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Abstract: [ Objectives] The concentrations of heavy metals in the paddy soils and rice seed exceeded remarkably
the standard of soil and food quality of China in the Dabaoshan, Shaoguan city, Guangdong province. This
influenced the health of local people and social security. The experimental objective was to investigate the biomass,

metal accumulation in different parts of rice in the rhizosphere in paddy soils polluted by combined heavy metals.
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The correlations between metal concentrations, speciation and transformation could help understanding the potential
influence of rhizosphere soil on accumulation, transformation of heavy metals and rice biomass. [ Methods] A pot
trial was conducted and 20 rice cultivars were grown in the polluted soils. The rhizosphere soils and non-rhizosphere
soils were separated by rhizo-bag. The experimental rice cultivars were planted in the soils of rhizo-bag and
harvested after 60 days. The root length, shoot height, metal contents in the different parts of rice, available metal
contents in the rhizosphere and non-rhizosphere soils were measured. [ Results] The accumulation factors of Fe,
Cu, Pb, Zn and As were greater in roots than those in stems and leaves. The accumulation ability of heavy metals
was in the order; Zn > Cu > As=Pb= Fe and Fe > Zn > As > Cu > Pb in shoots and roots of rice,
respectively. The concentrations of available metals in the rhizosphere and non-rhizosphere were in the order: Fe >
Cu >Pb> Zn > As. Available Fe, Cu and Zn concentrations restrained the dry weight of whole plant with the
effect followed the order of Cu > Zn > Fe. These elements had the strongest influence on rice growth, due to the
fact that they are the essential elements for plant, with the available Cu concentrations accelerated plant growth.
The available As and Fe concentrations had great influence on Fe accumulation in rice roots where As
concentrations restrained, while available Fe concentrations accelerated Fe accumulation. The effect was stronger at
available As concentrations than of available Fe concentrations. [ Conclusions]The available Fe concentrations had
negative effects on the plant height, dry weight of shoot and root. The available Cu concentrations in rhizosphere
soil had the remarkably positive effect on the rice growth. The available As concentrations in rhizosphere and the
available Zn concentrations in non-rhizosphere had negative effects on the Fe accumulation in roots, while the
available Fe concentrations in rhizosphere and the available Cu concentrations in non-rhizosphere had positive effect
on Fe accumulation in rice root. In non-rhizosphere soil, the available Fe and Zn concentrations enhanced the root
length.

Key words: combined pollution; heavy metal; rice; rhizosphere; non-rhizosphere
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Table 1 Root length, shoot height and dry weight of different rice cultivars
b A (em) P (em) WRTHE (g) T (g) AW (g)
Cultivar Root length Shoot height Root dry weight ~ Shoot-leaf dry weight Biomass
i 804 Eryou804 4.8 +0. 568 26.1+0.511 0.016 +0. 002 0.039 0. 001 0. 055 +0. 002
et 998 Youyou998 4.9 +1.151 27.6 £0.536 0.012 +0. 002 0.031 +0. 002 0. 044 +0. 003
HEEAR 128 Wufengyoul28 3.6+0.239 25.3 £0.290 0.012 +0. 002 0.031 +0. 001 0. 044 +0. 003
KA 166 Qiuyoul66 2.7 +0. 147 23.8 £0.352 0.010 +0. 000 0.021 £0. 001 0.031 +0. 001
KAk 116 Tianyoul 16 3.7 £0.240 24.1 +0.457 0.011 +0. 001 0. 024 +0. 002 0. 035 +0. 002
PHEEE JL Liangyoupeijiu 2.7 +0. 108 24.1 +0. 645 0.018 +0. 004 0.022 +0. 002 0. 039 +0. 005
FHFEA 2168 Wufengyou2168 3.0 £0.450 24.2 +1.135 0.012 +0. 002 0.022 +0. 002 0. 034 +0. 001
F & Fengfuzhan 3.2+0.316 24.9 £1.736 0.011 +0. 002 0. 026 +0. 002 0. 037 +0. 004
ZEF i Meixiangzhan 3.5+0.949 18.8 £0. 693 0. 009 +0. 004 0.018 +0. 002 0. 027 +0. 005
#2425 Huangsizhan 3.0+0.363 20.4 +0. 665 0. 006 +0. 001 0.017 +0. 002 0. 023 +0. 002
1887 15 Huaxinzhan 3.2+0.753 19.4 +0.324 0. 004 +0. 001 0.014 +0. 002 0.018 +0. 001
#1485 Aihuazhan 3.0+0.247 19. 8 £0. 402 0. 008 +0. 002 0.019 0. 001 0. 026 +0. 002
# 32 15§ Huangmeiozhan 2.9 +0. 266 19.7 +0. 246 0. 006 +0. 001 0.018 +0. 001 0. 023 +0. 000
#1E 5 Huanghuazhan 2.7 +0. 281 17.5 £1.255 0. 004 +0. 001 0.014 £0. 001 0.018 +0. 001
¥% H Nuo H 2.9 +0. 829 16.4 +3.308 0. 007 =0. 002 0.017 =0. 003 0. 024 £0. 003
I~ M ¥E Guangzhounuo 1.9 £0.392 19.0 +0. 572 0. 009 +0. 002 0.019 +0. 002 0. 028 +0. 002
F24% Yunnuo 2.4 +0.229 19.8 £0. 484 0. 007 £0. 002 0. 020 0. 001 0. 028 +0. 002
¥ GW NuoGWH 2.2 +0.197 20.1 £0.616 0. 008 +0. 002 0.019 £0. 001 0. 026 £0. 003
Z=fJt k% Zayounuo 3.3+1.389 16.2 +1.554 0. 009 +0. 003 0.014 +0. 002 0. 023 +0. 004
¥%5 CY Nuo CY 3.1+0.208 19.7 1. 172 0. 005 +0. 000 0.018 =0. 002 0. 023 +0. 003
F-value 1.64 11.57 2.93 17.74 11.94
P-value 0.076 <0.001 0. 0009 <0. 0001 <0. 0001
H (Note) : FH R J F-HI{E = F51fEER (n=3) Values are means + standard errors (n=3).
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&2 Fe, Cu, Pb, Zn, As E&E/KFERMEMHFIRAH &2 (mg/kg)
Table 2 Concentrations of Fe, Cu, Pb, Zn and As in shoots and roots
Fe Cu Pb Zn As
iHEL

Cultivar ZEnb o RES = M e RS Eee MR = AR

Shoot Root Shoot Root Shoot Root Shoot Root Shoot Root

—f) 804 Eryou804 3004 83709 37.43 250.59 5.19 49.78 89.35 125.20 3.50 83. 60
LAt 998 Youyou998 1238 97285 49.20 223.94 5.71 63.11 98.96 164.15 3.00 93. 86
FEAE 128 Wufengyoul28 1704 120124 44.98 347.54 6.33 62.66 121.07 206.27 2.54 103.00
kA 166 Qiuyoul66 1768 113426 54.04 202.59 8.04 63.02 137.23 199.83 2.53 99. 83
FAf 116 Tianyoul 16 1782 103947  78.00 235.09 14.95 57.23 193.67 140.45 2.38 100.75
P EEE JU Liangyoupeijiu 2256 112954  50.45 149.82  9.02 60.35 142.87 85.17 3.03 113.55
HAFAL 2168 Wufengyou2168 1369 149379  65.46 304.41 13.38 68.72 244.48 247.03 6.74 87.41
F & i Fengfuzhan 2070 107551 46.76 207.17 6.876 51.51 135.28 194.45 2.11 91.07
ZE7 15 Meixiangzhan 1467 114460 67.18 325.52 9.17 82.79 134.54 368.08 3.03 70. 88
#2215 Huangsizhan 2186 123234  45.56 230.24 7.90 57.50 113.15 269.81 2.99 100.38
483 5 Huaxinzhan 3881 141036  46.67 272.51 8.92 71.77 177.05 331.76 7.47 141.77
%A4E 5 Aihuazhan 3155 123569 49.61 270.89 8.1l 63.72 151.70 327.56 5.26 111.46
w3 5 Huangmeiozhan 5846 122746  56.03 204.02 9.59 63.44 140.47 178.41 6.76  100.53
#1E 5 Huanghuazhan 2824 106257  61.98 322.47 10.80 61.97 240.57 324.50 5.26 99. 64
¥% H Nuo H 5743 110046  55.66 409.03 14.59 62.80 202.43 518.38 9.86 93.36
I~ M¥%E Guangzhounuo 2693 125102 58.78 206.86 10.06 55.24 139.36 342.98 3.63 104.50
F24% Yunnuo 3606 112606  53.97 193.67 9.06 60.88 115.38 240.46 5.56 96. 64
¥5 GW Nuo GW 2852 75586  55.33  196.29 11.54 39.33 157.97 179.14 7.01 48. 06
Ak Zayounuo 2374 146184 102.69 269.49 16.66 70.88 234.87 304.07 4.61 157.45
¥% CY Nuo CY 2376 126581  50.29 275.69  9.89 62.50 186.70 272.92 4.13 111.81
F-value 4.20 3.38 1.52 0.65 1.57 1.83 2.54 1.22 1.27 3.15
P-value <0.0001 0.0006 0.129 0.842 0.114 0.053 0.007 0.292 0.256  0.001

#&3 Fe, Cu, Pb, Zn, As ERKFEMMEM ., RBHEEEY

Table 3 The accumulation coefficients of Fe, Cu, Pb, Zn and As in shoots and roots of different rice cultivars

Fe Cu Pb Zn As
HER

o T T T T

Shoot Root Shoot Root Shoot Root Shoot Root Shoot Root

—f) 804 Eryou804 0.07 2.04 0.15 1. 00 0.04 0.34 0.78 1.09 0. 06 1.33
Al 998 Youyou998 0.03 2.37 0.20 0. 89 0.04 0. 44 0. 86 1.43 0.05 1.50
HEAE 128 Wufengyoul28 0.04 2.93 0.18 1.38 0.04 0.43 1.05 1.79 0.04 1. 64
Ak 166 Qiuyoul66 0.04 2.77 0.21 0. 80 0. 06 0.44 1.19 1.74 0.04 1.59
KA 116 Tianyoul16 0.04 2.53 0.31 0.93 0.10 0.40 1. 68 1.22 0.04 1.61
Wi 5% 1L Liangyoupeijiu 0. 05 2.75 0.20 0.59 0. 06 0.42 1.24 0.74 0. 05 1.81
HFAL 2168 Wufengyou2168 0. 03 3. 64 0.26 1.21 0. 09 0.48 2.12 2.15 0.11 1.39
F & i Fengfuzhan 0.05 2.62 0.19 0. 82 0.05 0.36 1.18 1. 69 0.03 1.45
ZE7 15 Meixiangzhan 0.04 2.79 0.27 1.29 0. 06 0.57 1.17 3.20 0. 05 1.13
# 225 Huangsizhan 0. 05 3.00 0.18 0.91 0.05 0.40 0.98 2.34 0. 05 1. 60
£ i Huaxinzhan 0.09 3.44 0.19 1. 08 0. 06 0.50 1.54 2. 88 0.12 2.26
%A4E 5 Aihuazhan 0. 08 3.01 0.20 1. 08 0. 06 0.44 1.32 2.85 0. 08 1.78
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453% 3 Table 3 Continued

L Fe Cu Pb Zn As
Czﬂr EXT I L I IR AU
Shoot Root Shoot Root Shoot Root Shoot Root Shoot Root
# 3 |5 Huangmeiozhan 0.14 2.99 0.22 0. 81 0.07 0. 44 1.22 1.55 0.11 1. 60
F#1E 5 Huanghuazhan 0.07 2.59 0.25 1.28 0.07 0.43 2.09 2.82 0. 08 1.59
¥ H Nuo H 0.14 2.68 0.22 1.62 0.10 0.44 1.76 4.50 0.16 1.49
I M ¥ Guangzhounuo 0.07 3.05 0.23 0.82 0.07 0.38 1.21 2.98 0. 06 1.67
Fxk% Yunnuo 0. 09 2.75 0.21 0.77 0. 06 0.42 1. 00 2.09 0. 09 1.54
¥ GW Nuo GW 0.07 1. 84 0.22 0.78 0.08 0.27 1.37 1. 56 0.11 0.77
Z ik Zayounuo 0. 06 3.56 0.41 1.07 0.12 0.49 2.04 2. 64 0.07 2.51
¥% CY Nuo CY 0. 06 3.09 0.20 1.09 0.07 0.43 1.62 2.37 0.07 1.78
F-value 4.20 3.39 1.47 0. 65 1.55 1. 86 2.53 1.22 1.32 3.15
P-value <0.0001 0.0006 0.149 0.841 0.122 0.049 0.007 0.292 0.227 0.001
®4 FREKBRMRELRIERERELHHRE Fe, Cu, Pb, Zn, As )& E (mg/kg)
Table 4 The available Fe, Cu, Pb, Zn and As concentrations in the rhizosphere
and non-rhizosphere soils of different rice cultivars
Fe Cu Pb Zn As
s ol
Cultivar HRFR WP R AEREE REPR AERER O RER AERER WREs RS
R NR R NR R NR R NR R NR
4 804 Eryou804 503.52 596. 56 86.56 79.53 15.15 16.89 10.56 10.71 1.87 1.64
Pt 998 Youyou998 514.49 603. 01 84.17 77.69 14.81 17.09 9.35 9.16 .95 1.72
HEAL 128 Wufengyoul28 583.83 591. 18 84.37 78.04 15.22 15.96 12.02 8.78 .85 1.83
AL 166 Qiuyoul66 564. 14 661. 96 85.75 75.88 16.20 17.29 9.92 8.13 .90 1.78
FKAf: 116 Tianyoull6 541.45 592.72 84.98 78.90 15.30 17.25 9.93 9.37 1.90 1.61
L% U Liangyoupeijiu 560. 92 586.90 87.23 76.27 16.46 16.34 10.23 8.82 .94 1.57
HEA 2168 Wufengyou2168  576. 30 614.92 87.63 81.44 16.13 17.75 11.06 9.05 1.86 1.65
F & 1 Fengfuzhan 506. 91 534.87 83.26 79.72 14.10 17.66  11.60 9.62 1.76  1.63
EH i Meixiangzhan 549. 10 611. 83 84.54 78.12 15.67 15.90 9.04 9.28 1.80 1.74
T %2 5 Huangsizhan 622.01 533.32 86.65 79.98 15.51 18.27 9.97 9.38 2.05 1.53
137 5 Huaxinzhan 639.02 520. 69 84.62 82.66 17.16 18.61 8.43 9.65 2.01  1.62
J&AE & Aihuazhan 595.13 537.26 83.72 78.33 15.33 18.04 9.23 9.38 .91  1.67
# 3% 5§ Huangmeiozhan 576.58 610.00  77.32  78.36 14.53  17.36 8.13 9.13 1.83  1.67
#1E 5 Huanghuazhan 528.04 569.91 81.06 81.61 14.47 15.70 8.47 9.83 1.81 1.77
¥ H Nuo H 527.91 575.82 81.65 78.73 13.37 17.49 11.71 9.12 1.87 1.60
I~ ¥ Guangzhounuo 611.01 568.52 82.76  79.73 14.85 16.83 9.21 8.73 1.93  1l.64
F5k% Yunnuo 555.10 577.57 79.04 81.12 1519 16.93 8.43 8.74 2,03 1.77
¥ GW Nuo GW 537.63 460. 78 78.51 80.77 14.43  17.58 8.73 10.12 1.91 1.65
ZfJtkE Zayounuo 606. 32 533.99 79.41  79.45 16.32  16.77 8.74 8.72 .95 1.89
¥% CY Nuo CY 602. 69 556. 35 82.27 81.74 15.22 17.38 8.62 9.23 1.92  1.74
F-value 89. 41 83.49 1.01 0.99 1. 00 1.00 1. 11 1.00 1.00  1.00
P-value <0.0001 <0.001 0.470 0.488 0.480 0.477 0.485 0.483 0.481 0.482

13 (Note) ;: R—Rhizosphere; NR—Non-rhizosphere.
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2.2 RELEFERIELIHPEESESKBEKM
cBREMEI5SH

W E KR KRR A B SR E RS
T aEh R R S BB D B S0, v DA A
TCER AR A B s SO S B iR — 4 B T
KRV WPRGL " o 3 5 AR PR+ FEEAR b + 4 4k
B4R S KRR A A s AL 4 T % 1 0 81 A 3 A 7
FE[ Y =Intercept + a(Fe) +b(Cu) +c(Pb) +d(Zn)
+e(As) ], RS AlHL X FHkm . RTE, 220t

TEAEAR T, RPs ARG Fe K H MR
LA Co MR S 1 {2 HEFE T, A RS Zn X8
PR EES] TIEHEIE T A RS Fe XPARES Fe 191
FEB| TSR, A RS As TR B 1 R
Mo AEMRPR LA RES Fe il Zn XK AEHR A 2
F L AR R A A KR R T e AT ARR
PR A8 Cu Bl Zn XK FAARTR Fe iR 0 2
F b Cu X KREARER Fe (9 F SR 2 T fie 2EAF:
FL ARG Zn WHE ] TR

x5 RER, EREGBIEFERNSEECESABERKERRZBAUEESENZR T BTN
[ Y =Intercept +a(Fe) +b(Cu) +c¢(Pb) +d(Zn) +e(As) ]

Table 5 The stepwise regression equations of available metal concentrations in the rhizosphere

and non-rhizosphere and rice growth and metal concentrations in different parts of rice

Y HE Intercept a b c d e P
MR 4 Rhizosphere soil
Pk Shoot height ~13.7958 -0.0360  0.66637 0. 0002
T Root dry weight -0. 02568 -0.00004  0.00007 0. 003
2501 Stem and leaves dry weight -0. 0040 -0. 000009 0. 0009 0. 004
#pk T3 Dry weight per plant 0. 0089 -0.0002  0.0046 0. 0038
HB4k e BE Fe concentrations of root 1142 432.784 -73546  0.0001

JEARFR 1+ Non-rhizosphere soil

K& Root length -9.482
HRERERUR BF Fe concentrations of root -103628

0. 0094

0. 78334
—-24780

0. 020

5649. 2152 0.019

3 ifig

3.1 &REKBEENNIBEE
AR R BN, As| Fe, Cu, Pb, Zn 7EHEY)
SR KOS i 0 W AR 58 4 — B, BPAR B0 5
FlOCE M B4 £, 28 mx H LR I A —
o X UL 4 IR AERE Y IR N 3B RS e A TR
[, RIS RT, AR A 2 TR W4 J8 oo 2% 1 T %2
YER, AR A A L RE T A7 A6 R IR A8 07 15
ALK 4 JE B I E Tt IR 2800 & 48 o
ATKFER NG , R 53 45 FR FR 1 AR, AR 2D ) Hhy
TR AR TR Zn A, KA SR £
REE E TAHRER , LA 7Edh AR, Fe JT
Fb_EF A A R BT A A RS A AR
(6% ). T Fe TR LR ACMHEMR S, HAR R
Xf Fe MR R A6 T fR5R , R4S Fe JURTEKAEZE
PR SRR T (AR R R Fe S 1 LU 0N (H T
SR Fe 7EZEMF iR OB R B, L, Fe LR TE
WRREMZEN S EHEE R TFHESETE,

BRI EY A TR e I
HAHN TR 2L, O T A R R
JE I = AR AR BE ) 15 55 , 10 BH EE 42 R AR A
NI & EEN e — e BB e T 3% - Y &R
GCRIRHMEG FEE . Fe, Cu, Pb, Zn, As fE
HEER ) 4 2R B0 KT HoAr 25 10 6 4 R 8, R W
XL EICR H T B AR L HR R TR 2
RO Y . WASR S Z A E R S R AR
— BT n R A E AT R B, A K
el b3 Cd. Cr, Pb & 82 R BCER/ N T30 T 4R
Fo, MARE RS T AT5 U Cu, Cr, Ni Al Cd
TEIK FEAEIR 1) B2 R AIE , 45 R 36 I 5 4 B 7 /K R
FE AR A TR R e 4R R B0 K /IMKIK A : Cd > Cu
> Ni > Cr, HEFR 4 J@ s 4R R BUS B & BB AL
WO AR R AR 2 — 100 1, A 4 @ KR A
1R AEARTS D ) 3R iE R . AR S A 4
JEAEZE I FIAR R 00 & 5 R A = BUIHE T 2 ) R
Z/n > Cu >As=Pb=Fe,Fe >7Zn >As > Cu >Pb,
VL] Zn fy B AR 2R B i AR ) b BT S g
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FIAE R4 AR S AR A, Fe B 31 AR R A
iBRE S ik, As. Fe 1 Pb 78250 1) & 4 g J1 M
2 {H Pb 7EAR RN & 4 RBUE FOFP 4 )& h R/,
Wil Pb pl 3 A AR FR (3T RS RE T 2 TR 4 s Hh i
F5AY, X FESE T 3T Pb A SN
& ,Pb 58 COT L SOT B TR MU AR /N
i PbCO, . Pb(SO, ), F1 PbSO, , [H it Pb 7E + 3 4z
MERS SN, Ph AR AR 1) M b AT B fiE ) o
55, Pb 8 7K A AR 28 WA AR 40 4 181 /2 Rk, B
ISR s L ER A XL 5 Ph R IE TR A
TR R ARBFSE R Ph EAR TR A E 5
MERE A R BRI 70% 247, e B B LN
83.45% , EH&E @it Cd, Pb H A5 YM £
HE - KRG 2R Ge A0 5T R B, Ph W K ARG I i
J& 29 81% ~ 85% FR R THLHK, GASCEERAR M
3.2 KERESERREETEXNKBEKNE
mikERZEER

AT KRB A s 4 @ K R i A=
K B 4 T e /K R M P9 AR B8 1) S e 1 FH 9 T EAR B
TS AR (K S5) , AT, KRR PR AR
R R AN () 4 S8 T 285 1) 2 S 5 KOG /K e A 0 o 4
JEAE KRR AR P 43 A 1) 52 W)t 4K, 156 B /K R AR B 1
BlE L5 M KRG 4 1) W G RN 40 A3, 328 T 5 i 1)
KFEAEKET. £S5 SRR EFHAES Cu,
Zn F As B TARRPR £, H Cu Fil As 1R PR
FHERPE L SR ZEFEE (P <0.01), X557
ARES & @A B TG A G, Cu Ml Zn B A K
IR A BTG PR AR, 5 A B T AR B iR £ A5
Cu Fl Zn TEARPR - oA RS & BB AER R £ &
As 585 (P) ZERIEICE, B 5 P AHM b1
JR B AN A A X T g e B A
MR B3 A v i 3 T AEARPR £ B R, AR PR
+ G 57 Fe(P > 0.05) fil Pb(P <0.01) 5 H A
FHEARPR £, X AT RE & 1 T Fe (19 R A IR,
JE DA 1 AR 1 7 35 VR L Ph A B BV AE )
RO M I RE ST X B R OT R PR AR
U5 XHAR PR Fe F1 Pb (3% AL AR T, MU (i £ AR
br A 504 Fe A1 Pb & RARTFAEMRPR 1.

B A M 45 R R AR B = A 34 Fe Al
Cu X HRfE . T REMZEFRERAEASCERE A
WA Cu EFE R TH S Feo AR Fe, Cu
1 Zn XPEERE T EA R B, VR SR 55 0T
H:Cu > Zn > Fe, LA, X FKAEAE K m
TER R 3 Fra RS 48 Fe . Cu Al Zn #4048 Y)

KT TEIITC 2 . ARBR A RS Fe Fl As XHR &
Fe (15 B FIACR 538, A58 As BEIMH TR
Z Fe [FLE AR Fe B EMEHE THR R Fe (I
2, HARES As BIVE ISR T4 805 Feo JEMRPR -
R B A K (AR ) R 4 S B B R (AR Fe &5
) VRSO B E R A Fe, Cu Fl Zn, 3% S5HFR A
AR, R WIE R S0 R A5 Y 13, Fe | Cu,
Zn F1 As SRR I AR R 4 8 78 LR P 1 AR B AE
OB R TR E.

AT, T HK 3 Fe &R R, KA
Xt Fe B I AR L AE 7 SUAR R, AL bR 1 v i A 2803
Fe Xof 7K A 14 A A 31 T AR 3 9 00 0 4 D, A s
Cu 1 Zn X KR B A 1R T2 1) T 42 R4 T, T
e HAE L SRR A 36 I F R B
5% Pb Cd 424515 et AR R AR K 2 b R S 4 B
Pb . Cd % B i REAS R KRS A K, vk ot
TR RO . 28 B R SE R W, 1
1 Cd, P, Cu., Zn {EARHEBE AR /N | K AGSEAE
W) A KA AR fELE 3o — 5 Wk 3 sl 2400 o
Wi A i BFIE RN B 5O FERFSE Ph
Zn, As AT YRT KRR A KA I 2 B, 2 43
HKIEZS Pb K F 40 mg/kg MTEBL R, Zn FI As 1Y
FEAE R BAN KRR AE K . SR MK R N 3 S Ph
Zn, As W 53 ([ Fh - SH ST fg 1A 45 4, HAp
P23 , AT BEL s K A B ' 4 P 258 A QS 2l
(KRR T R R o ASEFSE R 13 Zn AR
JIRME 9 115 mg/kg, XK R A KWL B] T —5E B
AR, 345 TR R AN ek R O RS IA 10 3
i Zn YR EETE 200 mg/kg LA, B Zn 3 5 A%
TR 9 £ e 2 S B A — B

AL R A, K FEHRBR L A 8s Fe AT L
R HERR RN Fe FOFR R, T As IR 2 %) Fe (97
2 B, RBFR S TT  BBR A RS Fe 54
A As FIONIEHER . A R E A5 Y i
FERIRI B AR B DF T S5 . A R 5E
IEWESE Cu, Fe Ph X 5405 A K 0 60 S R, 4%
ML (5 wmol/L) fy Cu., Fe, Pb Z MIJEAFK I K
UV P, (A5 B T P4 O BT T i . SO
S RS 3B, Cd L Zn 52 A A X KRR AR PR 4
J& S B RS LA — E 158 AR Bl ) 77 e
25k, WRat#RaE ™ Nk Cd F1 Pb [ IS A7 7E I, Pb
A RAZEEL Cd 78 3 i g B O R e e
Cd B9 20k, fef FE 5 5 Kk R I % i, BRIt Pb %o
Cd Mz AR B EA IR . ik, & B E a1
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et o JUHOE 2 PP DL BB m TS A AR
Z IS HAR BN SRR, XK A b, A T5
GBI AL | R DA S R PR . 4
AR N A YR, HAg HAE LA, £
B RAWIE

4 LEip

1)Fe, Cu, Pb, Zn, As 7EARFRAY &4 R IR
FHAZETWE LR BV EBTREH TR
ERARWHRRTE 2 EHRTHE RS

2) SAEMRPR LA MS SR, RPR A
RIS 4 X KRG A A B AR AR R R 5 5 149 52 ) B
KK AEKZWERZEN =MEREER
Fe, Cu Ml Zn ¥ YA K BT b TF 10K

3) PR AW Fe, Cu Fl Zn ¥ BEXT K FG
TR T E AR IEH B3 VE R ST A Cu
> Zn > Fe M+ PG Cu XPKREAE KT
EVE ik o AR B 45 303 Fe Al As XJAR R Fe
AR B IR B 2, A RS As BE M TAR R Fe 1Y
TR AR Fe W B E2 0 T HAERRWBER, A
AR As 1E R T A RS Fe,
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