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Abstract: To investigate the impact of soil heavy metal content and foliar fertilizer types on heavy metal migration in rice, as well
as the quality and safety of brown rice, the study was conducted in the rice planting areas with high geological background in Luxi
County, Yunnan Province. The contamination status of paddy soil in the study area was assessed using the single factor pollution
index method, Nemerow comprehensive pollution index method, and potential ecological risk index method. Additionally, two
different types of foliar fertilizers, manganese-zinc fertilizer and silicon-selenium fertilizer, were used as experimental materials. The
effects of various foliar fertilizers in large-scale field application were examined by using transfer coefticients and other indicators. The
results showed that the average concentrations of As, Cd, and Cr in the paddy soil exceeded the background values of soil heavy

metals in Yunnan Province, and the variation coefficitents were high; Cd pollution was significantly severe. However, the overall soil
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pollution in the study area was classified as light. As, Pb, and Cr showed slight potential ecological hazards, while 40% of Cd
exhibited medium potential ecological hazards. Nonetheless, the comprehensive potential ecological hazard index indicated a slight
potential ecological hazard. Compared with control, the application of foliar fertilizers was observed that the transfer coefficient
between stem and leaf-brown rice decreased, resulting in a significant reduction in heavy metal content in brown rice and stem and
leaf. Importantly, no significant differences were found in yield among the different foliar fertilizer treatments. Manganese-zinc
fertilizer demonstrated more significant fertilizer efficiency compared with silicon-selenium fertilizer, making it suitable for
large-scale field planting.

Key words: soil; heavy metals; pollution evaluation; rice; foliar fertilizer
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1.1 HARXER

WFFE X AL T 2= B 4 20 95 78 L A SR K A AR X (103930 ~ 104°03'E, 24°15' ~ 24°46'N ) , 4Kk
1680 mo HAE W HGE KA R, AR R 21°C, 4EREKE 1100 mm. BFFEIX DIFMEN R &, &
BRI EEYA KRG . TRAUINE . Horp, KB 415.3 hm?,  SFMDEE S Y 16.8%.
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1.2 TEFRFEERNE

FERCREEH S AL TS IX, WAL 6.67 hm®. S 08 (¢ H 3 EREE F R WIS ) (NY/T 395-
2012) " AHSCERR, TAKRERAE AT R N A IR I X R AE 0 ~ 20 em A9 H3ERESL 20 4. 4 0.33 hm?
BEE—AREES, T GPS AN, HERSAIALIC R BTSN, HAERARAE SRR 10 m x 10 m {5
FINAT L 5 ARFES, REREER 5 0 HIEFER ISR E N 1),

KA RS B ARXT, HIEESE PR T 15 mm AYZLR, BFESJS 0, PUJMZER 1 kg HIERES,
VERFRIARE S . AR HEFREE WM AR ) (HI/T 166-2004 ) U7 % 4-3% pH, HHLF . As. Cd. Pb.
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PR TFIG YR BRI TR, 3 p B I5 Y n R S5, TTRA

Ci
R:E (1)
L. PRI IS YRR CoOoNTE YY) | IS A S, TS i BOARME(E (DA S
PR A T ) o
132 ABFEATRERE

SRR T AR B DR AR TR ) Wk BE TS e, NI i B SO A s e, AR
_ 2
(P) +P.
— (2)
A PN NS A5 880G PR — AR E IR FR H T E; P, B3P 15 Y8 50
PN
1.3.3 BEESKEISHZE

F Jiti ML} 22 58 Hakanson'"™ 42 ) AOVEAE A= 58 FEHR SO E IR B XS PPN h E 9k 1238 . HR AR
.

Py =

C,=Ci/C, (3)
E, =T/ xC} (4)

RI:ZEi:ZT;’xC}:ZT;’x% (5)
i=1 i=1 i=1 "
Arp: CONB—ESRIREREG CONERRITRMEIR SR C NI RIS & (R
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1 HilHmEE
Table 1  Foliar fertilizers in the test

- A7 B C 3
Foliar fertilizer Main Ingredients Manufacturers
B B AL Mn+Zn=>10.0%,, 1P S5 B e R SRR A IR A R
Mn and Zn fertilizer Mn=5.0%, Zn=5.0% Hunan Xinlong Ecological Environmental Protection Technology Co., Ltd
ok 475 AT Si. Se 0 A8 AR B B BE BT AR oE -5 A6 B AR BF 5 B

Si and Se fertilizer Quality Standardizing and Testing Technology Institute, Yunnan Academy of Agricultural Sciences
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AR IR . BRISHENT HIACAN, HAYRT . H . B R 55 F R0 B4 40 24 1 o A S A 7 Al
T AR R A AR, BB R N TG, AR R S KRR b B4R A R H A, A
(RGN : TR FEMAR LBk 30% ~ 50% 85— R EiARREE , it FH AR — T R EESR) (240 g)
A2 AR E AR T 30 LKA, FoAMRA1 G ¥ AImHETE 0.067 hm® HIBH, 3 ~5 d J5sbf 758 kIt ;
B AR F 7K RS 28 A R RO & W 1 Uk, WS BB o D BE VR A BE 500 £ JE H A0 mE
0.067 hm® [,

1.6 KTEM EAEIF LR IS HE R &E . WE R EHES
1.6.1 HFmEREMNUE

FIORAE AR HIERR AR S, FHERAE L S8 —8 5 HHERENRFESME -8, &1
AR S T R RO R, bR, AR 2 Bk, — SRR R 10 ARAERE . B 10 GYRES R
MR ANR A, MRS KEE CE SR EZ b P il ZICHLE A E ) (GB 5009.11-
2014) P (A E S ER LR RAIE) (GB 5009.15-2014) Y (&5 AR E ) (GB
5009.12-2017) ™ (frih bR B9IIE Y (GB 5009.123-2014 ) ™ 43 BIXf K FE2Ent . Bk As. Cd. Pb,
Cr & A TR
1.6.2 HIESH

K H Excel 2019 Fl R Core Team(2022) X[ a4 148113 #r . 1t 1158 pearson AHOC R BUCFIXT L P 1A,
SR KRR R G AR A A e s R 200 22 0 T MUK RERR Sl 250 SRR TG 28 24, dEA 7
NEFfiE . iz REGTHE AT

A2 ZBUTF o) = oK ES B & /22 EL R e (6)

2 BRERN
2.1 TERKEH EHSESESESIT
211 TESSESEIE

F5E X A HEAE S pH E A E 48 S m W 2 iR, 88 pH XA R 7.09, ARLIERR 6.51 ~ 7.39,
b PELTE L HHE As. Cd. Pb. Cr P& ESrH1R 25.7. 0.689, 39.7 Al 224 mgkg . HH, As,
Cd EE#d ( EHERE AR i+ 185 Y KU s bnifE (IR17) ) (GB 15618-2018 ) Y 4 il it + 3875
YRS TR VR . 20 63 THERES AT 10 8 As. 11 4 Cd F1 2 1 Cr B XS T deqil, SRR 50% |
55% 1 10%. SMAKRE, MRX 3N As, Cd ZAT15 Y RKRE L, HAfe= B & e RefA e . +
¥ As. Cd. Pb, Cr WP E RSN omME TIETRMERN 1.4, 3.1, 098, 34 1%, 14 As. Cd HF&EH
T RBOIKT 36%, JBmEEAR, Pb. CriWAE R RETE 16% ~ 35% Z 1], JEh s, RUIZ As,
Cd 154 HIEH) 2 [ A AR, 32 JmiB e s e A o &5 A F 98 IX AR AR, Ry 2 A P AR, 4l
Hof b 418 4 ARl U n] B T 32 ARG Sl
2.1.2 Kig A ESE ST

W58 IX AR AL FK RFZE TR As. Cd. Pb. Cr (EX & 243518 5.66 . 0.06 . 0.65 1 5.45 mgkg ',
BEK P SR 0,187, 0.007. 0.293 F10.511 mg'kg' (F£3) o W (BN ZALEFFRER ST
TSYYIR ) (GB 2762-2022) ¥, ARUCREMREKFEDAT 6 1 As, 714 Pb, 1 1F CrocEHEEML4E
BRBRIEAE, HARRIKICN 30%, 35%, 5%. BEAFRESHACE 5 H6IH Ccd T,
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x2 ITEFESESE

Table2 Heavy metal content in soil

~ o o R R % + 5 Sl
$5 45 F B {H PN R o 2% TR Son
. o o Coefficient of Soil background
Index Average Maximum Minimum Standard deviation o
variation values
pH 7.09 7.39 6.51 0.24 3.40
As/ (mg-kg™) 25.7 56.3 8.82 12.6 48.9 18.4
Cd/ (mgkg") 0.689 1.40 0.217 0.42 61.2 0.22
Pb/ (mgkg ') 39.7 58.3 17.3 11.6 29.2 40.6
Cr/ (mgkg ") 224 317 78.2 62.0 27.7 65.2

H: ZA LS ES] AT ERERN R (1990) .
Note: Soil background values in Yunnan Province are quoted from China Environmental Inspection Station (1990).

x3 KB EBIECRERE

Table 3 Heavy metal content in rice aboveground part

2L Stems and leaves #& >k Brown rice
L T Bkl BOME ARdE BERRE SR Bk BOME ARdEZ ER R

Index Average/  Maximum/  Minimum/ Standard Coefficient of = Average/  Maximum/  Minimum/ Standard Coefficient of

(mg'kg') (mgkg') (mgkg') deviation variation/%  (mgkg') (mgkg') (mgkg') deviation variation/ %
As 5.66 11.3 2.53 2.51 44 .4 0.187 0.287 0.101 0.053 28.4
Cd 0.06 0.175 0.023 0.047 78.9 0.007 0.037 - 0.013 187
Pb 0.65 1.04 0.42 0.21 31.6 0.293 1.200 0.014 0.383 131
Cr 5.45 12.6 1.81 2.39 43.8 0.511 1.100 0.204 0.248 48.6

22 MRRIF|ESKER EDESESERXEST

N TR AR R G P O SRR, MR X 3 KREZEM SOk ok b 4 @ AT T A G
PR, IR BR. H4Ed As. Cd. Pb. Cr FIRIZ A W35 IEAHSCHE R R, RIS IX - 58X JLFh
JCE T REA AHRIRIR . S5 G AT M INES, DX 3 As. Cd. Cr Sl 2 pa BT 5,
UE— AR I i X 4 R JR ™ E A2 ACATE S . HHE As. Cd. Pb. Cr A& 2 5K AR SREK
XGRS R IEMEER, RXBESLSE TR SPOKRBRIOE, RR7eRkh S5, KAgH
By As. Pb S HA BEMIEN:, Cr SHAUTRZ MR AR,
2.3 MRERIT|EREREIFNH

iz FH LR 15 Ged B0k AR 25515 Yt B b o IX 8 & i A s A Tt . PR FIs Yed gk
AR (R 4) KW, FRX THEARZ Pbigy, ARG Crish, As. CAVGREN™E, 4
50% W) HIEAFAEARRIBREE RIS Y Hoh CA s 2, 20% HIEAAAE Cd MEETS IS . il WAl
B L TG PR ROE I — ST X A T2 BN (3R 5) |, BFFRIXAN 35% R L% 4, 10% fh+ 4
WETFHLE, 55% B HIEZ BRI TS Y AR, ZIX IR S As. Cd B ATSYLE L, 5
AR SCHBI T
2.4 FAREXTEEEEESKE TN

SIS AL As. Pb, Cr IIBHEAESAEEREI/NT 40 (R 6) , BTRHESAEHR, A 60% 1
ML Cd TRIERMAESEE, 40% S0 Cd TR ETEAESAEE .. LA ESEERERATR X
HHON RS E, Hih, Cd JCEMFIE X IELE AR ST FE IR
2.5 MEEMKBESEESENTMN

ETFMRXLHEZ As, Cd ZAT5YRBR, SR A mt i miIE 4 77 =X B e A ™= i vl & F 4
N S SR
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T
™
n

S-pH
S-As
S-Cd
S-Pb
S-Cr
L-As
L-Cd

L-Pb | 039 0.29 - 0.37

L-Cr 0.12 -0.19 -032 047 0.02 -0.15 —0.07 -0.12

R-As 0.14 0.18 0.04 0.26 0.12

R-Cd 0 022 029 0.3 003 0.18 038 0.13 | 0.39 0

R-Cr —-0.16 —0.01 —-0.11 0.03 -0.13 —0.08 —-0.21 0.06 0.12 -0.26 —0.27 -0.05

PfE Pvalue —1.0 —0.8 —0.6 -0.4 —0.2 0 0.2 0.4 0.6 0.8 1.0

0.3

L-Cr

R-As

R-Pb

H: S-pH. S-As. S-Cd. S-Pb. S-Cr /Bt 13 ig pH. As. Cd. Pb Ml Cr&4t; L-As, L-Cd. L-Pb. L-Cr 4 B3k RE2E0
f As. Cd. Pb #l Cr & &t; R-As, R-Cd, R-Pb, R-Cr 73 HI{RFAKFEHEK P HY As. Cd. Pb F1 Cr & ik, *fRE P<0.05, **{F P<0.01,
wExfl R P<0.001,

Note: S-pH, S-As, S-Cd, S-Pb and S-Cr indicate content of pH, As, Cd, Pb and Cr in soil, respectively; L-As, L-Cd, L-Pb, L-Cr indicate content of
As, Cd, Pb and Cr in stem and leaf of rice, respectively; R-As, R-Cd, R-Pb, R-Cr indicate content of As, Cd, Pb and Cr in brown rice, respectively.
* indicates P<0.05; ** indicates P<0.01; *** indicates P<0.001.

1 TEKBEMNEEAPESESEMEXRHTRLE
Fig. 1 Visualization of the correlation coefficients of heavy metal content in soil, stems and leaves, and brown rice
*4 TEHBTUTRIEH
Table 4 Single pollution index of paddy soil

PO T Y 45 K V5 Y 4 o 75 Y4 &5 Lt Proportion of pollution/%
Individual pollution index Pollution level il As & cd £ Pb ¥ Cr
P<1 T 15 Y4 No contamination 50 45 100 90
1<P=2 % B ¥5 % Mild contamination 45 35 10
2<P<3 i1 JiF V5 Y% Moderate contamination 5 20 - -
3<P, H 5 4% Heavy pollution - - R -

251 ARMEENKEESERRHZIT
o3 AR FEAC ANRERRACAL BE 2 PIOE 501, M FIREK h HE G Jm RS BLUNZR 7 B, wl AR
Wt - T A i A AR 25 I RS K A [ e 0 S i SR TR B A . R A B BRE R BE B 30%As R
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35%Pb Hbr, 5%Cr Hbr. BUGRERMILS, KFEZEr T As. Cd. Pb. Cr &30 TR 13.7% . 13.3%.
23.3%. 16.8%; fKH As. Cd. Pb. Cr (W& ENHI TR 16.6%. 42.9%. 65.5%. 46.6%, As. Pb Byt
RAHIR 15% . 25%, ANFEAE Cd. CriBbriyig . BOEEEEHL)S, AKAEZEnh As. Cd. Pb. Cr &
I3 R 21.4% . 31.7%. 35.5%. 46.4%; REK As, Cd. Pb, Cr A& w45 F M 31.0%. 71.4%.
76.5% . 65.0%, kK&K As. Pb (IR HIN 5%, 5%, NFEAECd . CrilBARIELSR . XF IR F= i Ny
11 028 kg-hm >, WHiEAEAAL . 4REEAES P58 R 11 020 kg-hm >, 11229 kg-hm >, PP AR AE AR K Fs
B G, (X)W R, MRS, BUGEEEAC A E SR & B E 7 MRS R
x5 THEATRIER
Table 5 Comprehensive pollution index of paddy soil

EREREE X R IEE =3 IEE =l
Comprehensive pollution index Pollution level Proportion of pollution/%
P<0.7 % 4 Safe 35

0.7<P.<I1.0 W LR Cordon 10
1.0< P, <2.0 12 i ¥5 4% Mild contamination 55
20< P <3.0 b B 75 4% Moderate contamination -

3.0< Py T 75 ¥ Heavy pollution -

Fo ITREANBESEEBEESEERYRGEERLESRERY
Table 6 Potential ecological hazard coefficients and comprehensive potential ecological hazard indexes of

single heavy metals in soil

WAL EE A )E i I WAE S G A 15 Y S AL
e (i . . v % Az 25 AU 28 5] L
ZREU(E) A 25 UG 95 Proportion of each metal/% EILE (RI) Ecological risk ke
cological ris
Potential ecological Ecological risk level Potential ecological ¢ Proportion of
As Cd Pb Cr . level . .
hazard factors hazard index pollution points/%
40<E; FRCESET 100 60 100 100 RI<160 il 100
' Minor ecological hazards Slight
P j\(\ %; Yarany
40<E'<80 PELES ﬁi y 40 - - 160<RI<320 il N -
Moderate ecological hazard Medium
) i KAIG = i
80<E, <160 BED .f”: - . . . - 320 <RI<640 i -
Strong ecological hazards Strong
‘ p s p
160<E'<320 AR 5 A ﬁi% ) ) ] ] 640 B )
Very strong ecological hazard Very strong
320< £ e it A 2 ) ) ) ] ) ] )

Extremely strong ecological hazard

x7T AEBEMHEELETKEEHNERTEAESREFHRRE
Table 7 Average accumulation amount of different heavy metals in rice stems and leaves and brown rice

under different foliar fertilizer treatments

mg-kg
22t Stem and leaf #& > Brown rice
E: é E 1 - 1 T 1 = 1
Heavy meals B FEIE 8 o« B B ol o«
Mn and Zn fertilizer Si and Se fertilizer Mn and Zn fertilizer Si and Se fertilizer
As 4451 4.886 5.663 0.129 0.156 0.187
Cd 0.041 0.052 0.06 0.002 0.004 0.007
Pb 0.420 0.499 0.651 0.069 0.101 0.293

Cr 2919 4.532 5.447 0.179 0.273 0.511




46 T &8 5 £ %9 E13%E

h—l i 200 2250 (MANOVA) |, X HEBEEERFEAL | REAGACHIRAL P 3 Fhib B /KA RE K
BomEReE (K8) o MT AsTiFH, BOGEAEMALME AR R E 2R, WO FEAL 5 X IR
ARPREIAAAE 55, RV FEIL vl 2 RO RRRE K As &, TEREKPTFEAE As BFRRIRRT, nlft
JEEFFEAFIE . YT Cd i, AP AFAERE 225 . X T Po i, Wi pish i i AL A Ak B A AR
RFERS, EWOEM AL S X A A e 25 5, R UTMFR T T AL T i 35 R IR R RE K Pb &, Cr
Pb Z51EAHIEl . I, FZMIX 2 ZoeaRinhy, WInLse™s el AR L .

xR8 BERLAENH
Table 8 Multivariate analysis of variance
AR G () b33 TEH 2 E 1)) P o 1 2 35k
Dependent variable Treatment(I) Treatment(J) Mean Deviation Standard error Statistical significance

As Tl A 2 %% B2 I Mn Zn fertilizer 0.027 0.015 0.184
Si and Se fertilizer & &b # Untreatment -0.031 0.015 0.099
i B L REAT T Si Se fertilizer —0.027 0.015 0.184
Mn and Zn fertilizer 7 Ab P Untreatment —0.058* 0.015 0.001
R AL B BEAT AT Si Se fertilizer 0.031 0.015 0.099
Untreatment % % JIE Mn Zn fertilizer 0.058* 0.015 0.001
cd ik it AL %ifi %% JE Mn Zn fertilizer 0.002 0.003 0.787
Si and Se fertilizer & 4b ¥ Untreatment -0.003 0.003 0.679
L BEIE i il A Si Se fertilizer —0.002 0.003 0.787
Mn and Zn fertilizer & 4b B Untreatment —-0.005 0.003 0.297
Ak 3 RET AR Si Se fertilizer 0.004 0.003 0.679
Untreatment % B2 I Mn Zn fertilizer 0.005 0.003 0.297
Pb Fel A A 4% 4% I8 Mn Zn fertilizer 0.0317 0.073 0.902
Si and Se fertilizer & &b # Untreatment —-0.192% 0.073 0.03
i B L i B I Si Se fertilizer —0.032 0.073 0.902
Mn Zn fertilizer % 4k B Untreatment —0.223* 0.073 0.009
R Ab REAT AT Si Se fertilizer 0.192% 0.073 0.03
Untreatment % % JIE Mn Zn fertilizer 0.223% 0.073 0.009
Cr ik it AL %ifi %% JIE Mn Zn fertilizer 0.094 0.054 0.199
Si and Se fertilizer 7 4t P Untreatment -0.152* 0.054 0.018
L BEIE i il A Si Se fertilizer —0.094 0.054 0.199

Mn and Zn fertilizer & 4b 3 Untreatment —0.246% 0.054 0
A A4b il fifi B Si Se fertilizer 0.152% 0.054 0.018

Untreatment 4% BF A Mn Zn fertilizer 0.246% 0.054 0

2,52 AREMEEMABESEHIEZHNEZN

WEGTEE R FEHT (36 9 ) TR vag o8] 375 751 25 ] [ A1 B 4 i A 25 PR K B A 6 2280, IO FRAIR B 4 SR 7E
BB 4E . SREEIETT LUE As 32 ZBUIEAL 8.3% , Cd #5i5 ZBURA% 34.9% , Pb %15 ZEHAIK 56.7%
Cr 7518 BRI 19.6% 5 RERGAE O] fl As 5515 REFL 5.5% , Cd 7548 RBFRAK 33.1% , Pb 548 REU%



E1H FEES: 2ERITFNRR HIRE S BRI R K FEr EAR L 47

1% 51.3%, Cr s BRI 31.8% o PIFPIH IR AT B EREARK ARG Cd. Pb Y6z %L, MMIRERHAE
BRI E 4. [EXKAET As JURZEMREK 512 RE M A B3, TSR SEAEROK TKIHAELE As
AR BN Z —

RO A MAEHTERAEGKEEERBEEERE

Table 9 Transport coefficients between brown rice-stems and leaves under different foliar fertilizer treatments

Kb 3 Treatment As Cd Pb Cr
% 5% I8 Mn and Zn fertilizer 0.033 0.175 0.183 0.086
FEA AL Siand Se fertilizer 0.034 0.180 0.206 0.073
CK 0.036 0.269 0.423 0.107
3 3% ®

31 TEESRFRSBHEESKEITMN

WFFE X RR A %, IEAEAN T AATE As. Cd. Cr S BAriy g, (HUREE 13 Prss i
AR -G Y G B brifE (%47 ) ) (GB 15618-2018 ) ™, WIRESx plti5 Y HHE M mi Ay, - 30bk
TR IR

THEE GBI AR AU YR Rk . W RO | R AR S EIRBOASE . LIRS
PAERCRMT, As. CAiGYFPUE T BTG QIR R 0 5% A1 20%, A3 Pb IG5k, WHED LRaT5 s
BOkRUIA 10% AR AL TEM, 55% B9 LAEG R TREETS Y . LR PR I IE RO 1 ik B2 15 4
Yoxof T HEFRST R AT, RSB 5 5 SR — DRSS, (22 T ARG R X E Yy
AEREERIRRIEMAY . VB AR A A T AR OHS T i Y B A 1 A SR S T R SR A Aok
BRI HTEEREN, B 40% MRS Cd JURAL T rRaF ARG ETAN, IrAMER I TRAESEE, S5
TG RAEEQE PP A RA—8 MIZR LS TR BONR WP I X LAt TRMAESEE, W
HIMEERA—E WREE PR A S TR EOL T A TR RN R 8, EUERGR ,  H X TEEm R
B/ N G SR ITT RN S 2™,

WHFEIX Cd JURTT YRR, TR R A, RIS A S, 26 A S MU 18 Kotk ik
Ko HARSZREON 61.2%, Zm i 8, NI EOEMFEIX A Cd BRI, i TAEYXS B b e 4
Jm B AR F B P AT RS SR 2, (H 2 AT LSRN ] DX IR [F) 28 2 4 M o 4 s A7 R P A LE
B AT 43T 43 B e R B A, X T AR 5 Y IR S KR LT TR
TR RMEDEIX As, Cd. Pb M Cr AF7EIEAS, LR HAEA R T ik — 25 0P
32 TEESRAESKEESREEMXN

FHRAE WA SRR, WHE X b R A e Z R S oo R BAFE R 22 AR, X5 Xiang
SO BTSSR 2 BRSE IR 2 BN RN As, Cd. Crisde, AFELE Pbi5Hs. X RZAREKFE
dn PRGN As. Pb bR, AR Cd, MRG0 ) & B S /KRR K 8w 5 B 2 )3 G
Pho XATREE N T LS GRS HIE SR AaE SR B IEMOOCR, [HEESTIEBOK R
HY, AR RS P 4 i e AR R DRI, KRR K 10 4 5 e I A2 - T 4 1 A A R R
5 e G SR RGO

WFEIX L3 Cd 1Y ENERER FPORAH Cd BYBEIN ATBEy . Hi—, Cd fE RSP AAERIE S 0L
B 13 pH AR FORZS M, LA S i, Cd iR R A A st b By Hoh, &
H& pH BNy 2 0 B 43 DRI DG HE L3N, AR PRI, Y L3 pH Ol 6.5 1, E4
JEARES SRR, BE pH it— 2T R, ARG S REEE, s gk, HAR Cd &
R, AT KRR T, AKX G E W AR RE S T T 22 5 R B T R mELis ik figaEpl
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PRRAGRRE R ASY ) L S50 fF g 20, RARR B Al ot B AARS K A0 sR A R m TR AN, SRt
501 fEARERE SRR, XFTF Cd AYMRE R T RSS2 HOR R P () . F9E X 3R Pb V53, Rk Pb AR
(4 R ] E AR K R Pb R R A2 KA TR TRE A - B SHE A ma ™, SRaRE S0 B s th R i, AR RS
UUREJS, BT P S R, Rk, U5 FREK Po iR, RADIETRER EZHH; Hk, F—
A ARRTE [A]— 35 SRR R i 7e 22 557, =W 501 Xt Pb Wik s BE ik, nlfeS Has i hh
PR X

MR KRG 545> As. Pb fri HA W Mer:, RMHATREEAMLCRE. 5 cd M, K
it 138 As Bt 7 + 3% pH . AR JFEARAE . IEAFICER BOKAE SRR BRI HETDRE A RE v B 4R
() As T BER IR TAE R 3 RIS A 2 As SRS DT
33 AEMEEMKBESERENZIN

e A5 A RS DIRE EK R 4 i & AR A BB R R 2 —" Y ANt Zn 26 Si ZRI RN
IREMEYI A RARMEE SR, 1 HL AT R 5 4 Al ™

HRTISE EEHAH Zn, Cd ZMAFEESEDUER™ . BT By 20, it FHEEIE BEX Ak
FEnt R Cd S e, RER Zn, Cd FFERPE RIS E 8 A =41 Zn /Cd F5HU7EAT

Si -1 AL s/ D A K A B B I BILTR] A B85 AR AR A0 BEXT Cd AW A2 e T, 3R AR S 1
Ml Cd PEANME; TEZNTEW, TIEIEKRE RN A A E G (PCs) |, BHKE SR AASE, 5%
WL RS ER , BHIKE Cd rRE K A eis,, Tis/D Cd #E /KRS Al & FH AL Ay A, Si b n] 35 4o b
i As( AR K™, Si e BE RGBS INTT LR I8 RERS 2 8 A3k i, I/ KRR 20 As IR gz
H AT DU AR 2R 004U BE )RR AR AT I, tfb— AP b -1 b As iF AR (AR N 3 3™, SR Si T
il Pb /KR L A2, BEMTFRAR Pb 7EREK HP i B, Si BE7E — R R LAk - e rp ] S22
Cr [MULIE Cr MAHL Cr Fifk, FEIGEEYER . B BMARES Cr e P &R, MMM Cr XKAEN
BEEEHM,

AMFFEWIE Zn 25 Si 2 A AT BB FRAR = PO 501 Z5mF-REK[E] Cd. Pb, Cr iz 2%, [HXF As
(58 ZBCE AN, Rk B As ROk A TR AMRY As, HLA BRI 7 m Rk
Si 5 As XSHAMRM N ZEAMES, U Si JEmtim At nl B &6 As JOKFE R b FERHEE™, |
Xof T2 TR K () ()% a2 TG I S B R R

AMFFTE R S IR 2, B FH—FP R B 24 sCRB AR LSS | RESSPIRPITTEAE,, LARST W
Tt A FH () KRS 38R . S5 BN 4T, (B Rb AR = KO R B —E 2% MME. 55
T EAREIZR | SRR TR AL, $HR) R DA TR, AR A5 et RO Al A 7 e
SR SR I 450

4 Z P

(1) B Y8502, A9 IXOKAEAE X 3 As, Cd. Cr BTS2 KU Cd>As>Cr;
WD L5 BTG YA AL R I Z I XK FEFRE X 3852 As. Cd B ABT55y, 1SRN TGy HEi A
ARG ERREEAR . FRXIUFESRICE T, Cd WS REURK, As Rz, FIHHZS AL,
Z TG Y B I . A SRS M 4 SR U I 8 b DU RR B 4 R O R 2 (R P ELA WA, B MR
JFeTA

(2) B KOKABREKAE 5D R AFFE As. Pb. CriBFRiBLS, KREHFEM P AR Cd TR &8, X
PESMHTRWT, +3E As. Pb. Cd. Cr &KW IEZ, (HAS R IRKAEZENROK xRy i 4 @ ot B
PR EVER 2 . KFEZEM SRR As, Pb JCER R B8, RITHRIE AT AEAI L

(3) G BEREFARERN AL 2 AT 38 A3 B AR/ K A e 12 B 0 AT s /20 DU 2 4 S Do 38 e /KRR K rh i) 2R, A
WIS, P> E e E A RO &, H/MER RS, AT il A e O
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