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Assessment on heavy metal pollution status in paddy soils in the northern

Chengdu Plain and their potential ecological risk
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1 College of Resources and Environment, Southwest University, Chongqing 400716, China
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Abstract: Soil heavy metal pollution has received wide concern due to its widespread and highly toxic nature in
environment. Accumulation of heavy metals in agricultural soils tends to elevate crop uptake and finally harm human health
through food chains. In order to determine heavy metal pollution status in paddy soils in Chengdu Plain and to assess their
potential ecological risk, 158 topsoil samples were collected from the study area, a county typical of paddy rice production
with potential pollution of soil heavy metals, to analyze concentrations of seven heavy metals (Cd, Hg, Ni, Cu, Pb, Cr and
As) and pH in the soils. The background values of the soil heavy metals in Chengdu Plain measured in 1980’s were used as
references and the Hakanson potential ecological risk index method was adopted in the assessment. The results showed that
the average concentrations of Cd, Hg, Ni, Cu, Pb, Cr and As were measured as 0.709, 0.187, 32.08, 34.12, 31.52,
82.13 and 7.25 mg/kg, respectively. Compared to level II of the China Soil Environment Quality Standard (GB 15618—
1995) , about 87.34% , 8.23%, 3.80% and 3.80% of the total samples were polluted by Cd, Ni, Cu and Hg, respectively.
The average concentration of each heavy metal exceeded its soil background values, reflecting an increase in soil heavy
metal pollution in Chengdu Plain in recent years. Compared to its background values, Cd had the highest accumulation by

312.2% while Hg accumulated the least. Accumulation of the other metals ranged from 5.0% to 49.03%. The range of
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variation coefficient was 18.35% to 49.03% for the seven heavy metals and variation coefficient followed an order of Cd>Hg
>Cu>As>Ni> Cr>Pb. Cadmium, Hg and Ni showed a logarithmic normal distribution, while Cu, Pb, Cr and As gave a
normal distribution. The Person correlation analysis revealed that significant correlations ( P<0.01) were observed among
Cd, Cu, Hg and Ni as well as among Pb, Cr and As. The results further suggested that the pollution of Cd, Cu and Ni in
the soils might be highly associated with industrial activities, while Pb, Cr and As in the soils could be mainly originated
from the soil parent materials. Unlike the other heavy metals, the pollution of Hg in soils could be most likely due to both
the soil parent materials and human activities including industry emissions and loadings from agricultural activities. The
ranges of single ecological risk index (E, ) were 28.62—305.8 for Cd, 2.22—11.31 for Cu, 4.58—9.92 for Pb, 1.50—
3.59 for Cr, 16.57—83.54 for Hg, 3.60—22.38 for As and 3.97—9.27 for Ni. About 75.32% of the total samples reached
medium or strong level of the potential ecological risk of the heavy metals, but the overall potential ecological risk remained
medium (the average RI = 198.65). It was found that Cd and Hg contributed most to the ecological risk, accounting for
62.27% and 20.78% , respectively, and the risks of As, Pb, Cu, Ni and Cr were relatively minor. Risk probability map
demonstrated that areas around the city and along the Mianyuan River were highly risky. Thus, some counter-measures

should be taken to control the pollution of Cd and Hg to secure the safe agricultural production in Chengdu Plain.

Key Words: paddy soil; heavy metal; ecological risk; Chengdu Plain
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Fig.1 Study area and distribution of the sampling points
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A, GO E SRR TIHREEG ¢ O HIETESRIIIN E 4 ¢, VESENS UE, R IEThE SR CR M
TS, A T4 15 SR FH Wk A A0 2 1) BT i - 38 T 4 @ e R i, Hob Cd h 0.172 mg/kg  Cu 2 28.1 mg/
kg .Pb 47 23.1 mg/kg ,Cr 24 70.3 mg/kg Hg 247 0.181 mg/kg As 7 6.42 mg/kg Fl Ni Ky 27.3 mg/kg; C, HEFIEH 4 )8 1915 Y 454X
ZH; BRI A JR TR AE RS T O BRI R R N 24 RT A X Z N i 7 AR R 5 4L

4 A Y R B E S IR Hakanson RIS 5 O BIFFE 45 51, 7 Fh R 42 Jm 75 M 0 R 22 4003 910 - Hg (40) >Cd (30) > As
(10)>Cu(5)=Pb(5)=Ni(5)>Cr(2) , PR FEEEIGPRIGE C, LHTHESREEAESKEIEE E ([ XBRZH 7 E 4 JE L5
BV A XU A B RE RIS YL B 1456 2R FH K A 2577 R0 4 (0 VR 7 A 25 KUK 20 b ofle B4 TR VB A 25 KUK 36 %5 40,80, 160
1320 43BN EE PR R AR SRR R A G0 B, X I 2 B T T A R 25 A TR AE AR S KUK 98 51 150,300 F1 600 430 R
BE PR AR SR A B
2 ZBR55W
21 KFETHESRE S EG IR

WFFTIX SR AE £ 158 AR 7 FPEE 4 )@ o AR PR G T45 S0 WLEE 1, SR Wk e 2 1) B BT B K A 7 S (B T B
OIRT R H BB T bR ) ( GB15618—1995) ' H T ZiAmtEREA 715 YR 40T . MR 1 W] LA 21, /KA + A JF) 8 428 o
KRG BEFHK,Cd N 0.164—1.753 mg/kg, Cu Ky 12.50—63.57 mg/kg, Pb N 21.14—45.81 mg/kg, Cr } 52.84—126.21 mg/kg,
Hg 4 0.08—0.38 mg/kg, As } 2.31—14.37 mg/kg M Ni 4 21.42—50.59 mg/kg, Cd.Cu Hg Fl Ni #4485 + HEFREE TR e br
HERIREAR YA | Cd BBAREAS HL Bl , 35 5] 87.34% 5 Ni,Cu Il Hg #BFRAEAS L1435 M 8.23% .3.80% FlI 3.80% , i it BF 5% IX.
BOKFE T AFAEIX 4 FE RIS G4 10 Ph Cr F1 As 5 1 3EPREE B i “ARHEARH 25 800E , 3R BT ST XK A 1 i ok 52 3 Pb Cr AN
As V54%, ANIA pH {HYEE T Cd Cu Hg F1 Ni iX 4 FhOCE V- ME 5 T IEPAGE B it —JARIEXS LW/ Tk | pH (B <6.501 1 3R
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Table 1 Summary statistics of heavy metal concentrations in the topsoil in the study area

"R cd Cu Pb Cr Hg As Ni
Heavy metal /(mg/kg)  /(mgkg)  /(mg/kg)  /(mg'kg)  /(mg/kg)  /(mgke) /(mg/kg)
SF-44{8 Mean 0.709 34.12 31.52 82.13 0.187 7.25 32.08
HH{E Median 0.637 32.95 30.77 80.78 0.17 7.00 30.58
5%/ME Minimum 0.164 12.50 21.14 52.84 0.08 2.31 21.42
1 HAE Maximum 1.753 63.57 45.81 126.21 0.38 14.37 50.59
A5 5 Z B Coefficient of variance/% 49.03 33.09 18.35 18.99 37.58 32.97 20.12
FiE 2% Standard deviation 0.348 11.29 5.78 15.59 0.07 2.39 6.45
5 5+ * Background value 0.172 28.1 23.1 70.3 0.181 6.42 27.3
e R <6.5 0.30 50 250 250 0.30 30 40
Permitted maximum value 6.5—7.5 0.60 100 300 300 0.50 25 50
>7.5 1.00 100 350 350 1.00 20 60

BT KR LB QR A E 5 o« (RIS RUERRE) ( GB15618—1995) 1% et I 44 fi

2 B aE XK RS 1 E 4 B TR S AU R, B T LA Y, Cd Hg R Ni J8 TR 4317, Cu Pb Cr HI As /&
FIEAO G, WFFE XSk R 1= 5 4 JT - B -5 iR SRR ARG 13 LB XT EL /#1228, Cd .Cu \Pb Cr \Hg As 1 Ni "X {EAR B T
B aUE, B 7 A E 4B TR AR FOKAE - L #E — e B A B, Hoh Cd A RER 4.12 £5,Cu b 1.21 £5,Pb
1.36 %, Cr 24 117 %5, Hg o~ 1.05 1%, As 9 113 4% Ni O 1,18 %5, 3K 55 BB it SCHE 25> AOBIF ST 45 SR B, 36 N335 30
O 35T XK RS 1 Cd .Cu Pb Cr Hg As 1 Ni S HFE . Cd 19 REVEN K, 3X AT R85 8 5 XL R LU X pU 1Y
TR T XA, B T Cd AR K T HE AT DX 5054 2 T3] 3 400 288 30 ] 25 | 40K T ¥ R 3 95 E D M g b cd
F) 2 He B BV e/

X3k 4 SR G R S A S R BT DA R T B TR 1 X ek N5 YRR 1 22 5 | A8 S5 R O, U I IX R 44 SR 7 A (AR
AR AR RO Y N | ATLUE Y BFSE X EUK RS £ 7 R 4R T AR S R i K E/MK IR Ol Cd L Hg  Cu As N,
Cr.Pb, AF5 ZEKTF 30% M ICEFA Cd Hg Cu, As, HHr Cd (Y2RS5 R BGE R 49.03% , X Ul G IX KRG £ Cd I 28 28
K. Hg.Cu.As ZE 57 RZEHANT 30%—40%[0] , FE1ET5 S e BEAIRIPE . Ni Cr Pb 28 53 REHRTE 20% 7245, HAR W 3230, E 7 &R
XIS, 23 [0 43 A A X 450
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Fig.2  Frequency histograms of heavy metal concentrations and pH of the soils
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5 As BUFE R B 0.162, FE MK B K (P<0.05) . Cu 5 Hg As Ni BIHI & R BHRART 0.224, H M k0% 0 3K (P<
0.01) , Pb 5 Cr.As BYAHEPERML 0BT (P<0.01) , 5 He Ni fAHSEVES 27K (P<0.05) . Cr 5 Ni Fil As 5 Ni il9AHL &

http : //www.ecologica.cn



6340 JAE = 33 %

5 0.237.,0.344  FHICPERR ISR 25K (P<0.01) , X R W], A58 XK FE 1- Cd  Cu F1 Ni SR IEAH IR, R BAH B
PEBERY SR A TS YRS ;1T Ph . Cr A1 As AUSRIF & AT BEAI R ; He AR IEA —&B5r5 Cd . Cu . Pb AH{L, i 5 As Cr 1 Ni B3R IE
2SR, 14 pH (A Cd,Cu Al Ni (9 1EAH A 257K - (P<0.05) , i 5 Pb Cr Hg Fl As MYRECPEA 3, 3@ 4%
) R T8 A R S5 i B 4 SR R S AT M I 2 PR R (IR pH (B R e BB (2 0F 56 & T8 s M s Ak, T IR T, B4R
Cd ,Cu FI Ni B B8 W et ik e 0N, 388 3 & BRI D0 — 0 i, IR BRI R S F 4 )8 Cd .Cu FI Ni AR
TR S b TR AT X 1 S E 4 TR A RSORN A T i RAR R IR E BN AR S A R & BV AH L (B 2 2= IRl
wETRER IS T A B A, SR, B R IEIR R RN, T 4 R A v RS Sl R A A kR Y S RN, B B Bl A
ST A St A A S B K, TR, R T A I Y Y - S e S it P A 4 TR T R i - Y pH M, PRI S T 4
JB A A BT SR R AR Y B e A T D B B , ARG R | AR X - b R RS ARG Y IR S A, g
4B R E T e 22 A, 1 SR X B Ll Bt A b 4 B B AR SE T R W Hg (Pb Zn (Cd  Cr Cu JGZ R AT REAR L ;
Sun %5 BH TR T 9 42 JE T B AR TS ) - HEHR Cd Cu (Pb T Zn AR TR EL A R AL 5 1T 8 SR AR o K T
V5 YL IX +- T 4 8 AU AR 43T IAA Pb Zn  Cu Ni Cr,As FIl Cd #nT fEELA AR AR IR, B b, i 4 39 0 4 o0 V5 e sk UR 14 1
W 5 78 5 43T A S AE L A LIRS T

*x2 TIESSETEM pH & Person HH3E RHIERE

Table 2 Correlation matrix between heavy metal elements and pH

W H Item cd Cu Pb Cr Hg As Ni pH
Cd 1.000
Cu 0.468 ** 1.000
Pb 0.083 0.084 1.000
Cr 0.081 0.001 0.265** 1.000
Hg 0.232** 0.276** 0.158 0.077 1.000
As 0.162* 0.224** 0.286*" 0.130 -0.002 1.000
Ni 0.359** 0.732** 0.161* 0.237** -0.003 0.344 " 1.000
pH 0.679** 0.291** -0.060 0.109 0.126 0.062 0.179* 1.000

s FHSEVETE 0.05 /K |3 (2-tailed) 5 * = AHIEPELE 0.01 /K | 5538 (2-tailed)

2.3 KA LRI A S KT
2.3.1 KA EE G IS AU D

R HT Hakanson T8 7 A= 25 AU 15 5025 WA 19 HLI00 T e LB #5852 B 36 30 Cd  Cu \Pb, Cr Hg  As Al Ni 92254
16 O 61 4331 Ry 28.62—305.8,2.22—11.31 ,4.58—9.92,1.50—3.59 ,16.57—83.54 3.60—22.38 Fil 3.97—9.27, MBI Z5 A,
BARECF IR 7 P G JE T R M E B IR HET 4 Cd Hg As \Pb Cu Ni ,Cr, ' As Pb Cu Ni ,CriX 5 Ffi 03 LI 25K
AR BT EEAR /N T 40, AL R AR Ak T3 A A5 XU A2, 08 DXAR R 1 A 25 KU SRR, B AR BEAT S, Cd A2

®3 r1EESEATESKEERSIT

Table 3 Statistical analysis of the single ecological risk index of soil heavy metals

Distribution frequency of samples
4 T 40<E < 80<E < 160<E <
EER s mkm vsmm o PR g £, =320
Heavy .. . Standard 80 160 320
Ll Minimum Maximum Mean deviati " a
meta eviation N R i i
fres T Bl Ve (j:rcatl
Low Medium Strong v Y
strong strong
Cd 28.62 305.8 123.7 60.64 4 39 76 39 0
Cu 2.22 11.31 6.07 2.01 158 0 0 0 0
Pb 4.58 9.92 6.82 1.25 158 0 0 0 0
Cr 1.50 3.59 2.34 0.44 158 0 0 0 0
Hg 16.57 83.54 41.29 15.52 99 54 5 0 0
As 3.60 22.38 11.30 3.73 158 0 0 0 0
Ni 3.92 9.27 5.88 1.18 158 0 0 0 0
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RSB TE , BA 4 NREAUS FACEE A 25 KU 2% AT 5 2.53% 5 SREAC R 48.109% AR AS 1 B o A 245 XU 25 4% P B AR o
A 25 AU S5 G 1 oA FLAIAHTR] , 25 15 24.68% , Sk A= 25 KU FE 3 Ak B 3. Hg JCEFEAR T (R AL 25 KUK S5 G BE AR B i oy
TR, H B R 62.66% ; FEA T 34.18% AUREAS A T v B8 A 25 XU 45 5 oAy 3.16% MIFEA A B il AR XU 45 4%, Cd
1 Hg % DK A - W70 A 25 XU TRk 405K 62.27% F11 20.78% 3% F2 W] Cd % X KRG 0 7E AR S 1 2 S 7, —2F
DA A 2 A AR v s i
232 KAE L4 JE KR A S KU T

WF9E KK RS £ Cd.Cu . Pb.Cr Hg As il Ni fZEA W7 AL S KT8 B0 (RI) Fe/IME Ny 84.87, fie KAB Hy 398.56, K- {H N
198.65 , [X 3o 3 fA ik 1] BEVER AR AR S KU 250 . IWASIRIVE AR AR S KU SR A TR (3R 4) , KB/ REARER A 1] BE e L1
T AE R TR AL SRS SF I, For | 66.46% HREAS b v B v 7 AR 25 IRV | 8. 86% A A 15 B B0 v 7 AR AR KUK, X 24.68% 1Y)
BEAR D FARBE PR AR A UK . X 2R AT X Sk A6 o+ B A7 TR A P B A P T AR S XU, 0 5 AR SE R T TR Fe A B AL, k48
SEUTURT e AR Y BRI S A T RO (LA AR BOR R AL S E R BOR PR 45 S A B i — Bk FE A T 45
H, Hakanson VE7EAE 258 FHG BI0K B TEM 45 S R 9 K 3K 8 £ 2 31 Cd il He A5 /E 58, 100 SR FH PO A2 95 B0k IO TE M 285
SR KUK AE + 52 8] Cd Ni ,Cu Al Hg (975 3% SRR —Eieh: =22 5 R PEN )5 I8 BRI — -4 & 53— J i, Cd Ni |
Cu I Hg HFEHE R B0 5 R S BOX PRI PP 45 SR A7 22 520 E BN, (R4 %> 345 1 Hakanson 3578 + 36 4 )8
B A S R BE A P, SO R M AN IRBE S5 A AN IR T 3 4 A R0 2 S PR ff BE S D T & e oo Bt R A e i 22 7
RN T 4 PPN A5 R, S T 4 I T IO P B R SRR 1 )

x4 RETEESEEEESRBELSIT

Table 4 Statistical analysis of the potential ecological risk index of soil heavy metals

ﬁﬁ%feﬁfg%?ﬁsk degree RI<150 150<RI<300 300=<RI<600 RI=600
T2 Degree (1953 Ealis i FicEin
BIAL Frequency 39 105 14 0
LLf] Percentage 24.68 66.46 8.86 0.00

2.3.3  JRFE A SR 25 1) 2 A SR

T EWL R T RIS D 3R A 25X P Cd R Hig 1923 18] 730 A3 170, X3 1 A0 36 4 BRI A 25 XU 18 Rk A T 47 1
ORI 3, WHTTLIE i, 135 Cd TR S TR B, a0 A 2%, BEA Cd A3 AR 25 KU 18 B3 94 i 7 341 5 Cd P2
A SRR FE BRI A O Z I, R B TR A A RSO 73 5 Cd ARG A 25 XU 18 KOS A LA, 2800

3 13 Cd Hg £EBXEIEH(E,) ERZE DT
Fig.3 Spatial distribution of the ecological risk index of Cd and Hg in soils
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AAEREFE X IR AL 5 Cd B0tk A A5 WS MR AR T T & SRR RT3 I He IA SRS B R iR R, E2A K
JEER R BE WA SR G0 3 AT, H A A 285 ARS8 B 0 32 A AT 5 DX AL SR VY g 5, T Hg v B2 A 2 AR 48 R 2 2 20y
A eI XS] 100 B B o, P AL AR I Je I Ll AT A AR 230

DRSS AR 25 53 A F] AT A3 B AN ] DX e LS B (R 9 R/, AR Hakanson 25 25 XUBS 48 7 ZAR 1 , 40 A1 80 S LA 7
2 15 Yy A 25 RS AR EE A P B S A s B (L, 75 GIS HR R IR 718 v HUAR %, 70 31 LA 9 (B0 BRGNS Cd A1 Hg JT R A9 A2
BB IRBOEATIRE, S5 RILH 4, Cd A2 KU B ARy, IR BEE A8 O IR (40) , WSS DX SR BE AR R 4L 0.75 5 L b 2
TRBCN R (80) , 5 KB FE DX Cd AP B2 A A KB B R AR A 0.50 , JEH R T 0.75 19 IX Il 3 BT AR 7E Ik IX J] 121 AR
FRAIAR R, MR AR T 0.50 A9 X IAAE T URA/INIEBUM . Hg B S USSR AL Cd IR, 7E IR BEAR B (T (40) , Hg IR A
BRI T 0.50 F DI 3 I3 73k X FR] 120 % R v DR s L b BE SR HCR BUAEL(80) , Hg HhBE AR A KU HE ST 0.50 B9 IX I8
OM A R BERUIR , FEEOM TR L AR TR AR, AEU N BARHERAK

N
A

F 5l

F

CdA:Z RS R Hg A5 XU E3R
. 0025 . 0—0.25
0.25—0.50 0.25—0.50
024 68 10km 0.50—0.75 024 68 10km 0.50—0.75
I 0.75—1.00 I 0.75—1.00

il

>z

il

CAAEZR X% Hg A2 75 KR HE 3
B 0—0.25 B 0—0.25
02 4 6 8 10km 0.25—0.50 02 4 6 8 10km 0.25—0.50
AT T O B B A T R
0.50—0.75 0.50—0.75
Il 0.75—1.00 Il 0.75—1.00

B4 13 Cd.Hg £E5REIEHT T 40 70 80 KR HE = E
Fig.4 Risk probability map of soil Cd and Hg with ecological risk index > 40 and 80
(A 1B 4351 % Cd Al Hg A A5 XU R0 T 40 KBS BESR IS, C A D 43531 % Cd F1 Hg AR A5 U R 4R T 80 KUK HESR K1)

TR S XU TR B Kriging fif (EL I UL 5 5 DX A A 25 DRSS i M0 A8 0 o0 A LA v 2 A5 20 TR R TE BT & SRR AT 2%
A, i 9090 LA L X I8k o WA A 2 XURS AR B8 A5 G T B/, AR A 3 B, A4 TR R BT, A1 3 BB A S KBS A LA St A2 |
DURESLARARAR X, 500 DX I 7 A 25 AU A AR B B R L S0 AT — /NS O3 7 3 R A v i AR /N T 7 A S KR A
B E BE XS AL AR LI 6, M aT LU 1) 9 AR 25 XU 8 B v B2 7K P B A< B A A o, 44 AR 23 F 5 DX sl g XL AR

http : //www.ecologica.cn



19 Zefn A R SR L E KRS b G 5 BRSO A A KU AR 6343

L 0.50, 5 Cd Hl Hg B 43 Ja 175 Y XU AR IRT0S LU & B, DX P 7 A 25 XU v B XU B 48 5 G b 2 R0 XL O 4 T
() 73 A BEA— B XL Cd J2AFFE DX 53 i 0 3R T AR S XS B R JE 3R, HOXT XK A o3 Ja T 7 2 25 KU T ik
JEHZE o PR 6 ib T LI, DI A AR A5 XU, v B2 S5 AR T 0.75 199 DX 3 20 A FE Ik X PR 10 AR AN ZR g o, S AR
ARERAET 0.50 Y DX A1 7 TR BRI, JEEOE ML i A & 204

N N
A A
[X 3l A= 75 XU I g
X B A PR Dﬁf : ELO%?$
0 24 6 8 10km fé% 0.25—0.50
0 2 4 6 8 10km 0.50—0.75
ek E— Il 0.75—1.00
5 TEREEEESRERES(R)ER=ESH E6 +THREBEESRRISHST 150 RRHEEE
Fig.5 Spatial distribution of regional potential ecological risk of Fig.6 Risk probability map of RI >150
the soil
3 it

38 3 6T AR A B X K A £ Cd . Cu . Pb . Cr Hg As Fll Ni 7 48 LR & G0 fist 38 4 )8 15 LR vl
AR A SRS RPN, 15 DT 2518

(1) W5 X IF/KRE + Cd . Cu Pb Cr Hg, As Fl Ni P& mAREESE 5E, 2 ARREMNMER, Cd Bl 5 312.2%, 1
RICE BT 5 (H 5.0%—36.5% ,Cd AR EAE  He FBERAHAE , Cd P&l H RS R gbnifE, KRmE 1Y
TR T L IEIRBI R T AR BB P Cr A1 As 55 ERREE R T bR AN R .

(2) MFRE XK G L 4B AR S 20K, Cd AR iR K, A8 5 REET 50.0% ; Hg  Cu As A8 7 REA T 30%—40%, J&
FREEAR NI Cr Ph S R AL 20.0% , 28 38/, Cd Hg Fll Ni 2 XECE 205, Cu . Ph Cr £l As JBIEZAMG, SMNAA NI
SIS KK R £ Cd BIRZmaAE R S, %F Ni Cr Pb I As BYSZIAAL/IN, Cu I Hg 52 81— 2 BYSE A

(3) /KFE 1 T4 B IC R YA M4 ] . Cd .Cu Hg F1 Ni JE 2 8] L K Ph . Cr Fll As 8] #5 B B 35 A0 AE 6, 3830 0
AT ARG E A5 Y%, T MBS B ICR RIS 3 25 Cu Ni FI Cd BSRIEAAE] , 2 AR L F T T i54; P,
Cr A1 As B FZAIE T B4 B1 5T s He Z B ACK AN E SR B RYFE , ] BEAC TR TR AN T &AL i% 50,

(4) TKFE A A By v A5 A S IR 45 2, B3 24 70.0% O REAR 15 51 b 37 sl et e 2R B KBS, Cd 20T 9 K 80K AR
TVBAEAES RS Y 5 W HTER Ry 62.27% ; LR He, X DX IRKFE 1 75 A6 2R 25 KU STER % 4 20.78% ; As \Pb  Cu \Ni ,Cr
AL A A 2 XU S5 2, %o DX sl K RS - W A A 2 XU BTRAR D . DA EE 4 S v 7 26 2 XU RS 0 A AR AE SR, 30 X el 30 % i o
AT T U X A A S IR 4 e XU X, i IX R Rl Hg JG R (2R 2500 2 Bk, migiam v R 288 Cd Je YAk
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