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KEAME A EAERATIE CuZn 2RME

FERU I, FIRE" ,REW TR, AR R
LR LR GO, RTe B TR A0 B S 331717

FE s K 2 40 R B - 48 Cu Zn BRBUIAL, LIRS T 1981 4R A LT R A HLIE 2 (3R 56 0 344, e B PML (R
TR FE RIS 298 ) PM2 (R AFE 48 = 0+ IR R3S ) \GMS(RAFIE 48 = 0 + IR RS FHI6 H ) i NPK ( RAFHEALIC ) S5 40 21
TG AAT TR R AR R 13 2 i AARGS Cu Zn S i, G5RRI] . KWIE A2 0 248 = 7 14 Cu Zn & & S S0 I
7230 aJi, HIESHE Cu Zn FHRAHIEINT 7.69—9.52 mg/kg £ 22.42—35.46 mg/kg; 4= ¥)A $bE B0, A8 Cu Zn &
&R Cu Zn BB H 15% M 5% INE] 519 27% . FEFE B N B e Bt -4 Cu 19 REVEA B8, AR it
FREZ IR T 48 Zn 09 BAN, IR B BAUR 25 5 0 S M B B, 1981—2002 4 R 4812 3 K 1], 2002—2010 4 Sy i
BRI XA 2002 4R B ARG ZE T Cu Zn S EBEAA G, DARFSE RS MG, 40 RS T G 25 I 7E 9.5 t hm™ ™'
LI, 50 a WS AL+ 4 Cu Zn FHEEHR

KEBIA : Cu; Zn; BB FEZE K0 A0 ; 21 1A H

Accumulation dynamic of soil Cu and Zn under long-term application of pig

manure in red paddy field
LI Daming, LIU Kailou, HUANG Qinghai*, YU Xichu, YE Huicai, HU Huiwen, XU Xiaolin

National Engineering and Technology Research Center for Red Soil Improvement, Jiangxi Institute of Red Soil, Nanchang 331717, China

Abstract: As an organic fertilizer, pig manure has long history of application in paddy fields and. it can increase soil
organic carbon content, improve soil nuirient and increase crop yield. With the development of rural economics and the
sharply increased demand for pig meat, intensive pig farms have become the main style of raising pigs and the resulting large
amounts of pig manure have became a potential risk to the rural environment. The reuse of the pig manure was the inevitable
choice to alleviate this environment risk. However, the plentiful application of feedstuffs with additives high in Cu and Zn
bring a threat in the use of pig manure in agriculture. So, it is important to discover the accumulation dynamics and
chemical characteristics of Cu, Zn and evaluate the carrying capacity of pig manure in paddy fields. The present study
analyzed the total and available soil Cu and Zn content after different application times of pig manure in an organic fertilizer
field experiment carried out from 1981. The treatments included combined green manure (22500 kg/hm”) and pig manure
(22500 kg/hm®) in early rice (PM1) , combined green manure (22500 kg/hm”) in early rice and pig manure (22500 kg/
hm®) in later rice (PM2) , combined green manure (22500 kg/hm’) in early rice and rice straw returning (4500 kg/hm”)
in later rice ( GMS) , nitrogen- phosphorus- potassium fertilization ( NPK). The results showed that long-term application of
pig manure increased soil Cu and Zn content significantly, total Cu and Zn increased 7.69—9.52 mg/kg and 22.42—35.46

mg/kg after 30 year continuous application of pig manure, respectively. The proportion of available Cu and Zn content

EETE A7l (R RHIFE I (201203030, 201003016) 5 [E5 [ RRF A4 (41301269) 5 [H 5 T8 IERATTE & B H-%I (973 &) Fif
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increased from 15% and 5% to 51% and 25% from 1981 to 2010. The pig manure application in early rice or later rice had
no significant effect on the accumulation of soil Cu content, but it affected the accumulation of soil Zn significantly, the
increase rate was much higher when the pig manures were applied in early rice than that of later rice. The available content
of soil Cu, Zn increased more than 10 mg/kg from 2002 to 2010, which far higher than that accumulation in the former 22
years (1981 to 2002). This maybe the result of the higher content of Cu and Zn in the pig manure applied in this period
and/or the saturation of soil stable state Cu and Zn. Based on the result of this study, the proper application amount of pig
manure in red-soil paddy-fields is less than 9.5 t hm™ a™' | which could maintain the soil Cu, Zn content below the national

standard of second grade standard (pH<6.5) after 50 year continuous application of pig manure.
Key Words; Cu; Zn; accumulation dynamic; pig manure; long-term field experiment; red paddy field

WEEVE A MUIE I HEA IR AR DT, R 2R R il & = s A MU R A R a2 m] LD 3
P IR SRR AR SR P (R B R A ST R TR R TR T SR A T v, AR
AEFRTE EL SR S BT SR A 10 F A T RS % 5 0l A ™= A 1 R A 2% (JR) 4 b X A S IR R B K
PSR AU, SRR 2 (IR ) 9 5 5 AR FH DU A i o — B3 JXUIS: 114 0 SR 6 455, T A 28 3 L) B 48 B AT AR
MIGERACRI R k2 — SR, ISR 1 B rh R & A Cu Zn A 5RDRE B IR i 7555 36 Cu Zn
B B X A A F R AT R T B R AT RS SR R YTOR 7 AT A F AR A
Prai 3R] FE 2 Y Cu Zn & 8 4wy, ey VR EE 433k 2] T 1591 #8710 mg/kg, 2H 20%—30%
fi A H TR TS Y FATRTE (GB-4284—1984) ) | i A7 MG 2 A RO FE th i/ | A< 300t FH RS 35 B 0 6 24 1)
A (GEH) ,RZ TP Cu Zn SR THE, AW o] R HZS LI, 53X 45 4 7 i & e VAR S IR R TE K
BT DR, s K A 2 A T+ Cu Zn BRI MBS AR AL | A5 B A ] - S8 2 I 4 1T 4%
FEM R ER T T 2 A PR ARG 2 AR S R gl b X S A S e s B B O RN, B KA
G AR FHAE 265 R AR T 4 R A AR B AU A G T K U R A 4 BRIt
LT E S R Bl = R i P A 2 LTSRS T Cu Zn SRS LA BT SY . PR, AR BF SR L LA ST T
1981 4F (2T HERE A HLAE & (a5 (135 35 38 SRR FUK RS FFAEA HLAR RS ) x4 | 85 e A1 28
FHAEBR 48 Cu Zn &5, B 7R /R KW A A8 S 2086 R5 H 48 Cu Zn JRBUEE, Nl 4 B0 21 2R % 2%
FIFARE R Lt X A S A8 SR AL B A

1 M5 F®

1.1 5 AL

TR Hb IS AR VT 48 LR SE i (116°20724" E,28°15'30" N) |, Ja& H I Bt 2 XU fige |, AR P [ R i 1537 mm,
AEZE R 1100—1200 mm ; 4E34R 17. 7—18.5C , fB H (1 A) FHRIE N 4.6°C A (7 H) FHE
9 28.0—29.8°C , VIR I 25—30 m, Sy HLARY R AR Fr 2T MM X, - SRR R EE DU 20 21 B+ 8 B RO B ALK R
+, 1981 AF X E0 A GA T I A 00 b Ay 5 AR L, P K AR AR BRAE 20a DAL, 3BT 4R BT #F)= 13 pH {H 6. 9
CIRB 6a Ji7 , BT AT AL 3R 2 38 pH EIIRES] 6.5 UF) , A HLIK 16.22 ¢/kg, 2% 0.95 g/kg, 20 1.02 ¢/kg, 4
Bl 15.41 o/kg, Bl A 143.70 mg/ kg, BALHE 10.30 mg/kg, HAH 125.10 mg/kg.
1.2 Rt

DL 1981 4FFF i A 21984 AU 2 46 306y Sty SR O () 4 AR Gh B, (1) BRI A 28 (PML) . B
Feiita 45 = 9E 22500 kg/hm® FE 3 22500 kg/hm?; (2) BEAGERG G 3E (PM2) o AR 48 25 95 22500 kg/hm” B Fe
fidE 3 22500 kg/hm*; (3) it FHERNE ARG 5 (GMS) « FURFif 58 2 9% 22500 kg/hm? B it A% 52 4500 kg/hm?;
() FLAE (NPK) . B /)it N 90 kg/hm® P,0, 45 kg/hm* K,0 75 kg/hm’( NPK) , A3 ML FH 34 0 i i, 056
N 60 m?, FFHES 3 E R, /NXEFH S 5 em, % 50 em /K I8 FIEREIF, 540, 1981—1988 4,

http ; //www.ecologica.cn



3 AR A AR I S 26 4TSRS T+ 3 Cu Zn BRI 711

PM1-GMS 4b 34375 (NPK ZbH N B AE 2 ) 4t fLIE N 45 kg/hm® P,0, 30 kg/hm’;1989—1995 4=, PM1-GMS
25 (NPK AbHE R A 2 ) 76 B R (R RE R 3l I, A2 4hif K, 0 37.5 kg/hm* ;1996 4F L FE I 4, PM1-GMS %
7% (NPK Ab3 R e fs 22 ) £t 9 N P, O, (K, O Jifi L3038 2 69,30,67.5 kg/hm® , A HLIE BRI FIHR AR L
HE, RUIE 3 W Uit (P AR 50% , 3B AE 50% ) . 2010 4F5it H A9 A HLIERE S TS Cu Zn 75 & B 3750 R0 L
1.

1 FTEEHE Cu.Zn EERFHIER

Table 1 The content of Cu, Zn and nutrient of the organic manure

R Ak 3K It Ik PN
ATHUILRRSS vfzf :ofn(ei/ w/ s Orgaff};?r%bon/ Tojl;f;V/ Tflﬁ/ Tojqu] K/
Oreanic manure % (merke) - (me/ke) (¢/ke) (&/ke) (/ke) (&/ke)
2 Pig manure 70.6 879.5 1271.4 340 6.0 45 5.0
FEHE Rice straw 70.0 17.3 65.4 421 3.3 1.2 7.6

% 29 Milk vetch 85.5 27.6 47.4 467 4.0 1.1 3.5

B HLALKE &N 2010 4R AIEHLAE, Cu.Zn RIFR&a 4 TS

1.3 AR S EO T

FIFHA HLUIE E AL IR IS R AE A SR 0 R (1981 4F) 1 1985 4F (IR E 5a) (1996 4E (i3 16a) 2002 4F (i3
22a) 2010 4E ({56 30a) RAEAYHEZE T HERE N AT 138 Cu Zn ST, T 3R S S0 G 3% n 4R 5 13
Cu Zn & i, HHERE S RE T RAEMABRIGR G . kT .

(1) 84 Cu Zn &R LK MU A, FUBGI & 55 2 & B3k (1CP) T2 (S BRI ATk bs
#ENY-T 1613—2008) %/

(2) HHEARL Cu Zn & iR 0.1 mol/L ERFRIE IR , 12 42 R FH FL BRI & 45 55 1 & SPkig (1ep) il
SE (B IR HAT W ARE  NY-T 1613—2008) 2

(3) A HLAE IR 50 FIA HURR 25 0 52 35 R FH B 0 , AR S L 3 fb o pr ) 1)

(4) 158 Cu Zn R AFRE MG ZERE MR k.

HM, -HM,
HM[=— (1)
x=y
HM_—HM,
HMT=—1"—* (2)
HMI
HMI,_—HMI,
HME=— " —° (3)
AM
Ny HM__-HM, A
S0 50xHME (4)

P HM RIRTES « R0 H3E Cu Zn & & (mg/kg) ,HM, FRIESS v 4R09 H4 Cu Zn ¥ (mg/kg) , HMI %
NI Cu Zn BB (mg kg™ a™') sHMT /R +35 Cu Zn #ARIHE] (a) , HMs 28 +3E Cu Zn & & EFR#
FRE (mg/kg) , HME 2678 Hu07 4 260 AE H B 4 8 BEUIROY (mg kg™ a™ ), AM 33 SR A 2 (¢ hm™
a™) ,HMI, FRTAEZE T 13 Cu Zn RFEH (mg kg™ a™') , HMI, R AMEHISEIET L3 Cu Zn BB
F(mg kg a™'); HM,, Fn AT EHERK Cu Zn i (R ERR bR il R e K & i, mg/kg) , HM, %
YT A Cu Zn F i (mg/kg) ,50 FoRNiti SR 50a, AM i, %/~ Cu . Zn & 50a AHARE R 2 Y
BREEEZEE (thm ™ a™)
1.4 Bt 55t

FIA R4 ] Excel 2003 FEATANFE | G530 0% SPSS 11.0 ARk 3047, 22 57 0 2 PERG 56 % T e/ o 3
%75 (Fisher's LSD) T P < 0.05 /K-F LA, RIZERH Origin 8.0 1ERI R 4E5E K,
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B
e

Eild 35 %

2 HERAW

2.1 KUY PR ZE LT HEAS I 8 4 e 4 AT 2508 5 1 e A L

it FF 5 2 %ot 41 R M K R - G 4 i A RN A 8O B
KR (E 1K 2) , RXEHT 22a 2200 % 2
i AT 14 A i B RS (P 1) o A T A
7€ 30a Ji7, T A AR, 2058 29.64 mg/kg
F131.47 mg/ke, & & T A IS0 (P<0.05) , A
Jili A2 A0 B (GMS Al NPK) 384 s i & B 0 Il 2%
AL (P>0.05) , FE AR PN A4 Tt FH ) 1) XoF - 198 4 4l
) BB BRI, I, R ULt R 3 .
INT TR R 2 A e, B RSN T ol
8 AEASE 2Tt AN 2 A T A A ] B e AR
Ko,

FEIRE: 30a 5, it FH A 26 A0 B A 398 50 ) 75 2 Bk
EHhN, PM1 A1 PM2 4B 3G T 13.55 mg/kg F
10.94 mg/kg (&l 2) , Tl AN i 5 38 Ab 21 A 398 A 20040 7 &=
AR H 22 58 B 3 3% SL 3% 22a
Jei , AR A & i KT AN S B O HX
Fih2E AR 30a J5 3 — 2097 K it A 2500 PM1 A1
PM2 b B A HE A7 R B 43 ) b B it Ak I Ab B
11. 03 mg/kg Fl 8.42 mg/kg, H&FE4FBE N 1 ife FH B+ ]
(R it P e g i P ) X6 - A SR 1 BB A
Fm BT AEBR ARG, £ A B - A R B
7 A O B L R A B kA o
LRt 4 26 30a Ji PM1 FT PM2 A3 4 364 5508 5
i A S i HO A3 0K 57 % F 45% |, 3 s TR IR )
ARG PR (3R 2) o X SRt A 2 nT D) g
Bl - S SRR G i L T A SRt 224 J5
B IR R A 26 - A R 1 e A L
BiRA . 1Tt
2.2 Kt P A% ZE LT SR 4 S A R0 O AR

fERL A

Jit FH A 35 B 25 5 Wi 21 HE R P 8 4 B RUA R0RE 1Y)

T (3, 8 4) Bl I AT B A 1S it FH A 28 Ak

40 -
R —=—PMI
2 35 —e—PM2
= r —a—GMS
£ —v—NPK
g 30 F
pg
&g B
Be
H3S L
& |
2
= 15t
B I
]0 L L L L L L L
0 5 10 15 20 25 30

I AR

Experiment time/a

E1 AREBEEERAERIBESASETUNE
Fig.1 The dynamic of soil total copper content in different
experiment time
PMI1 . RS2 22500 kg/hm? F148 25 3 22500 kg/hm? ; PM2;
FERAEE 22500 kg/hm? +FRAF it 45 25 9& 22500 kg/hm? ; GMS : 75
Jiti 48 = 8% 22500 kg/hm? + B A% il FH ARG 55 4500 kg/hm? ; NPK L5
Jiti N 90 kg/hm?* . P,0445 kg/hm* K,0 75 kg/hm?

20 _a pMmi

LA S &
Soil available copper content/(mg/kg)

0 5 10 15 20 25 30
IR

Experiment time/a

B2 AEEZEAFERIEFGRRSETHNE
Fig.2 The dynamic of soil available copper content in different

experiment time

PR A 39 A O 1o S BN I AN A 2 AL PEAS H - 8 A O VA W ARk 1 SRt A% 2% 30a ),
PM1 Fl PM2 kb3 435 447 55873 9N 66.78 mg/kg Fl 55.54 mg/kg, 3 i TR0 B9 A i 4 2 A 30 (1 3)
5 e o A BN A | 4 4R SRR 37 2R 28 it FH o) 1) 7 5 o 7L e 4 316 Ak 3 - 8 4 R
R TR TEEH] 16a J5 1 30a J5 22 53 31 0 25V 5 it FH AR Nt oo -8 4 i e SR ARV WY 8 R o), 7 32 i 1S
30a Ji , AL IE AL PEAY + S e m i O i W i TN S A DU AL B (GMS) o 25 SRR W R It T A 28 1o 25
BEhn AR B ORI A B A S A RO R A R A 2 A B ) SR AR R TR I Y
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Re it FH A 5%

#2 ARREERTFEEHYE CuZn 45 5L E Cu.Zn LLFI
Table 2 The proportion of available Cu and Zn in total Cu and Zn at different experiment time, respectively

FHEF RS CuZn 54 Cu Zn L)

E RN AR The proportion of available Cu, Zn in total Cu, Zn/%
Heavy medal species Experiment time /a

PM1 PM2 GMS NPK

Cu 0 14.9 14.9 14.9 14.9

5 18.6 16.7 13.8 16.1

22 33.7 33.9 24.8 23.7

30 56.7 45.1 39.8 33.6

Zn 0 5.3 5.3 5.3 5.3

5 5.6 5.0 3.7 3.5

22 9.8 7.4 5.0 4.8

30 27.9 27.4 7.0 5.9

PMI1 ; RS MEHE 2% 22500 kg/hm? F14E = JE 22500 kg/hm? ; PM2 ; R M5 2% 22500 kg/hm? +H- R i 45 2= € 22500 kg/hm? ; GMS ; i ifi 45 2= 9
22500 kg/hm?+Bf et FHFE 52 4500 kg/hm? ;NPK . S AFjti N 90 kg/hm? \P,0,45 kg/hm* K, 0 75 kg/hm?

25 | —=—PMI
— ?0
%D %0 20 -
%D é 16
w3 60 2
« g 41 2
& s &g 12+t
@i% 45 | £t
i &5
HS go 87
g HE
= BT 4 L
Z 30 S
p 5
© 0
0 s 10 15 20 25 30 ¢ b B
N REAE IR
IR Experiment time/a

Experiment time/a
o El4 AEBEERERTEFUESETUANE
=] ' 58 O b A AP 14
B3 TREEEAFRIRSHEBEUNE Fig.4 The dynamic of soil available Zinc in different experiment
Fig.3 The dynamic of soil total Zinc in different experiment time time

5+ 35 i BRI AR — B, it PG 2 A0 PR Y A S5URE 1 e S B AL 1 T B R A TS i A 2R R
A HUIE AL BRI AE b R A SO0 & B A RIS E (8 4) o TEIESLIEIAESE 22a J , HIBEA AR & 2 5
PR K A $5, 8a [H] PM1 FlI PM2 Ab B 4 847 RU8F & 5 43 i3 0 . 14.43 mg/kg F1 12.14 mg/ke, B = T
UUHT 22a HEINEY 2.52 mg/ke Fl 1.44 mg/kg (K] 4) , 305 30a 5, i FHAE 2S00 PM1 AT PM2 Ab 3 + 35847 208 F 1Y
Fr 3 LBt AL AT AE B T 16.06 mg/kg F1 12.69 mg/kg( P<0.01) , FLA8 il FH 4% 2% Lo I s it 114 2 + 98 4%
BE BRI B 25 (P<0.05) . ABFFEH , B AR B A 3N , 454~ B 4 38 0RE o i R e
B ) L AT S R AL 0 R A v DLt P 2 A B A X % 2t FH 28 30a 5 PMIL I PM2 b3
A RS RS RS R L B R 28% F 27% , B R TR ARG R AL B (R 2) , X2 .
it P 288 0 2 1 0 - A A8 i, DU R AEIE St 22a J5 (2002 4F LU ) A SRR SRR W
F It FH A S 2T R A e e R A ) B R
2.3 KGR F e B R EHOR

M A5 Cu Zn 1 BRBRRTE | TR 30a (0], FA7E P22 5 B 2 (R B B, DA 1981—2002 4 it F A% 2E Ak
P A3 Cu Zn LIRS, 0T 2002—2010 4F (8], 3 Cu Zn & 2 HRBEIE KIS, Cu Zn 1 R
HRII R 1.49—1.54 mg kg™' a” F1 1.69—3.02 mg kg™ a™", B E TULHTA BRER(F£3) . AR, A
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Jiti % 2% A B A 9 A B S ) SRR 1 PRt AL AR AR B ((NPK) B 3B RETE 2002—2010 45 H BLE A
B BB G, BRI AR 1.58 mg kg a3 AT ARG AT P S BB 5, 0I5 ATt VRS 4b 3
B T BEA Y BRI (K 3)

AMFFE TP PN BT it FH A% 2 22500 kg/hm® Zb A £14 RS 1238 Cu Zn & i 3R TR H I 3R 5 it it
PR ) bR IE (GB15618—1995) , i AT i A 8 A B 4 J@ V5 4, (HJE 18 Cu Zn 7EFELLIGE G S 22a 5
(BRI 2002 4FLAUR ) PR3 K i g s 7, KRS0 F A 35 T BE S 1 i 3 Cu Zn AP B2,

2.4 KWt A ZE A ERTHH Cu  Zn BB AR XS 53 Mt

DAASZE 73050 v 2002—2010 4F 4 3 & 4 R 19 4 1 REH RO IR 3, i BB AT R 3t H & (AP 22.5
thm™ a™") , FHURAE ( AASIRES NPK AbEE 2 2(6) RE A Cu 1 Zn & 80 BI7E 21.6 451 66.5 4 f5 ik 3 [H
MR GhRE, AR ENE YK (K 4) . WASIRIG R Z5 50T LUE K0t P4 2% 18 Cu BB AR XUBS:
B TEERBAR A KU AR XT38/ . AARIR S 358 Cu (1) BBLHRON IR , 24 H5E £ Cu &&= 7F 50a WA,
IR I 2GS 9.73 thm ™ a™'

#3 FRXKRHERTEA EERER

Table 3 The accumulation speed of soil Copper and Zinc in different experiment period

e B R B R

BB B i Accumulation speed of soil Copper and Zine (mg kg™ a™')
Experiment period Year . - oMS NPK
44 Total Copper 1981—2002 — — — —
2002—2010 1.490 1.541 — —
1981—2010 0.256 0.317 — —
2% Total Zinc 1981—2002 0.512 0.485 0.176 —
2002—2010 3.024 1.693 — 1.583
1981—2010 1.182 0.807 0.098 0.390
“" SRR R R (H

F4 KHEEABELIERE Cu Zn BIrET B RIBIEREH S
Table 4 The time to exceed the standard of soil Cu and Zn and pig manure bearing capacity of red paddy field

- % C — LT LR B R
‘ S8 Cu Zn B 14 '(Ju\Zn bR [A] I.f:%%faﬁflﬁ% .%ﬁﬁ '
ML . . The time to exceed the The pig manure bearing capacity
. Accumulation speed of soil Copper . .
Heavy medal species | Zine/ (mg ke~ ) standard of soil Copper of red paddy field/
and Amezimg kg - a and Zinc(a) (thm™2a™')
Cu 1.52 21.6 9.73
Zn 2.36 66.5 29.94

+ 5 4 8 BB R TR E] AARE 2002—2010 4F 19 3 Cu Zn 28 AL LA AR RT3, 138 Cu . Zn #BARE Ny AR — 2ebrifiE (pH<
6.5) , £1 R 7R 1 B R % 28 F i i 2t FH S0a £ Cu Zn & R ASREAR A4 10 ()

3 iTtig

3.1 KM RN 1 Cu Zn &R

WA Sy E LA HLIE B TR AR R IE 398 R i A 4 7 i 55 T 17 S 2 1 T 8 ol Sl 10 R,
SO it R A 205 R (0 T (R PR B8 IXURS: ARzt 7 5 RS AT 3 1 563, T ) -+ 398 o 4 i SRR A2 M 2 B 9 3 5 T 1
Y R L5 2 30a J5, HIEAR Cu Zn FEBN, HEEARCS Cu Zn FiE &
Cu Zn &P HL B 2 BT, AR WA vk I s X S5 R R aE — 2% RS it FE A 2% 30a 5, i
Cu ., Zn [ & RT3 E - HEAE i A i AR HE (GB 15618—1995) , i ATE 1LI5 By s (LB A5 7E =AY
J&,2002—2010 4[] 38 Cu Zn & HPGEI NG R AAAERR A Cu Zn 53X o DAAS 7 o7 3055
2002—2010 4 + 38 5 43 Jm (9 47 35 RN RN , P 2Lt A 28 12a (B350 i 0 22.5 t hm™ a7') 33
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WS ol Tk 3 F [ A B A R R AR vE P B AR ME (GB 15618—1995) ;1M Zn WIAE 44a J5 ik #7154 K, 15
e XU AT/ . BRIE, 45 338 Cu A9 BRI il 22 21 A A 250 P AR v T 05 % e A IR 2 20 39 D it
W52 9.5 t hm™ a ' LLF, 7F 50a WAL M 38 Cu Y5344 37T LISRAE N P F2 0 FUK RS A KT TR Cu Zn
SR R | G IR T R LN ARIE A B T I BT RS T A 5 AT SEEUE 2 AW IRAE A

WFFE I 2 UL, FP e it % 20 Ak 1 - 398 4 SRR LR ) 7 ) e g i FH 4 2 A B 3] B 5 R RS A K 2Rk
FE R AR R e e v, WK RSO T 5 JF RS FH A BEAR R 2 06 A, g AR 1 2 AR AR X mAIG , 7K R i
WA RS FER AR T WR RS i /D | 5 B0A RUPEF A R e e BRI LU BN, 3 ] fig s 2 S S0 R i P R 28 1
Feaprn RREMAMIRERZ —,
3.2 Kt PG F L0 ERE 1 L3 Cu Zn BEUE RARLERE

Tt AR Cu Zn BRI ZARE Cu Zn & it ny BRREAAE A 25 5 W 25 A B B, B2 48 15 < 1)
(1981—2002 4 ) FIPLEIE K (2002—2010 4F) . WEWGX —IHE R EF AT REA LLF 3 s 1) i i g 2eh
Cu Zn Ay Fr i R AR ARk, A5 148 Cu Zn Bl SRR I0, AR R A9 4 8 BBLE It L % i 7E 2002
AF DAT I FH A4 25 2k 1T 2 bR P IR A 2 X B RS 2E D Cu Zn 1Y B SR B D T 2002 4T LA
J& , B 2Rl | it fin ) 2 AR S R A SR A A 2 X SE G 2 Cu  Zn & B W] Al e, 3X AT
AESE S E 2002 4 LVJE 3% Cu Zn S P bk ad e EE R ;2) KW % 285 H 3R e 8 Cu Zn S &
ETRE A A RS Cu Zn BYPIE A A4S Cu Zn B HLTHMA, 25 5 78 88 LA RS B XK A7
FE3) R F I e LR SR S A S Cu Zn BOTEARARN . W 9T & B, it F A HLAE sV M RS AT R K
A FUEHE A T2 T DOM BE I ) 39806} 8 42 8 (W B, 08 1T 2 55 5 4 I 1) 2B A S o0
I, £S5 it FH AR 20 Ak R 5 A 25T o s M R4

4 Zig

FIYIT A 28 25 4 e £ A TH 138 Cu Zn &4 RBR BEAR T LA EE Cu Zn B LLM], 3040 B 2
BB RAET 8a(2002—2010 ) PRIEIE N, 1508 KU AR < 05 FH 4 26 £ S0 F S ¥ e ) XU, K T8 T
G o BEFEAFEIE AN FH I RD X 9 Cu A9 RBIBEA 5 5 s (HL LRt P A% 2R 1 0% Zn 1O B, 210
8 B E R AE 9.5 t hm ™ a ' LAF, 50a WAZEE A Cu Zn & AR,

B BNV 7 O B2 R B IS e A AT B8 B, SR R ARl DR X i ) B RN SO B S T
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