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ELRE C M Zn FARSHRN DE-KBERENFRNERE, Nk fFERAGR
HRFHENZ-BEEREETRABRMT. SREW, C-In FHA R A4 RT C (K
Zn) {E X BN - KBRENGRZATE-ENER, CRERAESKBERTE

A Cd 5 Zn RREREMURAEEY™ESEX 20/Cd EMBEN EEZE
WX BEES=AHH, FhtESUERTHM- KBRS Cd-2s EAGRRERKTER
EOEAHFER, NAX-HFEETHRALE Ci-Zn RAHFRRENARBZLFHT
3 Cd M Zn BOREKAVFIKEEST BIUEIR 1.0 70 400mg kg, R DUE N frilitk KRB L Cd
M Zo RERERERMENKTE,

@AW ITE-KBEARL.CA-Zn HAEK,BHR

Cd HEN Zn WHEEABTEET B RIAREED, digk Cd M Zn BEXNE &4 %t
EMREREGER"Y £18.Cd-Zn EAHEERMIMTRACEEROEN, T8
TIEERNFEE BTN ERER, —2EywEhg Cd R Zn fENEE
FRAKEOE R BT R, /AT —EHESENENER,

{B2,Cd-Zn {EVE SHN T BEMESENERESTR-DMREFRERLN B
BRIRA Y AR A A X —IR, BRXERNHSFPORER: (1) Cd-Za fE24
E4fS Cd (B Zn) fEBREFH 18 XERAENERZAFEREER; (2) W
A REREEE B RORELETEER,

—. B R &

(=) #8
HIREARSEE KT L (0—20em), RATTHAHTETER, RESROBROEEN:

2250, « 7H,0 I CdCl, « % H,0, 5 Cd 7 Zo JREELE 1 o K—RKLiBITESREET (CAE Za)
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B)LfEsd Cd M Zo SRAKFIRE,
F1 ARV HPBNFRBYRE (mg/ke)?

Table 1 The concentrations of contaminators added into the tested soil in the pot
experiment (mg/kg)

X 4
& E: Level
Treatmeat 1 2 3 4 5 6
(1) Ccd 0.0 0.5 1.0 1.5 2.0 3.0
Za 0.0 0.0 0.0 0.0 0.0 0.0
(2 cd 0.0 0.5 1.0 1.5 2.0 3.0
Zn 106.0 100.0 100.0 100.0 100.0 100.0
3) Cd 0.0 0.5 1.0 1.5 2.0 3.0
Zn 200.0 200.0 200.0 200.0 200.0 200.0
(4) Cd 0.0 6.5 1.0 1.5 2.0 3.0
Zn 400.6 400.0 400.0 400.0 400.0 400.0

1D ZEAEBHATIMRERETE Cd 50 Zo REEA1Sr 510 0.18 1 46.65mg/kg,

(=) &

REFEEE AR+ Z L LRIMET KBS BIMERAR T RKREK Ske HETEMEEL,
¥R 1IOLHEDA—EHER Cd T Zn LAY & 2.0g(NH,),50, F1 1.0¢gK,HPO, « 3H,0 {4
EE, XSHEFURSTRESHIE, SEBAZSLRETORRAN. FRREE 24 M,
®—LEEE 3K,

RARESHERAXBRAATELS R EERA KBRS B ERER MR EERELOAER
He B4 285.8% 5 5. AL BB NS KBERE TR R, £E8BIRP, —FEE
BAALGEREE R USRERS, LB S REGFRAHRNERIEE, FABRRE, WKET
L HHEEZAUREBRART . FERATHLERBEAKBNEY B, RTHLBESLBRE BN, 7
VR, RAKR HNO,-jg HCIO, HiEMikEAE, BERTHUKEEETH(H I 180-80 BDMB kS
X Cd Ol Za WEE,

COHERMH®

=) HABEEHFROT WA

MEEED, Cd-Zn fEXNE AW, Cd (R Zn) EAHBHEAEHRR GREM Cd &
Zn) ZEMKBRUEREBEZMER(IM RGBS ETEERSERS) E, &
HRAHBAPRHESR, BE, EMURTHLEIERKEEY>ROERE, &
AR R B R 7 WL

M&2GHEa® D RTUED, YL R8N Cd o, ABEW~ERE Cd %
INERBEHMITG T Y Cd KRB ABIIRE I, ARG W= BRI B IRE, MRH, X4
THOREM Zo i, KREYPRAE Zn BINKE 0—200mg/keg AIFEAKE Zn 34 T
N, % Zn BMPREE 200—400mg/kg FEFE PIBE Zo 38N N M4 RN Cd,
XEM Zo B, KBWEEDTE ORNEEESR: S8 Zo S0k HF #2100
mg/kg B, KBEY~EEE Cd BMKEOMMMIEN; HHE Zn BMKE RS &
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F2 HBRFTRENEHTR (o)

Table 2 Biological yields of rice under different experimental conditions (g)

Vi & 3¢
& 2 Level
Treatment 1 2 3 4 5 6

w 43.00 43.81 43.27 43.01 42.73 42.40
2 46.38 47.26 47.43 47.90 48.24 48.01
) 47.88 49.23 47.25 46.07 45.10 44.05
O 47.40 45.47 43.92 43.19 43.00 42.44

) 521 EYR.EU-BEMABIXRTE,

200 1 400mg/kg i, KRAEHFRME Cd HMKER EFTTHE, ERNX—ERE
FRET#ER, H#-KBEAR%EH Cd M Zn WREER,ER Zn KF (100mg/keg) B
XK REIE = R B RIE R, FE R Zn K (200 F1 400mg/kg) BYRBNFEHER; BF
AR Zo WER, MEE—E R BN Zn HFRITKEE™, EYMAN Zn B@E—E
RERRMNKEEEEER,

2 ARV, ZRBRPAKENEY T BRIEAEN, 138 Cd M Zn fyRMK BE
43524 0.5 M1 200mg/kg; MR KR H £ MF=BM ™4 10% &, 13 Cd F1 Zo HHEIM
KBSy B4 1.0 A1 400mg/kg, WL, HLENRHEMTRED 10% KR, &£ Cd M
Zn BEGREEZNT, 18F Cd M Zn HEXAVFRETZBIE I 25 1.0 71 400
mg/kgo XELAMEAHHALE Cd M Zn RERERENEIEKRE, A2, BEUEER
Boode, B8t Cd M Zn BRE D F4 1.0 70 400meg/kg B, KBEM=BIFRE
B 10%,EEIM T 2.14%,, TokE, % NLLIKTER™ 10% 160 LIRS RS &
BIfHE , HEHEAE RS,

(2 %&XKP Cd 0 Zn HERTL

SR, LR Cd (AR FHERRNELE Cd-Zn EEBRRERET, BXH
Cd W RHFE TP Cd BIREHENTMNGE 3)o REL,BT 2o WWAGE Cd-
Zo EEFEHRME), XD Cd SRMMREER, fH, ¥ Zn BINKEEE,X
Frl eSO E, BEbRED, 1N E Zo FRAKEFERR Cd b, &
R E, RATTLER, B Zo EAIEAF T ABEES, BHRERR Cd KB
AOT5 B AR, Bl Cd ZE¥F i RIREE,

TR, R Zon BRFISHRER Cd-Zn EEBRRERFM T, XD Zn &R
HWERE LD Zo BMREEMTYMOIFLE 3). FiARNR, BT Cd HfER, MX
H Zn SEEGEMEEE/N, LHEE Cd BMKRESNENHAR, X&EH,Cd FHK
LRI Zn 0Z5%, "I, Cd (B Zn) {E4EKF Cd-Zn fEAE &tk a1 -
KERENE R Z NEEE —ENER,

(=) kB&H=RfoEE Zn/Cd LEZFHXR

— e, PSR EENATEESEKEEYFETHORR 2 —, ik
=, KEENFRSERDH Cd M Zo H8R(F Zo/Cd BER)E—EWHERXL R,

BRorRA, EXEF (AN Cd f Zn) £4TF, XKBEUFR (v) Stk
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%3 RBAFTHENKD Cd f0 Zo YEBE Zn/Cd HE"

Table 3 Cd and Zn concentrations and Zn/Cd ratios of brown rice under the
experimental conditions

& ES Lc.-vc.-iqZ
Treatment 1 2 3 4 5 6
Cd(pg/ke):
1) 2.57 4.29 16.14 28.69 35.18 12.23
(¢3) 16.31 23.40 33.70 56.32 75.55 90.00
(©)) 20.18 29.50 42.64 69.23 96.32 116.72
“) 25.22 111.33 148.36 222.10 331.93 394.38
Zo(mg/kg):
Q) 18.95 18.32 17.44 16.95 16.38 13.07
(€3] 21.32 19.65 17.78 17.21 16.87 15.32
3) 38.60 35.69 26.79 25.40 24.02 19.67
“ M.54 26.78 29.13 30.07 30.91 31.74
Zn/Cd:
(¢)) 7374 4270 1081 591 466 310
@) 1307 840 528 306 223 170
3 1913 1210 628 367 248 169
(O] 1766 241 196 135 93.1 80.5
D FR#EL,

4 KBEWFR O) 58K Zo/Cd | (x,) ZENREREF

Table 4 Functional relationships between the biological yiclds of rice and the
Zn/Cd ratios of brown rice

i Zn tm Cd HBXHE BXRFER() BERKE (@
(mg/kg) (mg/kg) Correlation Significance
Zn added Cd added Correlation equation coefficient level

0.0 0.030.531.051.5352.033.0 y = 39.20 + 0.51lnx, 0.7481 0.10(z = 6)
100.0 0.030.531.031.5;2.0;3.0 y = 52.43 — 0.80Inz, —0.9437 0.01(n = 6)
200.0 0.030.531.031.5;2.033.0 y = 34.90 + 1.86lnx, 0.9204 0.01(n = 6)
400.0 0.050.551.031.552.033.0 y = 33.68 + 2.01lnx, 0.9230 0.01(n = 6)
BET (Cd ® Zn) y = 33.19 + 1.62lnz, 0.5435 0.10(n = 8)
WETF (Cd-Zn) y = 33.78 + 2.17lax, 0.7708 <0.001(% = 15

Za/Cd EE(LE 4) BIEHABIE (10(Zn/Cd)] ZRMEKARBERSE, LB EH
ZKIEE 0.01 PUF(ILE 4)s iR EF(RE&M Cd RAEM Zo) {RET, KEEY ™
B (y) 5¥K Zn/Cd LEMBEBSE [In(Zo/Cd)] ZHKMAXERE, KB Xk
K 0.10 (GRILE 4), TWH,BEFE Cd-Zn E&5BEHRZMPXE, EXEAEABE
Yr-B5HA Zo/Cd WEREERBEZ ANRERXBENRR,

(M) Cd-Zn WEFREERKREENNRIBR

MREER,CA (R Zn) EXHBKSE Cd-Zn EAHESARR - KBEAN S
BRL, EERAEKEEDR (y) TRkt Cd R Zo SEGIBA e M 2. %
AR E G H, Ht,Cd M Zn WHABHESHBRUATRXAIESR:
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Heh,Po L HI-KBRGHBR™ERE L T &, HHARK

ZERREHATXHE-NIAR: BRENE, KBEY-RER, XK Cd
Zn R BRMEE, £—RIERT, 48K Zn SBEKT 20mg/kg &, BIRR R
KRG LSRR Zo WBHRYY, EEE, 5HEFREAKERRMAKEERE Zn
E% 20mg/kg", MpH, YK E& Cd KT 0.2mg/kg i, RPAXTR-KBRE
ZET Cd iR, DA R, (DXAREN:

_ ¢ [(xea — 0.2) + &(x7, — 20)
Pa=f] o ] (2)
2l

Py= f[(xcd + klen - 20k, - 0-2)/(kz}')] (3)

T M- KTERSE, TibHEE Cd K Zn WiEE, ENEIRDENAEBESE
HER MR, KKK Cd M Zn BREAETAKRENRX LRASEEY,
BATRLE & £F 1, YEB-KBERERE Cd-Zo WEATSRE, HKBEEDF
HOEMER AR ST HNER TSR S BROEWERY, TRAUER L= 1. £X
FERRET, BLGIRATREK:

Py = f[(xca + 27, — 20.2)/y] 4
Kk, & Cd fl Zn M/KEEABRRERATRBENEERTEXN:
I, = (2ca + 22, — 20.2)/y 5>

MBI TH Cd MER, BHEGNAF REEN:
{ch,a = 0.0mg/kg
Xz, = 20.0mg/kg

A, (5)R A (L 24 ;
{Ic = (xca + 2z, — 20.0)/y (2g, = ZOmg/kg) (6)
I, = xcal y (%2, < 20mg/kg) @)

% 2 %k 3 EIERA) T (DR, ARBLM-KBERE Cd-Zn HEBRRE K
HrEREMRER(LE 5,

HS5 ITH-KERG Cd-Zo FAFRREBRATREADEREE

Table 5 Indexes of Cd-Zn combined pollution for the soil-rice systems

iy Zn RE #mk Cd kE

(mg/kg) Cd added (mg/kg)

Zn added 0.5 1.0 1.5 2.0 3.0
100.0 0.495 0.711 1.176 1.567 1.875
200.0 0.918 1.047 1.620 2.236 2.650
400.0 2.598 3.586 5.376 7.973 9.569

EFFEFEROEREEREY: X & Cd0.2mg/kg Nid Zn 30.0mg/kg™%
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S R, R AEOR(DXITERE, 18 Cd M Zn M9F KAVFRE S BIR R
% 1.0mg/kg 1 400mg/kg, XSHMEBEWTRBEST 10% HKETREBHERME —
B, AW, &£ Cd M Zn BEEERFET, SHALHE Cd W Zn HREREERE 4
1.0 1 400mg/kg B —ERFEKEN, SHMENR,MYMHREE Cd A Zn &R
2 1.0 #1 400mg/kg B, = 3.586, XEN, Y 1. = 3.586 If, KBE~ENEAERE
iR

L+ KBERSERE K B Cd-Zn NEEHRERE Cd (R Zn) BWRETFIEHR
ZHRGFEE—ENER, ERRAET, EERIANKBERFEMERSH C 5
Zn SENEEUEAREYFRESHEKN Zo/Cd BHEKEEINEEZ HEX 2 2
S,

LUERERENEELIB-KBREESHEREATERENEEZERNE, &
HEAMOPCEEETTERE: (1) BBREH L > 3.586 N, DE-KBRLES &
NEABRETHE ;(2)E Cd-Zn EABERAENARRBAET, 1% Cd
Zn B KRFIVFRAE S BIHRIR 1.0 70 400mg/ kg,

£ F X B
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COMBINED POLLUTION AND ITS INDEXES OF Cd AND
Zn IN SOIL-RICE SYSTEMS

Zhou Qixing
€Zhecjiong Agricultural Universisy, Hangshou 310029)

[Gao Zheugmisl

(Shenyang Instisuze of Applied Ecology, Academia Sinica, 110815)

Summary

A study on the soil-rice system pollution by the Cd-Zn mixture in nature was
conducted using the pot-culture method. There existed some differences between the
Cd-Zn combined pollution and single-factor pollution of Cd (or Zn) in the soil-rice
systems. The differences included changes in the biological yield of rice and the
concentrations of Cd and Zn in brown rice and relationship between biological yield
of rice and Zn/Cd ratios of brown rice. According to the conclusion, s mathema-
tical model for weighting combined pollution of Cd and Zn in soil-rice systems was
deduced. The calculation results obtained by applying the model showed that the
maximum allowable concentrations of Cd and Zn in the soil under the combined-
po'lution condition were 1.0 and 400mg/kg, respectively. This provided a basis for
working out the soil-environmental quality standards for Cd and Zn.

Key words Soil-rice system, Cd-Zn mixture, Pollution



