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Risk assessment of heavy metal pollution in farmland soil around mining area

DENG Hai'? WANG Rui' YAN Mingshu'>  ZHOU Jiao'>  JIA Zhongmin'

LIANG Shaobiae'>  BAO Liran'>  LUO Yujie'> DU Jing’™"

(1. Southeast Sichuan Geological Group, Chongging Bureau of Geology and Minerals Exploration, Chongging, 400038, China;
2. Chongging Key Laboratory of Land Quality Geological Survey, Chongging, 400038, China;
3. Chongqing Agricultural Ecology and Resource Protection Station, Chongging, 400038, China)

Abstract; In' order to systematically evaluate the pollution risk of heavy metals in the soil-crop-
human system around the mining area, and to provide a scientific basis for the classification and
management of ecological risks in the mining area and the safe production of crops, 321 surface soil
samples and 30 sets of rice and corresponding root soil samples were collected in the main farming
area of Jindong Township, Qianjiang District, Chongqing City to analyze the content of heavy metals
(Cd, Hg, Pb, As and Cr) in the soil and rice, the content of organic matter and Mn in the soil,
and the soil pH. By using the potential ecological risk index method and the human health risk
assessment model to carry out heavy metal pollution risk assessment. The results show that both Cd

and Hg in the soil of the studying area exceed the standard to a certain extent, and the content of
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heavy metals in the soil is affected by soil parent materials, mining activities and agricultural
activities. The overall potential ecological risk of the soil is relatively small, mainly caused by slight
pollution. Cd and Hg have very strong-extremely strong spot-like pollution points, which are the main
soil pollution factors. Rice samples have the problem of excessive Cd and As. The content of heavy
metals in rice is mainly affected by the content of heavy metals in the soil, soil pH, soil organic
matter content and soil Mn content. Exposure intake through food has a certain degree of non-
carcinogenic risk whose main contributing factors are As and Cd. According to the different
characteristics of heavy metal pollution in the soil-crop-human body system, pollution classification
management and classification treatment can be carried out to achieve the purpose of safe land use.

Keywords : mining area, soil, crops, heavy metals, pollution risk, human health risk.
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FRBEIE, AT A ] R 28 [ G BRI S E T L TR S R M I BRI G e [l ot LAY
W T 2 HBRAT 0 L1 23 DXCHB BT A 9A m  t  L J rh R S AT TR 5 R A
IKIREAREEAN T EA R E S, RHEE S Cd Zn P S HEE WAL RAE TR R, H =4
W Cd A FICR MIRYEIR K, 2 45 A 1A B IX - 3l e 15 Yl ™ Bt DX ade 2t B4 A 1 it s i)
AL PIVESEAELS X FEAL R X R A i - M 4 T YRR R TR AR R R BR SR
DRI 3R AR M Y [ 0 0 385 5 DU R A5 7 R PV A A 25 AU i B0 2 i 2 PR A T e P
11 TR R AR , A IR 46.3% FOSRAE fi A T 5 A 25 KU R BE S 15. 6% B R A s Ak T AR o 4 A 25 XU 7
JE |, 39075 YA A 5 R RS R B R X R+ SRR AR AR 4 15 YR DU HEAT T 0P, 25 SR 3R
B9 DX 5 AR 1) A 285 XU A P PR SR A i EE 91 0 T3l 35:2% 1 42.3% , 3 T 4 15 e I ™ i, HL AR
K TR/ INAZ B it T 4 e SR W) 0, SR PR B o 4 R AR AR I s M B X T I R L
4 A AR KUK AT T IPAG R, - LA, As 25oxt JL 33 1™ 3 14 Al B0 (e S8 , B Sl 2
WATE] T AL A 8. AT WAl 76 Bl 23 i Rk I - o 4 s A AR R W AR A 1 22 A P A A
AR AR LATE RO 200 e A s A B SR B0 X R AT A S KR DA, B2 R B
PEBFTE , AR DX AR 75 5 AU AN BE A B IE 1 B0 SR, S B LU X I 2E AT B B SR V5 e 1.

AWFTE AT X R R RE™ AT DX O AT TSRS G2, SR VR A A 25 XURSE 13 300 RN A B RS, DAt 6
B RGO R RAE Y- AR GEEAT B 19 Qe A, 35008 19 Qe 0K, 15 BN [R) A B ) 32 275 G A
T PR N ER  RUVIOAET XA 25 XU (970 236 BRI ) 2 2 A = S IR Ak Bl

1 B B5 T3 (Materials and Methods)

1.1 AT XA

5T XA T3 PR T B VL IX R AR 41 & DX P Ak T JEE-5 06 AR il 199 A8 i A 1) 1 L ik 2z (1] b $5 it
R A LA AR RSS2 2 IR 750 m A2 AT, e A OISR (1540 m) | FOEIIA (1461 m) |
FH AR (1145 m) 1Y 3 JE LK, B W (410 m) A Rr AR T 7 BT 11 2 XM X, K B R A 35
UGS H T ZMARAVEY A A AU SRR 28 8 T4 6 MTEON, f e i A B VL IX BT L.
BEHZE TR R DS, RIER AR DL B | S A I BT IX R AR 0 A A Rk T
BEW.
1.2 FERCRES T

16 E B, K 1:50000 LIRS 0—20 em HIFR)ZE 48 321 14, 395 SR 4E 30 MoK RkE & M e
EMR R L. HRETAE QAR T I AR T T B rh B AR A A2, IF Kb 4 iy
WA LA RAB AR 2R 18 IS AR o 78 2o 0 i AR 2 e A T, DA L3 iR i 28 1 AR R SRS A
a5 S TR0, B 2 mm (10 B ) Rig, Fe4-R A5 , AP 502 BURE i 500 ¢, 2. /K FE AR e TC
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159 Tk JEREIAET AR Bk, 18 28 S0 2% E— 20 b JHL 44 2 i 20 il 1 ey i D T 3t
JECR I 8 B8 B R KRR il ) 3 A 7 1 ARG H BRI ER 1.
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Table 1 Sample detection methods and detection limits

b i IR o BR
Sample Index Analytical method Detection limit
Cd H SR & 45 B8 IR B RS (ICP-MS) 0.02 mg-kg™!
Hg JEF 9GS (AFS) 0.0005 mg-kg™!
Pb JETFHIETE (AFS) 2.0 mg-kg™'
i As JRF 5663 (AFS) 0.2 mg-kg™!
Cr JRF I CRE (AFS) 3.0 mg-kg™'
pH HEPEPE B T EAR Ik (ISE) 0.1
Corg iR Rk 45 1 (VOL) 0.05%
Mn HL SR & A5 B IR BT (ICP-MS) 5 mg-kg™!
Cd 0.0002 mg-kg™!
Hg 0.0005 mg-kg™!
IKFE Pb HL SR B A5 B IR B R (ICPAMS) 0.005 mg-kg™!
As 0.01 mg-kg™
Cr 0.005 mg-kg™!

A R R AT R — B R M T ( GSS-4 . GSS-7 .GSS-8 .GSS-9 . GSS-12 .GSS-17 .GSS-21) ¥ )5 1
PEATHEDHE (AR 22, RE K50 ) B HLAIAE 73 B (CEcs: y Rl R 0 209%0—30% ) HEA TR %5 L A6 56
LANEW g —HEAE SR A IR AR Y BT 1—2 A S50 SRS AT | 3530 B ol BRI X P A T 15
25 BRAIN R 22 <30% K5 % AR . SRS WAk 15 AR o B RS % B R R R T E R
GYHT, SR 43 BT B AR X W22 < 30% A i 43 Wi iaR4h R AF & B b sk Ak 24 PPN BESE ) ( DZ/T 0295—
2016) " ER Kl R AT AR
1.3 HIEE S E IS Y KB

TEPE AR S AR B0 2 i Hakanson 84 19, 2220 HF EHEMUTERY) T 5 4R 1975 Y 2R 25 KU T
M, 207 o s TR h S AR TS ) B i AR RO MO AR RIS SR T — R, AN
AT A i - 39 s AR v e S e AR T LS il T R A A S KU AR )z T
3 R OB TS Y KPP H A SR

_ S
El = TL X — l
r r Cl" ( )
Rl =3 E (2)

AP REFR R P B SR A SR E, e ERR @ A SRS R8GO BEh RS
J& i WSEINE ; C, KR E &R | S B E, A SCUAC PR B A T b 398 35 e XU 48 45 s 4 (1k
1)) (GB 15618—2018) " 45t Y KUK i e (A S %A, T REAJE « SRS, E4JE Cd Hg Pb,
As K Cr BY5EPE R E )0 30,40 5,10 1 2. Hakanson $2 H #Y RI 43 bpEJ& 3 F As Cd . Cr Cu . Hg,
Pb Zn FIZ AR EEME R LD AN (133) THRS 20, RI MR —HBRE R 150,  FAMR HHEET
5 RhvE 4, FI, XF RI 20 e BRAE#EAT 79857 .Cd He . PbAs M Cr UEEIE R ECE AN 87, A RI
X 7 AR5 — R BRAE A 9812, BUEE Sy 100 AN 7 T A1 A 25 XU 16 BU0 b e L 3% 2.
1.4 g SR XU PEA

A HH 38 e 1) B 4 T LA o0 22 b B 8 iR AR AR A DT 5 RS A ft B XU | f5 32 2 11y - 458
VEYI-E Y 2 58 AN 5T It 5 2% 96 E AR B 4 1 00 7 4 39 - S W A AR | B 9 DX 1 Al B0 K
B, RS0 XU 8 118 As .Cd \Hg \Pb Cr 55 5 i 4@ i H AR PRAY , 8 E R ECER  ITREA
EEw/ (T S
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Table 2 Classification criteria for the potential ecological risk index of heavy metals
B A XU S5 RI A 25 R 55 4%
! Ecological risk level Ecological risk level
Ei<40 i RI<100 B
40<E'<80 Fh4 100=RI<200 h &g
80<E' <160 it 200<RI<400 [
160<E <320 AR5 RI=400 AR5
Ei =320 e
C..¥XIR_ XEFxXED
ADD = crop (3)
BWXAT
HO = ADD 4
) (4)
HI = ) HQ, (5)
i=1

P, ADD Fon P R A H A, A0 mg-d '€, FRARKRERICR B E i, B Amg kg
IR, /K8 H BT FE & AR (PR AE 45 5 I 0.15 kg d ™' EF Ron B4 @I F AR, 1365 d-a™';
ED JRFZAERR ARYE P E SRS B 76.5 a; BW AR CEY AT | RIS I A 45 5 B 62 kg AT
YR EERT ] HQ S8 K5 4 RID 2% il i, Cd  Hg . Pb  Asfll Cr IS5 5 54351 13107
3%107* 3.5%x107° 3x107* 3x107° mg-kg -d™'""'; HI Jy A 4B B BOXUS TE 5. 45 HI<1, RIS IX
TR S R R B WL T S %00, i X K N s 208 AT, 25 HI> 1, WA T XA %4

PR A AR, . HI MG 206 (] RE M sl 202t
1.5 Bdaabe

B ] Excel 2010, SPSS 25.0 52 1%, 217 22 BB B AT AL GS™ 9.0 S8 A, &R 2 i A

ArcGIS 10.2 ,SPSS 25.0 Excel 2010 2 Gorel DRAW X8 5% .

2 R 51718 (Results ands Discussion)

2.1 HHEE A A R R

G DCORAR Y 321 4122 -3 E 8 35 10 S pHL, 8 T 3CHR [ 16 ) 45 H A 36775 e XURS: i 6

EZETT - Hehs 5L, 45 RIS 3.

®3 LEHEESESE K pH
Table 3 Soil heavy metal content and soil pH

4 /)N o 4] AR B Z 8 B
(mgkg™") (mg-kg™") (mgkg™) variation/ (mg+kg ")
Cd 0.09 11.44 0.45 1.52 48.91
Hg 0.01 31.66 0.32 5.79 4.36
Pb 20.01 3629.44 51.31 3.92 0.93
As 1.29 142.71 13.04 0.95 0.86
Cr 31.79 149.21 75.27 0.17 0
pH 4.42 8.37 6.26 0.18 —

+3Eh Cd Hg Pb As & Cr fEE & E3 90 0.45 0,32 .51.31,13.04 75.27 mg-kg ™", #BFRr 551
9 48.91% 4.36% ,0.93% ,0.86% F1 0,75 57 Z 51518 1.52.5.79,3.92.,0.95 F1 0.17. 7] LA H 58 X+
HE Cd W AR AR B, RS2 Hg \Pb #l As. 13 Cd \Hg \Pb J& As BYZE 5 R B4, U B H & e 7E 23 (1)
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A AT 8 pH B S A TE R 4.42—8.37, Rk 5 ey 81.31%, Bt % 5 T
18.69% , T3 VLR iR .

X4 R S R TIEAS ARG 45 R W 4, JFIA IR AT & IE S0 A EIE, 22 A SR80S
o5, FARTF A IERAAE " R GST 9.0 B HEF T2 07 22 R B i, 25 R 3% 5. £3% Cd \Hg .Pb As &
Cr B4 2K 90 0.510,0.536 ,0.469 ,0.184 K 0.429 , 1560 +3% As T2 2 B 45 F PE N 25 m | 3%
Cd Hg Pb & Cr 32 N 45461 N R ALY 2 A L R > +3% Cd \Hg . Pb . As & Cr AYZS 24330 0
7.50.5.80 .4.64 .5.35 14.34 km , #81 1% 70 BB 0 2= i) (5 AR SE PR 21

R4 KZHERGRESRIESOARYE

Table 4 Normal distribution test of heavy metal content in surface soil

- JFAREAE Raw data 1 #8518 Natural logarithm
AR % BE =g % B

Flement Skzﬂ—jvrniss Kitliis K-S(P) Sk{fviss K[fjliis K-S(P)

Cd 13.30 210.43 0.00 0.87 3.28 0.09

Hg 15.44 258.16 0.00 1.75 5.39 0.05

Pb 17.78 317.65 0.00 0.58 1.75 0.11

As 4.90 41.45 0.00 0.31 1.58 0.20

Cr 0.21 4.81 0.00 0.12 1.39 0.10

x5 KRB IEES RN T2 BB ISR
Table 5  Analysis results of semi—variance function of heavy metals in surface soil

JLHR PRI A AY Pedfl HAHE PG EE AR/ hE BB B
Element  Functional model (Cy) (Cy+C) [ CeZ(Cy+C) ] km (R®) (RSS)
Cd EiEp 0.195 0.382 0.510 7.50 0.965 0.017
Hg TR R 0.443 0.827 0.536 5.80 0.974 0.029
Pb BRI REL 0.083 0.176 0.469 4.64 0.842 0.089
As BRAS PR SR 0.111 0.603 0.184 5.35 0.977 0.008
Cr TERR R 0.018 0.042 0.429 14.34 0.938 0.028

2.2 LEEL RN

FIF 1.3 25 8 0 A 53 X A 1815 e XU A 7 974, T4 SR L3 6.8 58 IX + e 42 )8 Cd Al
Hg AYTEAE 2l 25 XU 2 B0k 25 vt L2391 4 9.06—1144.01 F1 0.67—2110.67 , -3 {E 43 51 A 45.07 Al
21.06 , X s Az 25 KU B TR 43 )N 59.99% F1 28.7% , /& B MT5 YL N 7, HA T 4 )8 1975 YL sk R &%
AR VA A 25 IKURG: $5 B A8 A T FEL Ay 15.39—3418.82 , SF-2{E y 75.26. 3 4 )& Cd Fl Hg AU AE A 25
JRUR: 22 B0 R iR A A 2 XU HE B 20 S 0 DL IR 10T ARt IR DX B AR5 e IXURS 35 /0N, T2 B AR TS e
SR Cd MR, AR A A5 R ARG ) FL B 2 1A 30.8% Fl 8.1% , L Ah , W 5% X AT BEAF 76 s R 1) Cd K
Hg AYAR SR AR 580 A 75 Y S A

R 6 BTSN ES
Table 6 Evaluation results of potential ecological risks

WEAEAE S (B )

P N o [R5 H
2 Potential ecological risk factor AR RS KRR (RT)
Parameter Potential Ecological Risk Index

Cd Hg Pb As Cr
TN 1144.01 2110.67 106.75 57.08 1.99 3418.82
R/ME 9.06 0.67 0.62 0.52 0.32 15.39
S 45.07 21.60 2.42 5.22 0.96 75.26

TR 59.91 28.69 3.20 6.93 1.27 100




1132 B2 53 1k 2 40 &

Pl 2 A5 DXV AE AR A AR FE K1 25 () A3 A 1 . AT LAt BIFSR X R AL B A AEAR B i) T3 T 42
T9 RS, BT X PG 780 B i AR A7 A — i TR 114 2 — R S5 R A 175 e IR

100

N
29°1330"'NE A

80
29°12'30"N -
60
29°10'30"N

Proportion/%

29°9'30"N

4] Legend
R >400 Very strong
200<RI<400 Strong
100<RI<200 Medium

20
29°7'30"N~

0 2 090909 0309 012525 EERI<100 Slight
g ; : , , ,
Very strong Extremely 108°46'30"E  108°49'30"E 108°52'30"E
B b R e A A KR AR B2 RS DR AR 25 R 16 B 2 a) A1
Fig.1 Potential ecological risk levels of heavy Fig.2 Spatial distribution of potential ecological
metals in soil risk index in the study area

2.3 JKFEE 4R A AR YA R

GETTHIRSE X R AR 30 PRKRERE S 3 42 8 1 3 o, MR (B R & B Al B rhs e R )
(GB 2762—2017) " 45 I I AAED 5 e R BRE, BE T T IR bR R (2 7) 45 R BR , BF9E XK
AR Cd A As BBIAR 535 8.8% 1 1.6% , AN T 4 AR AR LA

KT KEPESRERTE (mg kg )

Table 7 The content of heavy metals in rice

Hihr M ROk e S FH /%
Index Min Max Mean Coefficient of variation Over-standard rate
Cd 0.003 0.62 0.09 1.84 8.8
Hg 0.001 0.02 0.005 1.21 0
Pb 0.01 0.07 0.04 0.30 0
As 0.01 0.19 0.08 0.50 1.6
Cr 0.04 0.14 0.08 0.21 0

FIH SPSS HhZ AR FE K G Cd S As WAEA RUE B (R 28, 7 KA Cd I As ity
AR IR SR R BBy B A h e R B & w AR AR & f - b 8 b5 i I 45
SAER Az R SPSS £ 7t [n1H 43 B HL 0425 e A T4 A% 101 U3 20 A, BV = 9800 3048 A i A~ 7 2
i EE R (R R R e A B0 5 FE S5 5 036 8. FT LAE Y BFSE IX KRS Cd & 823 4 ad
B fr i 38 pH AP i 3 Mn S BRI KR As 2 8 3 As &8 K A PR
Al

F8 KA Cd WA Iy AR
Table 8 Rice Cd absorption regression equation
[A1 )97 72 Regression equation R?

Sig.
1gCd,;.. =2.2081gCd,; —0.145pH_; —1.5311gCorg,_; — 1.5181gMn_ ; +4.844 0.568 0.000
lgAs ;.. = 1.146lgAs_;,—0.1631gCorg, ; —1.420 0.465 0.000

2.4 NAAAERR XS PEA

FIAZR(3) (20(4) Kl (5) PEATIF T DX ot B B A A AR B XU A , TR 45 2R LB 3.0 581X
N A B S XU 48 B A2 A Rl Ry 0.18—2.53 - 34ME R 0.98 B K T 1 1Y LLI R 44.8% , Ui A IX 3l
T EE WA A ) R R IR AR AT AR — 2 AR B A A XU, A STRR TR As FI Cd.



4 1] RBUEEE X gk M 4 4 1 4 V5 Gl KU A 1133

3.0

N
(o))

N
=)

=)

Human health risk index
wn

o
[

-
b,

As cd Cr Hg %‘
HQ

3 NARAE BRI 2

Fig.3 Human health risk assessment results
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HI

FIH SPSS 25.0 b3t #2)2 T 4 )8 &/ E T KMO #6456 , 15 2 4e i+ 0.673 , Bartlett 3R
G I HIFEHER N 0.000 , BERA SR IE A AT o087 oA (45 51 0L 3% 9% Kaiser BRifEAL S Y
F AT Varimax 1E3CHERs , 1580 T 3 MFAEE AT 1 A ES, Bil )y EZTERN 82.26% , nl it e 1 1%
ELEITRMNIIAE B — T (F1) B m W E SR TR N As Cd K Cr, 5 TR (F2)
i B H 4 JB TR i He F1 Pb 25 = FE 0 (F3) B 3= B JCER M As . Cd I Ph. i T3 G @ & i
2RI AR AT 25 R T A, 358 As B2 3Z B LA MR R (45 i A & B, 9 IX R 2 R 2 Ry
FER R HZ AU R 3, MR A E R L i e, & il e o 4 S A AR 0 R S —
B53 T A2 B B BB A LA AR X oA A © R S R MR ([ 5) ik i sl 25 5 ke 1- 4
4B A H AT R R T R T B2 Ik Sh AR R R T AR UORBE s AL T B R,
Al i Bt 5 -3 3 i IR R 22— WS R, KI5 B FE AL, &8t g
Cu.Zn.Cd As & Pb S5 4@ e R MFL R I 28 = 32 o T 8 32 204 76 3 (14 5 i

RO LIEEEE R AR

Table 9 Mairix-analysis matrix of soil heavy metals

JEZ Elements Fl F2 F3
As 0.877 0.003 0.437
Cd 0.751 0.262 0.339
Cr 0.622 0.231 0.002
Hg 0.201 0.851 0.048
Ph 0.356 0.569 0.440
Y GEER (N 2.071 1.720 1.027
5 ZETTHREE % 35.35 29.37 17.54

VR 2 TR 4 SEATXRT L& B0, 0 IX 3 4 T e 1 e XU XA S A AR & il 3 2R
M AR X BV R X S M - AT T A B TS Y U PR, 45 W, TR I ik
BE, M e 4 R R AL TG YR PNE U X R s AR T X T A TR A T A A KU PR A
BB X AHED Cu K Ni S5 48 B T B A & 4R, HIETs YL IX B A 2R R MR I,
AV 3% B 6] 8 Bl 385 T — @ R BE B T5 e, R, W X 398 75 e XU B R 3% 3h 5 R 1.

W98 X KRG E 5 Y7o Cd A As, AR & 8 RAFEBAR LS, BRI N, £3E Cr Ph #
He WAL, 7 L HE-RIEM R TP BB R 155, AN G it A B WEETD T Cd 76 13 ig shitk i, 5
A AT | T KRS T R AR SRR AR ST =4 As Bom AW BE 77, oK Fth £ 7 B A i
) As KRR Cd B9S2 3 4 pH | e P i R B Mo SRR R, 3RO ZE R pH
AT, CA™ EBLLE R A S 0 H R R A, Se g Cd™ AE SRR AT A R B, A Cd* BT
SR BEE pH TR, Cd™ 5 5 R3PS0 BRIRER PRI $h & A= 2% & BS & FDLVE O, fiff
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1% Cd AR BERRAR Y 5T X R LU R M 2 3t 2 i R AR Cd R AT 1 32 225 DAL e A
BEH % pH BYTH R, A USRI SR A AL B < A B A B SR B A PILR -
BERAEY AR T AR R AR T A U R UL B B T 2 W R 1 L
T 43 R B A L D B PR B BRI T  x SR

/ 7 A
[Z2h)

~ Y
ERIOLED

b R
Mercury

O EREEET

Lead-zinc mine

4 WHEIXH S A

Fig.4 Distribution of mine sites in the study area

PSS DX 1 B ) B B B B R AR A7 A — i TR B A e B XIS, 5 e el e P R ARE 3 5. Dy 1 il
3 o J T o B W B X A A S 3 R KU, T S SO A, ARERIE Y IX b R K R A R A
PEAT 3 DEAE HL 08 B < 9 24 g RS X B P A 7 45 R I R g — 7 T, Al vl AR 30 T B 058 pHL, sl A
TR Y VR R R | AR 4 T S AR E 2 A AT P AR e T 4 R
FrRARE, VR A G I R ), B a0 oK R TR 0T T w7 EE b 14 DX, T A
LA FA A5 | BEL Lk 7 4 1) ) P AT RS WA A v e 1 AU T AR R S 4 R T LA
HE RAEY) RNNRI EES Y FAEAE— 22 5, 05 Li 555 (i oe 45 0 — 20, Ui 7E 3R T X 4
JET5 YRR I, WS b SE-A AW - AR BEAT RGBTV | R4 2% A0 5 04 S B XRS5 DL #EAT < 73 2R B
PUIK SIS B w5 g “ 7 1 H Y.

3 %5 ( Conclusion)

(1) BFzE X t-3rh Cd Fil Hg BI77AE— EFLE B4R , HFRR 09N 48.91% F1 4.36%. 13 As .Cd K
Cr Al 852 2]l 4 BEFT 52 i, 3 He A1 Pb v 6852 28L& S 052, A, 40l 1 20 25 i a4 48
As .Cd Fl Pb 258 4 JRRYHIA .

(2) eI A SRS /N, FZE LU RTE e 3 Hor Cd R Hg % S AR 25 XU 9 5 ik 238 3 51
H 59.9% 1 28.7% , & FEEERT5 Y R . B TRA 4505 8l , [l A 9% IXAAAE SR Cd S Hg AR 5R-HR 5 Y
15 YL i

(3) WFFE XK ABARE S, Cd F1 As YRR N 8.8% Fl 1.6% , KA B IRAFIEEIA L. B4R
B A A R 2 ) b 4 R B A 8 pH | RS PUT A R HE Mo AR R R AR,
WF5E X - AP R 33X AT B /KRR 4 JE B AR 1 LR 2 —.

(4) BFFE XN AR 5 S XUBS AR BB R T 1 B LB 44.8% , Ui BRAF 5T Xl 1 & M) A I B 87 IR 147
16— E PR AR XU, A STk R 7 As F1 Cd. ] AR I 4 Jm 75 e e H IR AE M- AR R G2 i)
ANTEE A AT IS Y A B Jr IR B, LAIA 3 b 22 4R I Y H .
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