEISRAR N & T R 0 2 53 1 S R R & 48 R AR B R BORH
B Cd-Ni EET5% T Cd Ni NI IR P 1 2 BRI, & 45 RECH MR Rl kb & 4 8 It
A3ES e I A JE R B A TR R BON ZE M T 4 i A A S AR A JE B A B L
B AWFFE Pl Cd Ni 1Y & SR BRI RS R AL 3.

R 3 ahEEh Cd AN BB SE R BT R B

Table 3 Bio-concentration factor and translocation factor values for Cd and Ni in the cole

AR Bioconiﬁiiﬁt ih(fi?r (cd) Bioconiﬁf\iff giir (Ni) ﬁ[* BRI(C) i?%%ﬁ(-Ni)
Treatments ranslocation T ranslncan.on
HRZ Root 21 Shoot HRZ Root 2L Shoot factor (Cd) factor (Ni)

TSO 1.78+0.09bc 1.1920.06a 0.40+0.02a 0.07+0.05ab 0.67+0.00a 0.24+0.00c
TS1 1.8720.13bc 3.08+0.28¢c 0.19+0.01a 0.0720.01b 1.6420.03¢ 0.392+0.00h
TS2 1.35+0.05a 2.29+0.25b 0.19+0.01a 0.0620.00ab 1.7020.12¢ 0.33+0.00e
TS3 1.53+0.18ab 3.09+0.22¢ 0.16+0.01a 0.06+0.01ab 2.03+0.10d 0.3520.01fg
TS4 1.3620.11a 1.9120.10b 0.16+0.01a 0.0620.01ab 1.4020.04b 0.35:0.01g
TS5 1.52+0.23ab 3.18+0.41c 0.18+0.02a 0.06+0.01ab 2.100.04d 0.31+0.01d
TS6 2.11%0.27c 4.9620.60e 0.15+0.02a 0.05+0.01ab 2.35+0.02¢f 0.3420.00ef
TS7 2.02+0.28¢ 5.0120.55¢ 0.20+0.04a 0.0420.00ab 2.48+0.08f 0.20+0.02b
TS8 1.9220.35bc 4.26+0.55d 0.25+0.04a 0.03+0.00a 2.2320.12€ 0.13+0.01a

1 RIS A BB AR 2 (n=3) ; [P EdEIZE AT 2 8 LA, AN R TRk Fom Ab B2 (8] 22 55 W 3 (P<0.05).
Note: The data in the table are shown as mean * standard deviation (n=3); Duncan multiple comparisons with the same column data are

adopted different letters indicate significance is at 0.05 level.

THSEARES Cd 195 4 BB ALTEE Y 1.35—2.11, 280 Cd B 5 4 R B LTEE R 1.19—5.01, 8 ik
ME, WEEZEMXT Cd A E 4 R BOR TAREE. BE 5 AN 4 8 W20 vk BE A 38 K ISR TS Cd 19 & 48 R %L
SEESEIE NG B ISR ZE T Cd A & S R BRI A {HAE TS1 R TS3 /K- 1
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B R B X R ISR Cd 15 AL RE ) PR R T S SR AR AR RN 2R Ni i s S R BN LB
MG EE 4 Jolh 2 T B AR 1S T TSRS Ni R 2 R BB AR AS 3 S5 AR TS XS Cd R R g
KT Ni,Cd 5 A3 rp A GHSEARER, JF 58 B 28nt 0K B, iEext Cd i 280Kk Ni, B
Bl 2 SR AN IV BE A3, Cd RS R B I, s 25 SRR I AMIR Cd-Ni M8 T Cd Z) F 1) i 3 5
PR, HAMSERT +38h Cd A3 %Bem p 4R BURE 0. T Ni 1030 B 22 5500 Bt 25 A58 J0h 360 e J32 F1%0 184 i s /)
JCHIETE F A 7KF- TST TS8 AL R ABUE/IN ik W] Ni (1 2E Wy ml A AR T Cd.
2.4 JHEEXT Cd Ni FW AT B A A

Fy it — BT IR RGP E AR Cd N AR R ISR R AR i e S R
HEE B AT i 2 A A AT L3k 4.

THEESRES M EELSE TR A SR ¢, AR B 54T A A KA K /NBE £
BT 4 @ A KOV X B 4 B IE A RS20 3R 4 3R TSR ZRORZEnT rh Cd Ni () & i 5 3P A T R
BRSS9 B 3 B IEAH GO R (P<0.01) , AHSC R EIYTE 0.90 DL L 3l 845300 Cd Al Ni 75 i
HHAE R S AR R AL, HIERR R Ni & 55R A R B 3 F A5 (P<0.05) jax Al fig 2 A
st ESE S E S HIRESE SRR R E LM (P<0.01), 5 HHEE 4 JF 0T 8 kIR ER 4SS
B AL A S A NS A SR B E IS (P<0.01) 1M 3 48 A AIES Z R A & 4 8
S R TSRS A AR S S RIA S A B E A DG XA SRR e od A N Y R T LA
FHAZRAE -3 Cu Ni B4 R

R4 RSO GRS IR RS RIE A BRI Er

Table 4 Correlation coefficients between the concentration of heavy metals in the cole and their concentration in the soil

— N, s8iis
BRI ,%M" EXC CAB FMO oM RES Total
Heavy metal Tissue .

concentration
cd JitER 0.971** 0.973 0.937 ** 0.972** 0.099 0.968 **
=0t 0.954"* 0.963 ** 0.916 " 0.957** 0.121 0.954 "
Ni JitER 0.877** 0.925 % 0.964 ** 0.984 ** 0.972* 0.996 **
20t 0.991 ** 0.987** 0.976 " 0.954 " 0.632 0.975**

T = FORAEIAE] 0.01 BEMKF-, « FRBEEH 0.05 BEMKY, T,

Note: #* * Indicates significance is at 0.01 level, * Indicates significance is at 0.05 level, the same below.

A2 H N RO X PR RO TR0 06 2% 14 B2, JF R RE S E 71 2 1y 7RI 2R
DL , 5 A SOOI 5 RS TR A i — 2 D R BT Wi Ay — 25 W i S W i 138
&R A RO B TTRRIE 28, K SRS [ 07 7 5 s 1) 25 5 b e rh i R A 25 00 8 B A0 2 BT 23
SER DL 5458 BN, R SAR R A2 Cd e EEAPIE CAB, IX Al fEJE PN il =32 S IR
SR PRE  FPHTEALE AR Y R A R IR PR IR AT ERRE ST U | (A WA R AR
Prt-YE pH Eh SRR 5T, S+ 0 T G R M A e A P B, T AR X R < e Y A R
P2 SRR TR, Cd 15 Yk T R IR R 40 WA HLIR (IR 2 IR AR S5 (& 4 ) ik 3% 45
B A TE S ) B R 53U 52 3 H 4 Cd YR (s 1 SR X 308 phy T i h & i vy, R
BRRER L 45 25 1 T 4 At FLA 250 e A 8 E ) S e 25 I N e E LIS EXC AR R M Ni 5
Hkf R HIE 250 OML.

TR R P A R S R R 5 e ™ 0 e, A A s . R
BRI Z A SIS, 4 AR 3 P s ) /A A 1 T < AL ) I MAC T i e - SR T JE 3
BT R A £ T 453 J A b FEVHAE AR A3 ) AR T S A T 4 SRR 1 A W T R B e, BRIRER S B AR
AL S S R A A r] el A e A Wy sl A2 D oo R i 12 o 15 1, 2 T b SE A 2 WsoR) Y
HEHIEA. 5350 Mench H1 Fargues HIBTFE 2 AR A | 632 AR B o0 WA ) T LI Ak B il S 1090, A 388 0
Ni (AR A
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RS5OSR IAE BRSSO E S RIS S R AE A M 5
Table 5 Stepwise regression analysis between the concentration of heavy metals

in the cole and their concentration in the soil

HamEITHR AL B mA TR ) 2 .
. . . R R’ F P
Heavy metal Tissue Regression equation
Cd RHR Vg =3.400X,p " +0.698 0.947 0.939 124.627 <0.001
=0 Vi =8.229X ¢, ™" +0.338 0.928 0.918 90.513 <0.001
Ni JitE Yyi=3.799X oy “* —33.900 0.969 0.964 216.495 <0.001
Znt Vi =4.710X iy ™" +5.707 0.983 0.981 406.457 <0.001

TE: RPFORILE REL, R SRR TS (e AL

Note: R* indicates the determination coefficient, and R*' indicates the adjusted determination coefficient.

3 %5 ( Conclusion)

(1) AMNE Cd-Ni ZAVERTT , B3 Cd 1 Ni (435 P 2 B 30 v 32 1 1 o 1 . L) 38 Cd
B FERAFIE AR KA AR AP DI R R 25 A 28 0 35 10 Ni 19 B WAA I A th AR S (O R4 %4k
PR EMPEE B

(2) B Cd-Ni B A e K-8 R, A PR 0 B 4 T8 5 et 3. & 4 R B R B, Cd 1
EERBOKTF 1,1 Ni EERBUNT 1.Cd 2 EAEMEZEM W Ni 228 5 A AR 2R
FEEE R, Cd BN 5 [a) bl &AL RS, 0 Cd A R P 558 1 0 R B 28 4 WA e R rp AR A
W ) FE AR

(3) L3 Cd A0 Ni A9 i AT DAFE — @ R B L SOt S Cd  Ni 2B A bR ik IR ER 25 5 28 Cd
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