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Combination of Pollutants Cadmium and Zinc and Its Effects on Cd Accumulation in Wheat Grain
and Adjustment by Organic Manure

HUA Luo"?, BAI Ling-yu*, WEI Dong-pu®, CHEN Shi-bao®

(1. Capital Normal University, Geography Department, Beijing 100037, China; 2. Institute For Application of Atomic Energy
CAAS, Beijing 100094, China)

Abstract: A series of pot experiments was done in the present study and the results showed that: at the level of 10 mg * kg ="' Cd in
soil, added Zn reduced Cd accumulation in grain, revealing that Zn had an antagonism effect on Cd, while at the level of 100 mg *
kg ~'Cd in the soil, added Zn promoted Cd accumulation in grain, suggesting that Zn had a synergism effect on Cd. The results were
also tested and verified by Zn — Cd combined effect on yield of wheat grain. Application of (pig) organic manure increased Cd in
grain when the soil was polluted by single Cd and combined 500 mg * kg~'Zn and 100 mg - kg~'Cd , it also was tested and verified
by stability of 'Cd — humic (fulvic) acids and ®*Zn — humic(fulvic) acids using radioactive isotope tracer and ion exchange balanced
method . In '”Cd and “Zn coexisting system by comparing with single pollution, HA (FA) — *Zn complex stability obviously in-
creased, but HA (FA) - '"Cd complex stability obviously decreased. The stability of HA (FA) - %Zn was higher than that of HA
(FA) -'Cd. Organic manure decreased Cd in grain when soil was polluted by combined 1 000 mg * kg~'Zn and 100 mg - kg ~'Cd
, which was caused by high Cd. Zn poisonous concentration . Using organic manure to control Cd, Zn combined pollution must be
considered it polluted levers, proportion, available content in soil, interaction effect, stability and competition of complexes, fertility
of organic manure.
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R O A X R A i 1, b,
SR A b 5 A o RO B2 B ST R B 5 T
e RBERPE A 30 em, FERG HH WS 11
HEAAEER TR . pHS. 1, BAHLE 1. 76% , CaCOs
2.46 % , CEC 40. 12 Cmol - g7', &1 Cd0. 10 mg - kg™,
&L Zn79.90 mg - kg™, AL P 15.7 mg - kg~
1.2 ik BEHIAE

PR HLAE K I 7 BE T a6 A 7 J ) 4 TR HES
HAPUITS i (KoCr0; ki) By 22, 10% ;Cd Zn 42
H3 94 0. 135 mg - kg ' .135.9 mg - kg~ ',
1.3 4MIE CdiZn

Cd. Zn i L22IE 8N 3CdSOs + 8HO (43 #7
4li) \ZnS0, » THO (43#r4l) o W & .9 Zn(ZnCL, 15
W) "°CA(CACL W) S s B3 ok 2.6 x
10'Bq * mL~', W H P EFEIN R AAR, -, 5
.
1.4 #iK1EY

HANE, SRR F - 44, il EAR R TR
—FE et
1.5 iK%t

IR HL UL 1, B 3 AN EE, W
15 cm x 15 em ¥R, R A4 £ 2 ke JERALIXUT, B
Yl 14 2 mm G 5 AR I BT A KE A -8 IR 5
SPIRATs Cdy Zn 80 5 X0k F T B KT R
3CdSOs + 8H,0 . ZnS0s + 7TH>O FE /K 7 i HE A T 45 5F
FEATIRAT G A, BaK BARAN, — JH S R /INZ i
e RO B2 BE R BB A FH AT BT 7 B T 3 PN
170 BN AR IR 92 do 1998 4F- 3 H 16 HEF,
BRAEFR 10 6 (B &%), 40 d ISR, BE75 0 6 Fk,
IERPOKE, T 6 A 16 Hikak /N KR IUE 65
CHET, WAL ™ 5
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Table 1 Treatments of the pot experiment in the present study

b # Jb ¥ J OB
MO0Zn0CdO M10Zn0CdO M20Zn0CdO
M0Zn0Cd10 M10Zn0Cd10 M20Zn0Cd10
M0Zn0Cd100 M10Zn0Cd100 M20Zn0Cd100
M0Zn500Cd10 M10Zn500Cd10 M20Zn500Cd10
M0Zn500Cd100 M10Zn500Cd100 M20Zn500Cd100
M0Zn1000Cd10 M10Zn1000Cd10 M20Zn1000Cd10
M0Zn1000Cd100 M10Zn1000Cd100 M20Zn1000Cd 100

E: Cd0. Cd10, Cd100 23 fRFRAB I Cd #7010, 100 mg -
kg™'; Zn0. Zn500 ., Zn1 000 43 HIFCFRAENN Zn ¥R EEH 0, 500, 1000
mg + kg™'s MO, M10. M20 Z3 3 03R4 L (¥ il A i 57 0, 200,
400g - @l

1.6 INEFFRIT Cd. Zn & EBHE

INZERPRIEE A 60 Hf, S A, FREX 0. 5000
—1.000 0 g KL T 100 mL & B FRBEHR o, A
5—10 mL ¥R AHIR , w5 bR ML, B #
O, BERLEL, TN 5—10 mL #RAHER , 3—S5
mL SR, $85], W TR ARSI, A S AR
B, B AL, BT kR, dREEA 5—10 mL
WAER (3£ 30—50 mL) , UNIE A A 2R AR LT (b s
B, TR AR ER o A A VRS B WG
o, ARERZE R RSB WRIE VI, OF s B 208
RN 1k IRV A, FIKEE A 25 mL 28, Of
i e ARk, &R, RISV = 0350 25 e o
77 WFX = 1F2B B W o 6 BE 2 Cd. Zn
WL,
1.7 EEBEESH

K Tessier S HE UL AR SO A S & 1
KRS R SRS R, LB, B
1.000 ¢ +#EGEE 100 H), & F 50 mL &0 8,0
8 mLpH7. 0 ¥ 1 mol - L' MgCL V& , TEIRE (20 +
3)C KM FIRDG U h, B, BRI, FEFRIC
G (AAS #:) (™ WFX — 1F2B B J5 71 i 43
JEHEEETH)M Cd Zn 5.
1.8 KEREMEMNE

I P [R] A 28 7S B v 8 58 8 - Al s I o T
Cd. Zn N H— B N GAAAERT, ISR (HA)
g HER (FA) 5 Cd.\ Zn B4 AR 8 1 B B 5L
ARIE AR 0 10% (B b)) P IETR A, be
IK AR, B 1 AR . AR R i R G HR (] B g
tRR P2 (IHSS) R, SR Na.P,0;/NaOH
o WA 25 BRI (3 ¢+ L', pHS. 0), il
AR A SE fE C RO BETE BN 2.6 x 10°Bq/
mL ) '°Cd . ©“Zn & & & T, A4 Cd. Zn AR
AR 7 x 1074 pg. 0.5 pg £ 1 mL, XM HPGe -
GC - 3018 — y iS4 5E 'Cd \**Zn THFE

R2 B—CARRMIEEHE Cd GESHNZHH
Cd S EHEM (mg - kg™ )
Table 2 Cd content in spring wheat grain and available Cd

content in soil at single Cd pollution (mg * kg™")

b w FkE Cd A Cd Cd W5 =
MO0Zn0CdO 0. 08A — 0. 60
M0Zn0OCd10 5.83B 5.66 0.58

M0Zn0Cd100 8. 48C 49.36 0.08

# INERPRIH Cd 6 (mg - kg™') /R8T Cd it (P sf
i Cd + TIPSR Cd) (mg - kg™)
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21 Cd 5 Cd-7Zn EETFTETIE L Zn F/INZFFHL
Cd EERH
2 HPRRW] Y Cd N —T5 YLt B 1%
AR Cd WREER B =, /NEAPRL Cd B ddidem, (H
INZERFRIRT Cd 1 BRSO 5 1 58 Cd W EE
PR M REAR , 22 55t ik i 3 K- o
3 BR, Y Cd -Zn EEAATER, T Cd . Zn 1)
HHE AR /N AR Cd B i 2R A BT R
TGYEE A M IER AR Cd WREEH 10 mg - kg™
if, 500, 1000 mg * kg™ 'Zn ASIIA (Zn/Cd HAE 5
2 50/1,100/1) 3/0 T /AR Cd 55, {7
FZRRL Cd & E H ¥t 10 mg - kg 'Cd Ab BRI 5. 83
mg * kg ! 3 FEE] 2. 48 mg - kg™ A1 3. 13 mg + kg !,
2SI 3 (ORI AL B ) 25 S A B 2, DL b
£3 Cd-7Zn

SERYLH Zn X /NE R Cd A 5580V .36 4 gt
X /N PR i IR R A 1 Cd - Zn B A5 G
(A RN, HEE R FRghie—i. Zn Xt Cd B
U R AT e S Zn HEA MRS, WO T 4 &
MR A Zn BT AHXTRRAR T Cd BT E KX
FEPIRT Cd M IHLR . 3 BB SR HHEA RS Cd &
A AN BRI, (R AR Zn W LA 2
IR 3, TN Cd B IS 22 Sk Bk sl e, AL
PR AR 2, B AR SE I Zn 251, L AR I
W Cd &, 740 Zn Fil Cd HAT A A A 422 71
FORL, FEA IR N 250 2 ol A U, s
AR Zn J5, Cd & SARXT SR, (20
o PhBEYS Zn BEZEA M Zn AR FFIFA OTGHE, &
SRR Cd &R, FRREAN Y IPFRAA
WESZ T Zn XF Cd BIFEHLSOUM

M3 AT, Y ANE Cd 15 Yk g

AERTENEFHE CIESTEANE CdEE (g« kg™')

Table 3 Cd content in spring wheat grain and available Cd content in soil at cadmium and zinc combined pollution (mg * kg™')

b FRE Cd F AT Cd Lb FRE Cd AR Cd
M0Zn0Cd10 5.83D 5.66 MO0Zn0Cd100 8. 48C 49.36
MO0Zn500Cd10 2. 48K 5.90 M0Zn500Cd 100 10. 26B 53.77
M0Zn1000Cd10 3.13E 6.61 M0Zn1000Cd100 21. 00A 57.34

100 mg * kg~ f, 500, 1 000 mg * kg~ 'Zn AYHIA (4b
. Zn/Cd FCAE 43900 571 .10/ D3 T /N2 ki
Cd 75t fH/NEFPRL Cd 7l 5t 100 mg - kg ™'Cd
ALFERY 8. 48 mg - kg~ A HIHE A 10. 26 mg - kg !
H121.00 mg + kg™, 25 ik R 3, ARl Zn AL B [E]
ZE SR R 25 . JUILAEAR P M0Zn1000Cd 100 H1 Zn
PN Cd 7= A EERT, &R 4P Cd-Zn B A
15 Yot /N R R R 1 28 AN A — 3o Zn XF/NEE
W Cd A PrFAVE R AT B2 0 T Zn 55 Cd S84 RHEE
T 1 (R B 2, Zn (IR 3P A S5S Cd
T I S IR AT Cd R, AT R e R A
WK Cd &8 o JIAMERYIIAN Zn 584 Cd AL PRI
EAT, S8 Cd Mg , f2 068 Cd DR ) T
R I/ INE RERLR Y Cd it 55— R AT
B SRR Zn 5 @R LN Cd X/ A R 1Y
B[] 000 AR T RE 0 Cd W R I RE T o B
#EC! Fl Dudka'®' BWFSFEALUESE T Zn XF Cd A9 PRRIZL
Vi o

J5 2O MR, Cd 15 X /N ERER R Cd AR
SO A B KO, Zn M Cd - Zn A2 AR IR /INE 1
i Cd F AR MR B B K. 2 H AR S Bl

B, Cd - Zn EA475Y40F, 10, 100 mg « kg 'Cd X/
FERL Cd 5 A RZ R, PR K- T] 22 3k i 3 . 500,
1 000 mg - kg~ 'Zn Xf/NFZHFRL Cd 251t 19 52 00 P 7K -
[i) 25 SRR I 2

Zn, Cd X/NERFRI Cd S B A8 BN 5
3 Zn/Cd U R EA GAEYVI LR, Zn/Cd
FEERIT (1001, 50/1) W), Zn X Cd BHEHLROW 5
Zn/Cd BN (10/1), Zn X Cd A5 PpRIZON, biksh
W 5 Zn, Cd X /N2 FFRL™ 1 28 AW, — 3, X5
— S AR SESE A RS0 A BRI 2 Zn/ Cd
AR (5/1), BIFE M0Zn500Cd100 ZbFErR , Zn  Cd 38
HRNAENERFRL T Cd REE /N FPRL 7 R R
AN—F, X ARES Zn/Cd WAEHBER A G, ML, HA
A T e s DR 2R Zn/ Cd A R brif
AR B4R Y IFSEEE Y, AR Cd I R AR 7
Herp Zn i Cd F REAASAEER Zn/ Cd R {H AR FR T AR
b, A 3% Zn/Cd HW(EZ A YL Cd A —E BR
BEAERFANEMETR L2 Zn/Cd <1 500 B 45 i 3552 1)
YERIRT Cd AW, > 2 000 B U TG R S22 i . IR A 7
FVE AR E T, X e R R P AR RS AR
], A ISR A —FF . B4 Cd Zn EAFB XAR



396 e AR R AL T RN /N AR SRR AR R A A HLAL IR A

2002 4E 10 H

R4 Cd-7Zn EGTEINNEIFRF=EF MK X B
Table 4 Interaction of pollutants of Zn and Cd on yield of spring
wheat grain
Qb AR 77 DUAWE S AR = Cd - Zn B G300

M0Zn0CdO 1.00 — —

M0Zn0Cd10 0.82 — —
MO0Zn0OCd100 0.61 — —
MO0Zn500CdO 0. 67 — —
MO0Zn1000Cd0 0. 54 — —

MO0Zn500Cd10 0. 60 0.48 RN
M0Zn500Cd100 0. 49 0.41 Hidt
M0Zn1000Cd10  0.51 0. 44 R
MO0Zn1000Cd100 0. 27 0.33 R
M0Zn1000Cd100 737

IR 51RO X7 it g 45 78 2 B0 00850 0 7 B T L
CEP X BRI | 32 3k [ 71
P IRR 2R Cd A AR R A B AP, RS
T N RS A BV LR
2.2 BBRAERT Cd iIS£ L ENEHN Cd FENF
i

M S FTLUE W TE Cd B—T5 Y 4 b it A
JRNEAEHE T /NE X Cd B OR SRR, 4 T/
ZAPRP Y Cd B, H22 R ikl g KF 2 -
Cd 2} 10 mg - kg ™" I}, &:453 it FH 200 g #1400 g J%
JEEAE , /N RPRL R Cd s A R R IE Ak B
5.83 mg * kg ' HEHNF] 8. 14 mg + kg' (M10Zn0Cd10)
8. 11 mg - kg™'c MEHEd Cd 2 100 mg - kg~' B,
B N i P i i sy, /NZERPRLH Y Cd
Hahn o AR 43 i 200 g A1 400 g $EIEEAE , fi /N Ff
R Cd B &l SRS BRI AL L) 8. 48 mg - kg ™!
HAhNE] 18. 17 mg - kg™' F1 24. 62 mg « kg ™', & A0 H[H]
2 S 0 2 it RV SRR N A A R AEAIR KT Cd 15 %4 (10

mg * kg™') T F/NERPRL Cd F IR T 7E R K
- Cd {5394 (100 mg « kg™') 3 b ATt 5 S AE A 2L/ )N
KR Cd & K F (M20Zn0Cd10 5
MO0Zn0Cd100 AHEL) o (EA5F & A& X 5L B AR il 1A%
JEERE S A RS Cd SRR, (HJ2 S8 AR A e
FIVE FAAR HE/NZ2 1 A R eSS 22 H .

DL IR IR 25 SR, Cd Y54 39 bt % R AE
PR T Cd MAEYI A S, H/NEAPRL Cd & B
i, REFHEATEES TAHIH R A % Ol T TR
e A Ykt BT R A PR . IR
LW Je W5 T SR A R 25 O () 3R (B
M2 BLRR AR ) , T EL it FH R 250 X 18 v B 5 o 2 g
TSR = A 5, (T BORR 114 43— 25 4 T T Ak
AL 65 BE RS A BN A AL R R I, 0K
7 I R T 1 e e RTITHE A  A R P
PG AN RS A KRR BRI IR R
ESEEEETHITEEG RN, Cd 5HP&MILs)
A VR S5 Fh Z SERIE AT 35 (0 28 500, TRl el
Cd 55 UYL 45 & Wi e A XT8N, 5 F o
fife NTTTEZ 5 T Cd AR . 2 6 I F Il 7 5
PR TSSO I E Cd, Zn NEBA—BS T N B2 A
FEERT H AR (HA) Fs BER (FA) 5 Cd.\ Zn 1)
HAFE AL, SR, Cd Zn R R—
BiFHF, HA = 'Cd (“Zn) 5G40 AR H 50U T 5L
BJRT FA -"°Cd(“Zn) 25 Wke e WS A5,
HA(FA) - *Zn MA3E 58S B BOR T HA(FA) -
19Cd, Wi 7E 48 V5 Y I it R S B B A R
BE/ NGy 1 T AR R T BB A I T 4 T R A
WA 5 . QA TR B R B, A 32 B A 5 T A5 1

x5 BEREME— CITLRIELRNENN CIEESTEFTHS G EEMNHM (mg + kg™')

Table 5 Effect of organic manure on cadmium contents in grain and available Cd contents in soil at single cadmium polluted soil (mg * kg™")

b2 FFHL Cd LIEARGS d Ak KB Cd A d
M0Zn0Cd10 5.83D 5.66 M0Zn0Cd 100 8.48C 49.36
M10Zn0Cd10 8. 14C 5.26 M10Zn0Cd100 18.17B 39.93
M20Zn0Cd10 8. 11C 4.88 M20Zn0Cd 100 24. 62A 24.62

Cd, Cd* NPT 5H KMR KR TYRE A,
XAEY TR E , Y — e AR A B, B
1k Cd gt ARLRFAL T % AL P A A LR | 2 5
MRAFRES CI RTINS, e 1 4
HARES Cd AR  E A TFFSIEN A LU E
MM A HLER AR RRSF /Ny A B 1, Bl
YA WY R, 254 Cd trlhE
ZIENR, i Cd FERIIFFRL AP AT L R AR, L, 2

SRAE RN It A FEAIR T -3 rh 3 ds Cd iy & &=, HIF
REEANEZRPRI Cd &, QBRI & KW
BIILE, XEE TR MRS S Cd X
/NI RPE, 0 Williams A58 & B0 NHANO, Filik
TR IR A Y /N R b Cd 5 B B it T e e IR
AL B 2R @R RIE AR AR R T Y
TR Ty, fREAE A, S R R A AR
Az PRAR A i a4 SR AE A AR N s e A, AT L
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Table 6 Stability constants, co — ordination numbers of Cd — humic

acids and Zn - humic acids (pH8. 0 w=0.2T = (25+£1)C

FaE 4 logK B A5
JERIER CdZn —f7fE  CdZndBfF  CdZn *A—fFfE  CdZnJEfF
Cd Zn Cd Zn Cd Zn Cd Zn
WIEEER 3.93  4.32 3.05 4.69 1.56 1.65 1.11 1.88
BHE 2.64 3.08 2.19 3.42  1.31 1.42 1.20 1.50

S [A] 425 ) 4 T R OR R Singh I9BFSE A5
B TEENEEE = TN AR Cd EEAEE R it
AL, — SRR Y R IE RE S = Cd V5 g4 T3 F Cd 1Y
TR, RIIAE Cd 5 % 3 B it IE 2R I R
BB AN AE R Cd 155 3 7
2.3 BRI Cd-Zn EFFH LT E/INEFH Cd
SENFMm

MR Cd - Zn HA TG YT, FEBRILXS /NEE A
B Cd ISR SIS Cd BT RIS Yt 2 % 7
VAT, i AJERRE AR T Znl 000Cd100 & 45 40 BN
FZAPRL Cd . ARG AL I N2 FPRL Cd Fr it iy
21. 00 mg + kg ™", jifi AN EAE (M10Zn1 000Cd100.,
M20Zn1 000Cd100) i /Nz Hf kL Cd & 5t 4 BB AK
16.09 mg + kg™' F113. 56 mg * kg~ ', £ kb 7] 22 Fe Al
B AR A AL Znl 000Cd10 KA b Fi/NE
Kb Cd 7 RS (A4 A PR IA) 25 57 AN i 25

Jiti AJE AR, 427 T Zn500Cd100 &4 AbF/ N
FERL Cd &4 o ARG AL Y 10. 26 mg - kg ™', 73 51)

x7 BEEIT Cd - Zn

HAINEY 19. 24 mg « kg~' 1 18. 24 mg * kg~ ' Jiti AJE T
JIE A 355 AN it A o S Ak 38 ] 25 Sl S 3, (RS [
JIE it P A B ) 2 S AN S o AR R, AR
Zn500Cd10 & FAEFE/NERFRL Cd & RS, HE
Ab B[] 2 S AN i

MLL EgE R B, Cd -Zn EAT5% 15
FEENEXT Cd AP A RO R 52 4 Cd Bi—5 44 1 4
FAEIRAEXT Cd A A R R S 4%, (HLR RN
S RNE AR T R 7KF (1000 mg « kg™') Zn 5 Cd &
HiG Y I L/NEFPRR Y Cd B, RGN ARk
- Zn (500 mg * kg™ ') 5 Cd EA 15 HHE FNEFERE
H Cd i o BARER 7 RIIKF Zn(500 mg - kg™')
Ab PR A RS Cd BER BRI i 1T 38 A A&
BOXERNUEEILEESETE, TR, EAELRE,
M =5 7KF- (1 000 mg + kg ~') Zn Ab3E RS EAE A3 m
i BIEA RS Cd PR IEAL, BN R
Y Cd & REARI R R 22— 58 AR A B 1Y) J5 R
BAWON AR N AR R R R, 3K 6 R,
9Cd, “Zn NEA KRS G —FAEAH L, HA
(FA) —*Zn 255 Wke e w4 B 806 W1 i 4 e,
HA(FA) —'"Cd %% & Fa & W B0 e A7 %500 B 2 [
Ko VEHIBE — GO S, Cd-Zn EAT5 0 L1 I
Zn WIS TERRAR, 10 Cd TS PERS I, SE g /N2 ky
ki cd B8, WP Cd, Zn S ATATEN 580 —8 1
FELERTAR LA, it B AR R 15 0 Cd 15 G 1 16 35 i

BIEHRTEFHNEHFN CIIESTIERYS Cd 2RI (g « kg™')

Table 7 Effect of manure on Cd contents of grain and available Cd content in soil at zinc and cadmium combined polluted soil (mg « kg~"')

fib FrkE Cd THEA RS Cd Lh R FhE Cd AR Cd
MO0Zn500Cd10 2. 48F 5.90 MO0Zn1 000Cd10 3. 13F 6.61
M10Zn500Cd10 2. 82F 5.35 M0Zn1 000Cd10 2. 86F 5.86
M20Zn500Cd 10 2. 84F 5.37 M20Zn1 000Cd10 2.17F 5.42
M0Zn500Cd100 10. 26F 53.77 M0Zn1 000Cd100 21. 00A 57.34
M10Zn500Cd100 19. 24AB 49.13 M10Zn1 000Cd100 16. 09C 41.96
M20Zn500Cd100 18.24B 42.80 M20Zn1 000Cd100 13. 56D 36.70

W Zn 15O fEFE . Y Zn MR EEE & 2 1000
mg + kg™ B, TCUCHEA T N BRI R, AR AL
VB Z SR, T Bxt Cd R i e S 2l A
TNz Cd100 98508 S P RSN (3% 4), SRl T
Cd - Zn EHT5 Y a3, Bl Zn1 000Cd100 LZhHEH
INZERERL B FANT PR 0. 27, R A b B e ) A
o BXHT Cdy Zn A7 55 G B Y 52 R A 5 AT A
B 1 T R 45 5 3500 5 18 T3 350 o Jo7 FH % B A 14 £
B Cd - Zn A5G MREG 45 R UL, it A LB
I G YK TS RIS A B TR

JE AE S H RO A DUE I SR 28 G Pita e T
5IE S50 o

3 Zhig

fE Cd Bo—y5 iy L3 rh N FPRL T Cd 3 bl
HMIE Cd W BE AR i . Cd - Zn B AT YL 118
o, NFERERLN Cd RIS RS AR Cd L Zn K-
FUfE L 22 HAON . R AGE Cd & it HHERNLE R
KA W Ra e PERE IBERE 4 AE A5 56 o 24 AR Zn / Cd
FEAE  100/1.50/1 ), Zn Xt Cd A HEP/ER, Wb T
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IR 180 1 e LA
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