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(Cu. Zn. Cr. Ni, Pb, Cd. As. Hg) W& &, RAVGREAMIEEL. Hh BBIREIOE A S FIEE
VA T 4 5T 4 i U5 YRR, JF45 G R OGP 3 A PMF BTt 4 498 8 4 i Sk UR AT A0 BT 45 R 3R
Bl WF5EIX 38 Cr. As. Pb. Hgd4 MEESEITEMN TSRS T omA LT FE; 5§ MM
AL TFRMI Y o EFHEBP As (0.92) >Hg (—0.05) >Cr ( —0.41) >Pb ( —0.52) >Cu ( -1.05) >
Zn (-1.20) >Ni (-1.21) >Cd (-3.23) , As CRJETREZH, HRELSEHWIEER; BAEESK
G IS P bR He TR IR B S AR KU, HA 7 P 48 o RN R A SRS, B9 K A kb T
AR . - 4 8 Sk IR A B PMF AR AT 5 AN, DTEREE S 14.8%. 16.1%. 15.3%.
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Analysis of heavy metal contamination characteristics and sources in
farmland soil around copper dressing and smelting plant
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Abstract To analyze the characteristics and sources of heavy metal pollution in farmland soils
around a copper dressing and smelting plant in Yunnan, the content of heavy metals (Cu, Zn, Cr, Ni,
Pb, Cd, As, Hg) in farmland soils was measured, and the pollution load index, ground accumulation
index and potential ecological hazard index methods were used to evaluate the characteristics of
heavy metal pollution in farmland soils, and the sources of soil heavy metals were analyzed by
combining correlation analysis and PMF model.The results show that the average contents of Cr, As,
Pb and Hg in the soils of the study area are higher than the background values of soils in Yunnan

Province; the pollution load index is slightly polluted; the geoaccumulation index is As (0.92) > Hg

2023 4F- 3 J 13 Hiii#i (Received: March 13, 2023).

* ZFE AR EARGEAAREIE (= KBAFE (2019) 274 5 ) FPBEFRESRHFE (CIJ20218-06) B, .
Supported by Technology Project for Industrial Technology Leaders Under the Ten Thousand People Plan of Yunnan Province (Yunnan
Development and Reform Personnel [2019] No. 274) and Chinalco International Key Research Project (CJ2021JS-06).

* * JB{EEKHA A Corresponding author, E-mail: zhouhan@zskk1953.com


https://doi.org/10.7524/j.issn.0254-6108.2023031303

312 7N 54 1t 2 43 %

(—0.05) > Cr (-0.41) > Pb (=0.52) > Cu (—1.05) > Zn (—1.20) > Ni (—1.21)>Cd (—3.23), the element
As belongs to light accumulation, and the rest of heavy metals are non-accumulative; among the
potential ecological risk single index, except for the element Hg, which reaches medium ecological
risk, the other seven heavy metals are all at slight ecological risk, and the study area as a whole is at
slight ecological risk. The PMF model analyzed five factors in the analysis of soil heavy metal
sources, with contributions of 14.8%, 16.1%, 15.3%, 26.6% and 27.2%, respectively. Among them,
element As is mainly the source of industrial activities, Cu, Zn, Cr and Ni are mainly the sources of
soil-forming parent material, Cd is mainly the source of agricultural activities, Pb is mainly the
source of traffic, and Hg is mainly the source of fossil fuels.

Keywords copper dressing and smelting plant, farmland, heavy metals, pollution assessment,
PMF model.
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1# %} 183 73 80% (PCAJAPCS) FIl UNMIX AR R JEL S5 0891 JHorf PMF A6 R P02 ply - JJ 7 A4 1 75 G U8
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048 I 2R S A5G T 75 st Jo il - S < J o5 i B MR OK, AT AR 2 b L < R A A s e i O
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1 MRLE )7 (Materials and methods)

1.1 W98 X HESL

5 X b A LU ()R] 45 2 1 i 2, DX P LU B [ 22 Sy 3 b 1, b 38R = PR AR, ¥34R 760—2220.6 m.
TF 5% DX Ja Ay o D R i 2 AU, DO 2o 4 B (H L W X BN B AR SR AR I A
2.1—36.7 C Z ], AR FERR N 17.2—20.1 °C, B4 5—10 H AW 2, BER & (5 24E 0 84.7%, AHXT
TR 75%, 4422 NV R ARG A A, W5 X 32K M0 D21 38 + RoR4r 3l &, + 3 ImAR . Bl
HARFEAR, SNy 3e4s, e BAT B4 he ik,

VEIR T M AR 2 252330 m?, A T2 LI A S RURE, SR A HER - AR G- B T2 A PR L R
B 7= i, A PR R R A P FL R 4000 t-a!. BEIR T F 2005 AR IE 2B E, 2013 AF Bl & 9 UER 08 I 45
MR B =0 R, AR 7= T 2R R AU TR T P PR i D s AR L, SRR R OK L K
FZS I, AR A M.
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1.2 FEACREE B

- A AT A R 100m> 100m Y R A% AT A, FEA I8 76 A 1 HERAE AU, BAS B A R IR 2
(0—20 cm) }2(30—50 cm) iy - ke, 36 152 A ek, R E DL 1. £IERER S AR, &
R A P AR 3 RIS A 2 o J DR AR AUF S 2 100 H i, 1 ] HNO,-HF-HCIO, 571 %, Hirh As. Hg 28 T /K
i, T B IR T W e 20 66 B (Cu, Zn, Cr, NiJeZ ) o A1 85 T WO 4366 B ¥ (Pb, Cd ot
). R T (As, Hg Jo ) ME . 78 o 72 v (i B 5 4 48— bR E ) I3t (GSS-8.. GSS-5) #F 4T
R FES], Cu, Zn, Cr, Ni, Pb 1 Cd #f & [FIR K 89%—110%, As Fll Hg #f 5 MR R 92%—98%.

[ 11085—1115 | | Legend 0 o —
. 1151136 - A S Sampling site  EE——
Elevation/m —_— . Rk
11361162 A BHighway L JAR XResidential area

P162—1189  JLAkEHCatchment ditch [ 4R X Farmland sampling area
I1189—1240 [ ] #%34) Copper dressing and smelting plant

B R

Fig.1 Sample location map
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1.3.1 {5Yfammia %
V5 Y A7 far 15 BR ) R S W H AN ) B 4 e T Y v YRR B SRR R Y YR TRk L ¥ e B T 48 BOEA
THIFE 1, A (1—3) frs.
F1 HRARIER R

Table 1 Pollution load index classification

R R
Pi Grade PLI Grade
P<0.7 Jeim g PLI<0.7 Joim gk
0.7<P; <1 Bs R 0.7<PLI<1 U RS
1<P; <2 BEGY 1<PLI<2 BRETGY
2<P; <3 rp R Y 2<PLI<3 v g Y
P>3 R PLI>3 ERETGY
C;
P i= = (1)
Co;
PLI= /P, X P, X P;X---X P, (2)
PLL,. = vIPLl X Ippy X Ipp3 X+ X Ipp, (3

b, PO EGE § WA TS AR 8, C O E R § SEPRREE, G AT R ¢ AT S5 (AR SCRH]
A TR RN, PLIYSRAE TS R ST B, n W E SR FSEL, PLL,,. FHTTE XI5 5L 0 A 4
B, N RFE AL
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1.3.2  Hb BAFEH0k
o RS K B0 R A ] 22 Muller 21, 2 IR EZEG T T ARG SR B AR M i R XS T 4
JEG YL 52, M RS B L3R 2, A inat(4).

G
Igg,, = 10g2 (ﬁ) (4)

N Ly, ARG YAERL; C N SR ¢ RS B, M-SR § TR CRSCRI = A LT
SAE) 5 K R R, — 1S
®2 HWEBREIH

Table 2 Classification of the geoaccumulation index

Lyeo I4es<0 0=<ly0<1 1</,0,<2 2<l,00<3 3 yo<d 4<1,0,<5 Iye>S
G REM L A P H R SR HE R i 232 2R HEREM JH R

1.3.3  EAEA SIS TR
TR AE A2 25 16 3 48 Ko ) B B2 1 Hakanson (i B2 2 ) $2 Y X LB T o0 HHERE & B I &
B, W R T EA R TR R, VR A 25 XU S U PRI o R L 3, A an(5).

RI:Zn:E,:Zn:Tix% (D)
i=1 i=1 !

A G 0 M EE G W P SCAES; S, M iZOC R PN AR E (R SCR T = 4 RSB i (1) T, N
GJEICER | BITEENE B FR K (S 25 A0 S SCRRIBUE ™) 5 E; 0 T8 00 B0 A 25 KU 45 50, RT R HE—
INA:SEERE g RAAN v E (=R 4

R3PIBTEAE S KGR B (E) LG TR S KB T EU(RD 73 2%

Table 3 Classification of individual potential ecological risk index (E;) and comprehensive potential ecological risk index

(RI)
E Wﬁ‘%f)i RI Jiulﬁ%é}i
Risk level Risk level
E<40 LEY RI<150 LEYT
40<E<80 &g 150<RI<300 &g
80<E<160 G 300<RI<600 G
160<E;<320 (i RI>600 AR5E
E>320 &

134 TIHEHEE)REMT

1F 5 B PR 743 g A 7R (PMIF ) 24 260 S ) R A 21 B %o ¥ e UR R A 7 8 B i M i B0 O ik % ik
BB RS X oAl i 5 A i B, R X T LA i R Bt R F A BOE RS G, 3R 2= E 3RonFE
W X, FIBEHURERE Y, Z A i) 22 (A, A R AN T

4
X,«jZZG,-kaj+E,«j(i=1,---,m;j=1,“-n) (6)

k=1
b, X A P FER AR BRI, Ey IR EFE IS Gy IR B I Fyy by 5 4800 A
PMF ALK S5 S E 8 43y 22 800 TTAR (G R B F-55 CF) PR 4, 0P A4 BRORE s T e & 22
AN B, RS SHEA T INAYL, 153 /s B AR R 8L O, WWA(T):
0-335%] )

u..
i=1 j=1 i

P, wy ARG R R R A E P, TR (8):
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5
— X Lypr, X;; < LypL

U;ji 6

i~ (8
\/(RSD X xij)z + (LMDL)zs X;; > LypL

2, RSD by 5 453 Jai Wk P2 A AR X AR M A 22, Loy, 2 77 A6 1 B, xy; oA T 46 S A i ik 2
1.4 Hsabr

iz ] Bxcel2010 #1735 4 J& & & 4o 1120 Fr, SPSS19.0 ¥ 17 +- 3 5 4 J& #H o1, 25 A) 4 {E 7E
Arcgis10.8 H15¢ i, PMF #E A1/ 4f1 7 EPA PMFS5.0 H15¢ ..

2 5 5418 (Results and discussions)

2.1 LTEEES)RE G ERE

T IX 152 {4 LIRS R 8 Fh 4 JE LR S GE 1T W3R 4, 158 pH {HIE I~ 4.10—6.50, F4{E A
5.1. WH 4 JE &HKFH, Cd. He., As, Pb, Cr., Cu., Ni, Zn B ESE S5 4 1.55, 0.261, 12.2, 46.2, 115,
74,59, 113 mg-kg™', B As JTLER L, oAt 7 B2 19 F X0 249 A 8 ok € - PR BE ot o 4 FH 1 4 4835 2 XL
W A AR E (1047 ) ) (GB 15618—2018) B A& 1 i e . ¥4 )2 - HEAE 5 S IR )2 T 3EHE b As. Hg., Cr,
Pb LR G HSEIHMHE NI R A LT S EA 3.04, 1.58, 1.21, 1.08 {51 3.41, 1.62, 1.29, 1.12 f%,
TR )2 e 5 B 4 R B B LA A A N SRR 3 Cd R B TR R, HAFHESE oRY
J&F i SAR 5, B Cd JC B BRI B, 1ZOT RAEWF T X N 4 A AR5, 22 98 X N 260 8l 3¢
M) .

x4 HERGEZIR
Table 4 Statistical table of heavy metal content (mg-kg™")

FAERIE — ¥ mME HRIE brifE2E 5 REL - - GED il
. JLE g . . i VA .
Sampling Mean  Minimum Maximum Standard Coefficient of . Background  Filter
Element .. .. Skewness  Kurtosis
depth value value value deviation variation value value
Cu 37.03 18.00 190.00 21.10 0.57 5.28 37.09 46.30 50.00
Zn 59.02 23.00 145.00 17.87 0.30 1.82 6.94 89.70 200.00
Cr 78.91 8.00 163.00 33.71 0.43 0.13 —-0.57 65.20 150.00
Ni 29.63 5.00 55.00 13.01 0.44 -0.02 -1.15 42.50 60.00
0—0.2 m
Pb 43.80 11.30 94.30 13.83 0.32 1.18 2.82 40.60 70.00
Cd 0.09 0.01 2.60 0.30 3.18 8.08 68.33 0.22 0.30
As 55.86 6.99 163.00 24.34 0.44 1.18 3.95 18.40 40.00
Hg 0.09 0.02 0.32 0.04 0.46 2.13 9.96 0.06 1.30
Cu 34.88 18.00 63.00 10.93 0.31 0.56 -0.07 46.30 50.00
Zn 63.41 30.00 159.00 23.48 0.37 2.56 7.61 89.70 200.00
Cr 84.03 21.00 165.00 33.73 0.40 0.30 -0.44 65.20 150.00
Ni 32.08 9.00 57.00 13.47 0.42 —-0.04 -1.21 42.50 60.00
0.3—0.5m
Pb 45.38 17.30 128.00 14.94 0.33 2.44 11.70 40.60 70.00
Cd 0.04 0.01 0.18 0.04 0.93 1.47 1.51 0.22 0.30
As 62.74 3.86 178.00 32.15 0.51 1.32 3.01 18.40 40.00
Hg 0.09 0.02 0.23 0.04 0.45 0.93 1.84 0.06 1.30

22 HHEE SRS A RHIE

KRR B A EE 15 (IDW) XY X 3 2 38R A (0—20 em) T 9 EE & Jm & &b A 725 (B4, 45
ULIE 2. 25 843 A W : Cu, Zn JUER 25 [0 43 A 38R — 3, b oA T 58 IX AU K P e A, e 8 B 2 3
DX 8 5 A X B AIG; Cry Ni G 2R 20 A WL 2B, FH X i (B 5, 35 B4R rp AE A 5 X 3 B b X s; Pb T
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R SR AR AL TS AR AL RSN, rh i DI B2 2R V4 ol () 28R 20 A1 5 Cd T8 3R i AL TR AR L
M, Mo Z2 e L RO 5 As T0 3RS B 85, LS () B 2R b 1) 7Y R A7 IR 23415 He T8 AR XS

[ (MR VA Rl A R G S s e ey

A e DX 2 B A WO X P AR TR S5 I A R4,

I 1) Y P A T S A, o Je e e DR AR | BRK SR AR HE ALK 08 N I 20 R AR, PN AT REJ2 15

JK P B 4 Jm AR

I 18.003—28.706
9 28.707—34.351
93435237329
[77137.330—38.900

[138.901—41.878
(14187947524 0 200 400m
[ 47 525—58.227 L

[ 58.228—78.516
78 517—116.979
B 116.980—189.895

>z

‘C‘r/(mg'kgfl)

I 8.043—32.044
I 32.045—47.817
[ 47 818—58.184
1171 58.185—64.997
[164.998—69.475
[169.476—76.288 0 200 400m
1771 76.289—86.654 1

[ 86.655—102.428

B 102.429—126.428

B 126.429—162.947

. i

. - ) O
B ph/mg ke ™) ‘
B 11.327—24.870

24.871—32.924
3292537714
[137.715—40.563
[ 140.564—42.257
[ 142258—45.105
[7145.106—49.895 0 200 400m
[ 49.896—57.949
I 57.950—71.492
B 71.493—94.265

N
ol ° -
As/(mgkg™) ®
B 704420502
B 20.503—29.525
[ 29 52635 575
[17135.576—39.632
[139.633—45.682
[77145.683—54.705 0 200 400m
1771 54.706—68.163
[ 68.164—88.235
I 38 236—118.171
B 118.172—162.820

2 HEREE

23 HIEESEG YO
23.1 {5 far i BT
5T X Y 1 T 4 JE o R i Y

¢’~'~‘r”.
" Xe

all’ S
Cd/(mg-kg™)

>z

Zn/(mg-kg™)

0 52943.767
43 768—53.704
91 53,705—58.353
558.354—60.529

60.530—61.547

16154863722 Ol
5963.723—68.371
68 372—78.308
B 78 30999546
99 547144938

>z

. Nl/(mg kq ‘

g
501613557 -
I 13.558—17.973
1797420256
(12025721437
[ 12143822047
2204823228 0 200 400m
112322925 511 (S R
2551229927
20,928 38 468
I 38469 54.986

2

)
-

00100030

0.031—0.039

[510.040—0.042

[710.043—0.051

[10.052—0.071

[ 10.072—0.118

[10.119—0.230 0 200 400m
0.231—0.495

0.496—1.121

11222598

00180042 &
I 0.043—0.058
[ 0.059—0.068
[7710.069—0.074
[ 10.075—0.084
[ 10.085—0.099
10.100—0.124 020000
I 0.125—0.162
B 0.163—0.224

N 0.225—0.321

[i1] 731 J&]
Fig.2 Spatial distribution of heavy metals

FRE PN G RN AL 3 B, 2% H G R U B N 1 i5 e s Bor- 2

il R BN/NERE N As(3.22)>Hg(1.60)>Cr(1.25)>Pb(1.10)>Cu(0.78)>Ni(0.73)>Zn(0.68)>Cd(0.68),



13 SN H it ] 32 Ak P b T 4 R T YRR T BOR U i A 317

Hrf Cu, Zn, Ni, Cd TR & F IR MI5 4K F, Cr. Pb, Hg TR & FRES YK, As TR N
TG YK FAE X 3G e A PR BUR TRAMIS U R E &R T RIS P RE R, H
1 Cd T 93.42% AYFE S B T Ii5 94K F. Cu., Zn, Ni JTE T3 514 86.18%. 93.42%. 76.32% HIFE
fi Ak JC 5 Ye—F BT YooK, D E AR S O R IS L. Cry Pb JTE IR T 50% A RE S b F I8 TS G
— RIS Y, KER S I8 TR BRI L. As. Hg JU &R 11 L4330 4.60% . 19.08% YA i 2 Joi5 Je—F 1
TE Y, KRG Y Hg T R MR TS Y, 100 As J0 2 KH0 /0 B i 5 B8 75 e BiF 9% IX AR R T8 15
— RS YL K, R TS YK AN, (HH T As, Hg TR 2 RS YLD b, HfaE R 2.

13
12
11

—_
o o
T

£ 4

%% %%B %

1 1 1 1 1

Single factor pollution index range

—_ O = N W s N 0o
T
.

Cu Zn Cr Ni Pb Cd As Hg
B3 EEEAPH TR EOT M
Fig.3 Box line diagram of heavy metal single factor pollution index evaluation results

232 WREBUHEGT

WFFEIX - TR 4 0 BB ST 00 55 U 4. AU BP0 8 B0 TR 6 70 2 40 BB U ST 19
{6 R BN : As(0.92)>Hg(—0.05)>Cr(—0.41)>Pb(~0.52)>Cu(~1.05)>Zn(~1.20)>Ni(-1.21)>
Cd(-3.23), Hirh, As J& TH2IE BB HART SRR T8 2B N4 8RB A9 4k 77, 8 F TR
& Jm L RARIE RS G o 4 R OPEERBD), Horb, As STTRTE M R (3 90 F B R TR (4 90 1
LR 53.94%, Witk—LUiW] As TR Z 15 Q)™ B, HoR BRIt R EAR TRRERO %) —RER
(2 Z0) Z[H].

.

TR

Geoaccumulation index range

1 L 1 1 1 1 1 1

Cu Zn Cr Ni Pb Cd As Hg
3 B Y AR e
Fig.4 Box line diagram of heavy metal geoaccumulation evaluation results
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WF5E DX 9 45 JR VA A S G AR BN e A R WL IR 5. 4% H1 4 JR JC 3R 19 BRLIUAE 28 XURS: 5 HiT-
AE i KB /N4 500k - He(64.17) >As(32.23) >Cd(19.50) >Pb( 5.49) >Cu( 3.88) >Ni( 3.63) >Cr( 2.50)
>7Zn(0.68). Horf Hg Ju R Ab T rp 88 A A XK KF, HoAy 7 Fhoe R 40 TR 2SR K, BF5E IX 1 4
4 A 25 A A AU 4R U TR A S AU K F. Horf Cu, Zn, Cr, Niy Pb 9 5 FoT 2 BT A #6340
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RS IKKE, Cd. As, Hg JGE IR R SR o5 HE 20 902 98.03%., 78.29%. 19.08%, H145 A 25 X
B 5 b il 1.32%. 19.74%. 55.92%, 3R A= A KU o 43 2 0%, 1.97%. 23.68%. Hg Fll As ) BTHR{E
FHXT 5, Hg B TTRR K 52.56%, As IRZ, TTRK N 26.4%, 1 HiAY 6 R 43 )@ 00 STk R AR KRR, WAE A=
A HE B A Z T 48 S s, R KRB bt 5 1 4 8 d PE AT o6

160 | % A 25 KU Minor ecological risk
7 o = - - &3 48 A 45 ML % Moderate ecological risk
7 == %4 2R Strong ecological risk
140 TR A K Very strong ecological risk
[ AR5 A= &S XU Extremely strong ecological risk

120 | _
100
80
60 |
40 {
20 L y
‘ Cu Zn  Cr Ni  Pb nCd As H;
B 5 e mE A SXRREEA E

Fig.5 Potential ecological risk index distribution of heavy metals
2.4 THEE GRS

XFWFFE X e i B 4 R JE4T Spearman AHSCHEIM T (WL 5), 70 Mr& RKB, Cd. Hg JTTR 5 HAlL
JLR Z A JCH ARG, H Cd 5 Hg W IJCH G, B W T R 7] fE M 57 R . #E Cu. Zn, Cr. Ni,
Pb Fl As TR, BRETTC R Sb, HARE 4R ICR Z 18] i 35 IEAHOC, JURN 42 J8 J0 3 22 [ AH Ok S e 1
5 JE ] REAEAE L [R]R.

Potential ecological risk index distribution
i

RS HEEIUEAMMERLOER

Table 5 Correlation coefficient matrix of heavy metal elements

Cu Zn Cr Ni Pb Cd As Hg
Cu 1.00
Zn 0.72%* 1.00
Cr 0.72%* 0.75%* 1.00
Ni 0.66** 0.72%* 0.85%* 1.00
Pb 0.30* 0.22 0.15 -0.10 1.00
Cd 0.19 0.12 -0.03 -0.13 0.26 1.00
As 0.43%* 0.51** 0.47** 0.48** 0.29 -0.15 1.00
Hg 0.32% 0.30%* 0.15 0.30* -0.22 -0.02 0.09 1.00

*1£0.01 R, AHDEPERE 555 *£0.05 U ) , A1tk i 5.
**At (.01 (bilateral ), the correlation is extremely significant; * At 0.05 (bilateral), the correlation is significant.

2.5 JLF PMF 8 ) + 3E 0 4 s IR by

K H PMF #5080 X AF 5% X+ HE 5 4 J@ JF 17 R VR A A . fF I & B R E L SR8 U 5 A
EPAPMFS5.0 43 Mk A, 8 Fi e 4 J& ¥4 4 25 S “Strong” (S/N>3) , AHIFST 5 & 3—6 A 1, iz Hf
FE T HFECH 5, 18 IREEACIZ R H Q(Robust) 5 Q(True) AT, 3R W] HL 52 HE (A SRR FUNA{E 2 8]
KB RAERLGROR, R/ ak 22 4b T-3—3 Z 0], s Hras R W3 6. 8 Fi i & J@ u R A 4k R K
T 0.7, K] PMF BA A 45 5L AT &g

PMF & B 3145 5] 5 AN 1, SRk R0 5010 0 14.8%. 16.1%. 15.3%. 26.6% il 27.2%. A F 1 %t
As JCE BT AL 5, TTHERR A 62.9%, [FII X Hg J0 & 1 STHk R R 20.3%. J7 40 P 5T R0, iy
W3 B AE 2 S Gy ol Ak, B As FIOLA AT REOC R, 1A As JTTREA 3 AW BUE R e R,
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G N HEAR Kt i, B0 A AR — 2 1 As JOR, RIS A A P i AR b g 1 | H R R
A — ROV T e, 2 P8 As S8 G R TR WA A OB, LA =R 9B Uk A J 1 BR g v 262,
I, BT 1 2 Tl 5.

®6 THEHESGIETTY: PMF FRLJR A4 R

Table 6 Source analysis results of PMF model of soil heavy metal pollution

Fl1 F2 F3 F4 F5 R
Cu 4.1 16.9 12.7 38.6 27.7 0.92
Zn 12.2 26.2 4.1 30.3 272 0.72
Cr — 17.0 2.5 55.1 254 0.86
Ni 3.4 — 0.8 62.0 33.8 0.83
Pb 15.1 62.0 4.0 — 19.0 0.99
Cd — — 94.3 — 5.7 0.99
As 62.9 59 43 26.8 — 1.00
Hg 20.3 0.9 — — 78.8 0.99

K7 2 %} Pb JC & 5Tk R4, TR RN 62.0%, [F I X Zn 70 & B TRk R N 26.2%. #F 5% 2 1,
Pb J0 Z 14 2 R JEAR 1T BB I AN SE IR B = A 1, TRl Zn 0 28 AT RE R VR 48 G A o 2 S 4 L i)
TR SRR DS AN SR S B0 30, A3 ) 43 M7 & B Pb 0 AR AR P )i bR 2 A, L vy (L DX 3l S5 01 9 [X s
FE 1) /) 66 % T 000 % 2 A — 350, BRI 9% X Pb T 248 AT BEK A 283 T5 4. B, 7 2 T RABA h J2

K ¥ 3 X} Cd TR M TTHRCRE R, 4 94.3%, AH AR R 3 & 4 )8 Cd o 20k A e
BELARZGHRR B SRR &, Cd TCR — MgV Al i s AR e B L iR 58 X b Cd Jo 8 Tl
AR5t 52 N RS, A S S AT v ELA A ST R TR, W5 XK R R A KRS . oK, IERE A
A= i A AT BE S i Cd JeE A9 BEL BT LA, T 3 R TE.

K- 4 X} Ni, Cr. Cu. Zn JG &R MY 5THRE S, TTHRR 735008 62%. 55.1%. 38.6%. 30.3%, Cr. Ni Jt
R — A N2 IS S, (E A W 2 W] Ni JCE A2 Tl I 3 B2 i e, ZERF 58 X R LR T & &
SR T kAT A B S R, LM S S A S, S L AR T R T R R B A G R,
HF 4 H AR

K- 5 % Hg TG 15 YL 1Y 5Tk 5, BTk EH 78.8%, [RII Xf Cu. Zn. Cr. Ni JGZ 1 5TEk R /3 9
27.7%. 27.2%. 25.4%. 33.8%. WF5¥ B Hg JC il i KA UTRE R L1, 202 R IE TR b Fh
G JRIGHRDS 2, R BT 48 AT B R B A NiL Cu JTE, SERRBE T B i R, 7
23 [B) 4347 v Hg T6 3R (5 B A 2B TS X V8 g 75 S v s 5 30 i R SR AR X, J R AR 7= 2B 0 R B Bk
BRBHIEAE 2 S EULR TR R REL Bk, W7 5 A eHE.

3 %518 (Conclusions)

DFFEIX -4 Cr. As, Pb, Hg 55 4 FionZ M P2 & M =m0 1S 5ol TR )2 48k 5
LR E AR RN, DOFBMER R, AU 5 (0 48 & AR &5 ) b R 4
J& TCER R E e 5 S R B IR A, A TS XA . R K P RS AR R X A S R, R
IR R DX 5 B A AR AR

2)WF5E IX - HE b 8 Bl 4 JE 5 Yo 17 for 1 B4 R AR I R R Ak TR S Y. R R A SRR
As TUE B THE B, AT SR NI BFL bk He J0 2 9 7E A= 25 KUK FRL I 48 $0R 21 v 45, Higx
(1) 7 B EE 4 00 0 A0 AR A5 KRS BRI AR HIOR e i, AR A TR R S KU IR A PR RS IX As,
Hg JCE M XU 8w, JUHJE As JUR N R .

3) H 4 JE ok IR 43 A o PMF 5 AU L fig BT S AR T, STERR 0 B 14.75%. 16.11%., 15.34%.
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3

43 %

26.6% 1 27.2%. 432 LA X 3 As J0E EZ A Tk, Cu, Zn, Cr, Ni JLE F 2R AL
FEEFYR . Cd TR FEE ARG SIE . Pb ot HR EE NSl M Hg 70 R T2 Wb A BVRHE.
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