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CHENG Xiao-menig' SUN Bin-bin'** | WO Chaol o il Llng ' , ZENG Dao-ming' -/ ZHA‘O Chen" 2%
(1 Anstitute of Geophysical & Ceochemlcal Exploration), Ch}nese Acaden‘[é of Geological Sciences, Langfang 065000 Chlna 2. UNESCO International Center on Global- Scale
GeO(hﬁmlstry, Langfang 06'5000 Chma 3. College ofl Earth Smencea Guﬂm Um\rerblty of Technology, Guilin 541006 China)

Abstract In order to/dscertain the impact of pyrite miningn the surroundmg farm}'dnd soil environment and human health, 42 surface soil samples ( from 0-20 cm) were
collected around the pyrite-mining area in Longyou county. In this study, the concentrations of eight heavy metals ( As, Cd, Cr, Cu, Hg, Ni, Pb, and Zn) and the pH in the
topsoil weré analyzed, and the concentration characteristics of heavy metals, source analysis, and human health risks assessment were studied using statistical analysis (SA),
positive matrix factorization (PMF), and the health risk model. The average of @(Cd), @(Cu), w(Pb), and @(Zn) concentrations
exceeded the background values of soils in Zhejiang province and China. According to the agricultural land pollution risk screening values (GB 15618-2018), Cd, Cu, Pb,
and Zn were up to 82% , 49% , 42% , and 31%, respectively. The I, shows that the major pollutant element in the soils was Cd, followed by Cu, Pb, and Zn. The PMF

analysis indicates that nature sources (As, Cr, and Ni), comprehensive pollution sources caused by high geological background and mining of ore-forming geological bodies

geo-accumulation index (1, ),

(Cd, Cu, Pb, and Zn), and anthropogenic sources (Hg) were the three major sources of heavy metals in the study area, with contributions of 32% , 46% , and 22% ,
respectively. The results of the health risk assessment indicate that the major non-carcinogenic factor triggering risks was the ingestion of Pb; Cr exposure had carcinogenic risk
for adults, and Cr and As exposure had carcinogenic risk for children.

Key words: pyrite mining area; farmland soils; heavy metals; positive matrix factorization (PMF) ; health risks
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Fig. 1 Map of geology and soil sampling sites
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F Ak S50 U THI 4. 4 HIGTHI) <0 i, 1A%

LT G RUIR BEAE, 7T 1L 22 W5 50T (THE) > 1

R M AEE T SR (R, P (iR, R A f

M SR

] RE PR | AR T \
“ HQ = ADI/RID (8)
HI = > HQ, 9)
A, RID WERIRICHE i 45 ) FORERRTE TS

it T HATRA % 0w EH ] 8 Tl
F RS G Wl , USEPA 42 i 4B A S %5 1
R A fih 2 2 00 s ik PR A RnTR
RID,,s = RfD, x ABS,, (10)
Ko RID o R R S5 & (H; RID, WA
B FEAH; ABS, 9 B WA T
1.5.3 U XU EAS
B KU 238 S TR — A T B R T AR R
SE 00 T IR AR R ) 388 T ARE RO A SR Y. PR 4
JRICER B EUE XS CR R AE, R R85 T 2 ha
S A AR TR R 275 KIEIER
AU Z F(TCR) FRAE, AT
CR = ADI x SF (11)
TCR = > CR, (12)
X, SF NBUEANREF. CR(TCR) =1 x 1075
IRAFAE R BUE KR ; CR(TCR) <1 x10 °ff, FR
JC A 58 350 KU | AN 23X ft i i L B 25 52 5 AT

o

7300 et

X107 ~ 1 X 10 2 FR T A7 1E S0 R 13
R MR | o P4
55 RIDL e VRS 72 2500, AR 4% USEPA (5

e AR (13) 745 SF s
" SE,,. =ISF, x ABS,, (18)

S SF o b B B B A4 R I T 5 SF, AR

-

SO AL N T T 4 JE e F W R ] R R AR Y

RfD F1 SF W% 2.

2 #ER5iTie

2.1 WX SR A R

Tl BT IX AR FH 3 pH ARk X 8] A 4. 32
~7.01, i H R 5. 07, FRPE (4.5 < pH <5.5) Fl5s
MeE (5.5 <pH <6.5) TIEFE S 5 5o 88% Fil
10% WPk H IR E B 04, SR iR 58 IX @ Pk + 4.
4 [E (7. 88) KHIIT.(5. 72) )2 +HE pH PO AH
L BIFSY X 438 5 B B R AL R — Al 3 pH
(ELRBAROGT 344 o 2 4 I 5 70 2200 1 A A T W s
Sl B EEMAERD T 0 29 R
ST SR 1 PRI ) R A5 1 — 2B R T

ARG (K-S) K, o X A A= v 8 F
HERTR T BTG IESS 0, CRHTRE & i
AR BHEE N Gt S8, St 25 SR n 3k 3
R AHEER 0(As), 0 (Cd), o(Cr),
o(Cu) . w(Hg) ., @(Ni) . w(Pb) il w(Zn) ZEALIE
FRlBE AR, 5 H 5 5 (5.98 +3.86) . (0.53 +
0.28). (99 £53), (56 £30) . (0.18 £0.13) .
(33.3+19.0), (73 +25) F (175 £56) mg-kg .
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Table 2 Reference dose (RfD) and cancer slope factor (SF) of heavy metals through different pathways

JLE

%@ (RMD) mz'/mg-(kg'd) -1

BHRIE T (SF) 0/ (kged) -mg !

- '_‘...

ABSg, A B IR fih A Bk fik
As 1 3. 00F - 04 3.00E - 04 1.51E +01 1. 50E +00
cd 0.025 1. 00E - 03 2.50E - 05 6. 30E +00 —
Cr 0.013 1. 50E +00 1.95E -02 4.20E +01 —
Cu 1 4. 00E - 02 4.00E -02 — —
Hg 0.07 3. 00F - 04 2. 10E -05 — —
Ni 0. 04 2. 00E - 02 8. 00E - 04 8. 40E - 01 —
Ph 1 1. 40E - 04[%] 1. 40E - 04 — —
Zn 1 3. 00E - 01 3. 00E -01 — —
®3 MRARIESSEMBMERITER(n=42)
Table 3  Descriptive statistics of heavy metals in soils of the study area (n=42)
il - Smgke | et
As Cd Cr Cu Hg Ni Pb Zn s
N 17.52 1.47 20547 149 0.63 | 75.1 142 20 oot
/M 1.62 0.15 20 16 0.05 76.3 | 35 03 (" #4a3) |
SF3{l 5.98 0.53 199 56 0.18 33.37 0 113 175 | seled”
HAE 4.42 0.44 | 104 #7448 0.14 | . 346 69 168 5407
RS 3.86 olosf /) / BT 30 0.13 LY sy . 2 56 0.420 .
e 131 A N B s3) YN/ P - 4 m st | ® % 32 el T
R /% T 0 87 T 2V = 4 7 9 g 42 31 -
W R e g 9.2 0lo7 I sa9f 176 0.086 ,""“24. eal b 70.6 5. 724
KR R TR 11 /097 | ‘61"I ‘ 23 0.065 . 270 26 74 7,884

FHEFF o (CD) | (Cu) , @(Pb) Fil w(Zn) 5353
JEWTRZ R 7.6, 3.2, 3.1 F12.5 15, Jh
HKETHERS.5.2.4 2.8 2.4 %, BaRiFRX N
MY TR T R IXL SRR i A A M -
ey e KU A 4 bR i (3017 ) ) (GB 15618-2018) 1
FAE 11975 G XU O B A AH L, B As TR Z AN, HoAth &
&R ITCE A — 15 Y KU, Horh Cd 5 e KL
Wr e 1=, R A T e IR 97 3 L %) o B35 82%
Cu, Pb il Zn IR Z, 535 R 49%., 42% F1 31% ; Cr
(22% ) . Hg(7% ) Fll Ni(9% ) M3zt 5 2 XU 5 16 1
FRRE i B

DI R)Z TR S E A S E, R XK
P 4 9 o < M RAREH (1, ) Geit &R ansk 4 fr
N, B 4 R L SR AR BT BE KN BUF AR R« Cd
(2.10) >Pb(0.96) > Cu(0.90) >Zn(0.66) > Hg
(0.14) >Cr(0.04) >Ni( —=0.46) > As( - 1.47).
TR 4R 15 YL SOk, Cd TR Y5 YL 3 F R Y5 gL K
(2 ~4 9) WRES di 97, 6% 5 45 KEB4Y Cu, Pb
N Zn BES LATCIS Y B TS YooK (1 ~2 S
F LA 11.9% 1) Cu B3 i 2 5 5 YLK He

IS U 4 2 e B 1 DS

(5 YK N O ~ 3 3854 43 A, P Jo s Yo S8 4% oy
[ 42.9% , L5 Qe 8l s gL (1 ~2 9) 5 Ik
52.4% ; Cr Fl Ni 4394 38. 1% M1 57. 1% BIEES N
0 2%, 50% F1 38. 1% BIFEA A 1 9, 15 Y e B A0 X
B As ISR BE AR, 92. 9% MRS Ab T 575
YK F LA O B X A S YRR A K JE: Cd,
HKN Cu, Pb F Zn. 542 J& o0 K b R A £2s [A]
AYATHNE 2 s, Cd. Cu. Pb Fl Zn v 3 & 5
YLbE i B EOK R0 A, 558 X N B 43 A
R A — 35, Hoh 52 L X A R 5 e B i
X AT REF AW PRIF R 561 ol LA K Z2 i A1 o ] 2 2
AR A e A T R M RS ek TS
YuRE i A T LU X AR AR - A A X, AT R A
A DX A ) S A T 4 b T R T SRR
2.2 WX ISR T

42 8 TR RIAH DG BT e S 2 75 HLAT [+]
T I ok R AR A B E R R 5 WA,
As-Cr. As-Ni Fl Ni-Cr Wi Z [A] 2 2 35 IEAHC (P <
0.01) , FHE R 5053514 0. 445 . 0. 488 F10.914, It
AT HEEA FFEBRIE. MgO | Na, O 1 K,0 &%+
i PR A KA B E B S R AR TR
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Table 4  Class distribution of geo-accumulation index for heavy metals in the study area

VSRR A AR H %

FHE 0% 1% 34 4% 549 6 4
As -1.47 92.9 7.1 0.0 0.0 0.0 0.0
cd 2.10 0.0 2.4 47.6 42.9 7.1 0.0 0.0
Cr 0. 04 38.1 50.0 11.9 0.0 0.0 0.0 0.0
Cu 0.90 7.1 45.2 35.7 11.9 0.0 0.0 0.0
Hg 0.14 42.9 40.5 11.9 4.8 0.0 0.0 0.0
Ni -0.46 57.1 38. 1 0.0 0.0 0.0 0.0
Ph 0.96 2.4 50.0 47.6 0.0 0.0 0.0 0.0
Zn 0. 66 4.8 76.2 19.0 0.0 0.0 0.0 0.0

Tgeo 2 O G
3 @ IR TE S
a4 @ TR

0%k - i
Ve i e i e

[AA] /v et BT
(=] sk &ema i

B2 HRRIFESETRMRREHNZTESH

Fig. 2 Spatial distribution of geo-accumulation index for heavy metal in the study area

Mo 5 H BA KA. As 5 Na,0 fil
K, 0% W& fASE, Cr A1 Ni 5 MgO & W F IEAE
55 Na,0 F1 K,0 2 ARG, il T 0. 01 KFE:
55 ,3RW As, Cr F1 Ni 28 HERKIE. Cd, Cu, Pb
N Zn Z [0 BA 1 2 E A SCE , — Mol X 4 FhEE
&R 22 0] BT AR DG B 52 AR I B R e L TR
if,Cd 5 Cr #INi, Cu 5 MgO. Zn 5 Ni Fl MgO =
A BRI A O R 7R Cd | Cu Ml Zn BR T 32
N Bl A n] ReAE— R B L3z 3] [ SRk TR
=il Heg 5 Pb Fl Zn Z [A] 258 AH G, 5 HAh T R
Z AR SR 55, 2 IH He T g B2 A NG 3

RN,

R T I ER RS A A 5 8 Fh R 4 1Y
SR A SCHE— 2 PMF B %) - 458 vh i 4 I ok
WA 08T As, Cr, Cd, Cu, Hg, Ni, Pb Fll Zn
FIMEMEEL (S/N) 435I B R . 55 98 3R R 5 5
SR AR, PMF BEUEI2 1T 20 WG 58 R+ e, B
L 3 N R BERAR Q 1 (2012.8) , ITH4E
FRTHE. PMF K7 39 b 4% 5 4 R 9 A 0 52
BRI 3 (a) FIR.

N1 LL As, Cr Fil Ni 988 i K, HiBTmkR
31K 65. 2% 82. 6% F1 81. 3% . IR AT 41,
WX T As (1973 & AR T L 5 5
fH,Cr A1 Ni B9-F-3 & 550000 8 75 S E Y 1. 8 {5 A1
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R SR U R v | Koo 1 (DR

FEHFRAESE Cr A1 Ni RZRE T AR #hEFE
LD BURIFSEIN A As Fl Cr 58052 TS SH4a ). I
Ah BT 1 X 8 ME AR TR A —E M BTk
Bl R 22. 4% ~ 82. 6% , HHEWT A+ 1 103 F 2R R
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Table 5 Correlation coefficient of heavy metal elements in soil

As Cd Cr Cu Hg Ni Pb Zn
As 1
cd 0.241 I
Cr 0445 0.389 1
Cu 0.139 0. 584 0.114 1
Hg 0.123 0.244 0.126 0.189 I
Ni 0.488 0.413% 0.914 0.189 0.111 1
Ph ~0.056 0.602 0.101 0.482* 0.485 0.144 1
7n 0.057 0.764 0.277 0.594 0.419 0.339 0.832% 1
s -0.153 0.513 0.188 0.283 0.383 0.176 0.473% 0.478 *
MgO ~0.198 0.157 0.387 0.313° 0.000 0. 446 0.091 0.316°
Na, 0 ~0.573"  -0.140 ~0.652 0.120 0.054 ~0.594 0.048 003
K,0 ~0.629" 0186 ~0.683 -0.242 —0.023 . —0.625" 0.048 4D ):%
1) * #/) P<0.05, ™ 5 P <0.01 g | ot | \ """-'“J')/"f =
j L 1 i ‘I ' F
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Fig. 3 Factor profiles of heavy metals sources identified by PMF

HF2 FEAHE Cd, Cu, Pb fil Zn, HFTHR S
WK 51.2%. 35.0%. 50. 8% F147. 1% , W %15 T
T 1 RSk R. HF5E X L3P Cd, Cu, Pb # Zn
SRR EE S, MR E D RS XL, R
R R 4 TR AT X R R R XA 4k R
P Wi — 25 B T 1 o8 A SRR IR, Bk 25
XN FEEWNH A, RN N
W, T Cd, Cu, Pb Fl Zn H A LAY HUER 1k 24P
J5T, RHAE A 3o A v — A A W 0 i AR G R
Cd, Pb, Zn 55 S Z ] i &} 2 AH S M th itk — 25 Ui 1
Cd, Cu, Pb fl Zn Al GBS T 41 0 40 () 43 it 4i 0%
R RDY BOF X BRE 25 LR, (HE M
BB HA A T KM R LT, pH {H7E 2 ~3 2
i) 5 ¥ A0SR & 3, 450 X FRLATY A 2 5 i
A TR, T RTK S R st a. T
R PR 7K B HE I b % 52 0 0 I A = R 2 T

IR T BE R S 2 A2 i iE A LT 3 i 5% X
+3E Cd FHEE B TR IMNERA & H R L. 27
TR R 2 W] DA R R B A S b T R S R AR
W RAARTF R GRS ATT YL, Sl B (5%
WAESZ,Cd, Cu, Pb Fl Zn X 4 Fhoc & 16 R LT
it SRR AT 2 ARG 24 LIl
T 31 A b DX 2 DT R A AR E S il [ 2Rk
PR N A R B e s o 995 e iy F2 B RN
Hg 7EKF 3 1 i A 4 AL AT, stk 3
77.1% ,Cu(31.5% ) . Pb(26.8% ) Fl Zn (24.1%)
WA —E M TTEREE. S F— TR AR FEa
FHS ) 2 A7 B, AT I R i o0 2R H A 200 LA 19 ok
P Hg BT MR ARG CE, BB FF 425 Cu
1 Zn #RECEHENT BT LA Hg A AT fETE A X 250 %
W Y. e He RSB0 , H 208
i KA ER 15 YL Py ) T TR AR TR 0% 21 1 35
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YT 1 b He B STRRCRAUN 28. 8% , 3%
B A 2 H SR R V. SOk 9% 6B, 4Bk He HE
T 924 60% ~ 80% 1T g Je:52 N Wi shig > 1
AL AREMR P AN 4 JE R M 1 i He 76 3 4R
ik FEN R . Heg 5 S Z @R, +
e He B2V RS0 1 R o= A K
KA AR VTR B ). B2 % 7 BH B X R
+HEE S BT R I, 5 He EEZHIRIFREN
G SR PEAN L IR B T R R R
B4, M Cu, Pb F Zn 38 F I\ K 5 58 15 Y M
S8R Cu i Zn AR IR INFIE FHAE S AR A
ARG Py EEORIFETIRERAHO . St
[FEF, He 5 Pb F1 Zn Z [8] 1 AH O R £ 45351 0 0. 485
F10.419, 5 BETFAE (P <0.01) , R HA HH[FE
P R, IR 3 AT AR A AR S

R4 FaRihie o XA 3 R 4 e ok R, B A
SRR 7 <52 b J5 5 5 55 B 3 o R TR 51
Y255 Y VR N SR T, 4% o oF 0 4 F 4 B o
4 R LA TTIRR AN BN 32% . 46% 1 02% [
3(b) ] /! N BTy
2. 3.-“"'11$ﬁ§j§'mﬁﬁi‘¥1ﬁ Y4

O

AR RIRAT f  t (6) (01T

f =
¥ -

%6 BESBRAREBAEFIERRFHEGT /e (ke-d)

SR, AR R TR AT R0 XS 45 A3 6 Firs.
JRNGE AR AR B8 H Ry Cd # P 7 &
4351k 7.32E - 08 mg-(kg-d) ™' #l 1.00E - 05
mg- (kg-d) ' ; AR B iR 42 T2 R H IR
Cd F1 Pb 7 & 4> 9 K 2. 92E =09 mg- (kg-d) ~" I
2.39E -06 mg- (kg-d) ~', #EA &AL A EE H R
Ll R R A il AR 1 B G, R Cd A
Pb M EEERER B T A Cu F1 Ni 38 1 57 ik
Pl & 7 7 ¥ 4 H ) 4> B 1L83E - 05
mg- (kg-d) ' Fl 1. 65E - 05 mg- (kg-d) ", LI A&
P-4 H I Cu NG 5 1 N2, T B Ik
R AR S EUR Cu M1 N XU Y = B R R iR Ae. X
As, Cr 1 Zn TR F , 38 A FI R k42 fi 4 452 5 A AR
A IRAGR i, e 2 AR R RS B R AR
Ve JLEE ADL AT 878, Cd | Ph il Zn 248N 1842
TR R B B2 1 A0, As? Cul, Cr
Ni Fil Hg ) ADIABL 7 ] — Bt G L2, B X
FILIE, AR BRI Cd | Ph 28 R A
B, 17 As, Cu. Cr Nt Al Hy 7EHE A B flaA
A7) G S0 SRR AL X H B, T o
RFERA, LA 8 FE 4 i O B R TR
UNEEN vikad v RS 2

s -
Table 6 Average statistics of h}e'lzivy“mel§1ls i different exposure routes of nen-careinogenic risk/mg- (kg-d) - ‘
| ERRG x5 As Cdi Cr Cu ' Hg Ni Pb Zn
AD}" A N T8.20E-07 7.32E-08 1. 36']:3"1_05-"" 7.65E-06 2.45E-08 4.55E-06 1.00E-05  2.40E -05
Y JLE 8.6lE-06 7.69E-07 1.43E-04 8.03E-05 2.57E-07 4.78E-05 1.05E-04 2.52E-04
ADI ﬁﬂk A 9.81E-07 2.92E-09 2.17E-05 1.83E-05 4.88E-08 1.65E-05 2.39E-06 1.92E -05
? JLE# 4.82E-06 1.43E-08 1.07E-04 9.00E-05 2.40E-07 8.12E-05 1.18E-05 9.42E -05
HO A A 2.73E-03 7.32E-05 9.07E-06 1.91E-04 8.16E-05 2.28E-04 7.14E-02 8.01E -05
AX
JLE# 2.87E-02 7.69E-04 9.53E-05 2.01E-03 8.57E-04 2.39E-03 7.50E-01 8.41E-04
HO ek A 3.27E-03 1.17E-04 1.11E-03 4.58E-04 2.33E-03 2.07E-02 1.71E-02  6.39E -05
JLE# 1.61E-02 5.74E-04 5.47E-03 2.25E-03 1.14E-02 1.02E-01 8.40E-02 3.14E-04
HI A 6.00E-03 1.90E-04 1.12E-03 6.49E-04 2.41E-03 2.09E-02 8.85E-02 1.44E-04
JLE# 4.48E-02 1.34E-03 5.57E-03 4.26E-03 1.23E-02 1.04E-01 8.34E -01 1. 15E -03
THI A 1.20E - 01
JLE 1.01E +00

XTRAFULE N 7, 8 FhvEE 42 8 24 A TR ik
2 i 1 XU B 45 (HQ ) P X E el /N RAR Y < Cr <
Cd <Zn <Hg <Cu <Ni<As <Pb fll Zn < Cd < Cu <
Cr < Hg < As < Pb < Ni, 8 J0 A HI (E 3K i
ERAE 1, R E SR TR A S A R EUE K
K. BIFE X THI SEXE K 1. 20E - 01, BoR A
ZAN R AN, JLEE TH S YERE R T 1, %
Wiz X ) L35 ] RE 2% i T HA VAR AR B0 KU )
BB 5 LEAT N FIA BRERIE A 56, LI U AR
IR R 45 e T AR O Al A SRR A AR

BT —E g R ARLE S, Pb 1Y HI
fB.5 THI {E /Y Ll 5 =, 23 3R 73. 8% il 82.5%
FU -4 Ph &5 | R IEBUR I Y R EEH R (S5
FIT, KN Ni(17.3% F110.5% ) F1 As(5.2%
4. 77% ). AL H, 7 50 R AN A B DX S8, As |
Ni A1 Pb ) HI {4 %15 THI {5 25. 8%, 3. 5% Al
54% ,FRWIZIX AT BEAFTE R As, Ni Al Pb 511
B0 KBS P Tong 261 AR 77 A9 10 ok kR
A R F HALE £ )8 T K, Pb 19 HI i K,
W 300 AR e e

o
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HRAE USEPA X1 8515 YL W11 4325 X As Cr,
Cd A1 Ni A BUREPRE 7, B AW 58 LAl X 4
FhEE 4 % 5% T AE ™ AR 0 2o KU 1 IX R L Ak
FH 398 v 5 4 i 20 AN [) a4 428 ) B T 300 XIS D, €]
4. G5 BIR As TE B R fild 42 R xRN B L EE
(R B0 XURS: Y AE P 452 52 35 LN . 4 i e 4 s X B
NZ 8% A 52 0 B0 AU (CR) B 2 (8 [ 78
4.61E -07 ~5.72E - 04, Hrf As, Cd #1 Ni &
AN Gt B A il B i R S S S W, Cr R R A7 A B
FOE K. B A AR L A9 S0 KU S 24 (8 i
R E IR N . Cd (4. 48E -06) < Ni(4.02E —05)
<As(1.30E -04) < Cr(4.00E -03). Hr As ¥

o KB (CR) 728 4k 3 B 7E 3.51E - 05 ~
3.84E - 04, F-2{H N 1. 30E — 04, A5 %43 &7 K
T 1 x 107 77— B0 Cr /Y EU&E XU
(CR) BT 1 x 10, @& TR ol 8252 K7, Ui
Z XA JLEE T REAFE 1 Cr 5| A 0 5008 AR . B
NN L B8 25 4 3098 AR (TCR) S 35918 43 51 A
5.88E —04 Fl14. 18E - 03, & WIWFFT X AE 78 th 2 F
4 o R B BUE RS Li &3 E 2 A5 X
P LB, LT A 0 X 254 S08 KRS 24 40 T
AR 32 KSRk, R 2 4
JE A 1L 118 50 XG5 e, PRI I 7 B i A X
] BEAFAE (4 B XU

- ‘ 1E-02 p— ” 1E-02 ¢
1E-04 E-"\S [ As ’_L‘ 1E-04 é—(:‘d“"“"“"“ E(I 1E-04 E Ni ;
F 1E-04 4 ? L 1E-03 WE‘ 3 1 NIk
i 5 - t?l ; [ AT
305 L ¥ 1E-05 £ =04 L 05 L 1] 220
P $ 1E-05 —? ot O E-03 f T 1 [ = ;I{I»ﬁrli ¥
- Z g i 1E-05 | K :
1E-06 1E-06 1E-06 E 1E-06 i
= - % 1E-06 | : .
E o L ma F T ma E oA L g | P ETTTRGR
1E-07 1E-07 1E-07 1E-07 -
AL WA L WA L WAL WAL WAL )
| EH4 rRAEBARZERRERE. Y4 A

PREH 5 B i A e
AL Cr (1 'ADI {42 Ni 9 ADT (L5 1 4Bt

9, A4/HI|ADI IS 2 ANKCREL | B G 9 ADT (8

d &

£ Ykt B PR A (CB) B3t

T P AT ADI R BT IX TR
SR Cdfik B b B TS U B T RE 95 0 0 R AR R 3k
97.6% HH Cd J& /8ot &, 4o X & & 8 8T
Cr. Ni F1 As, S 200CH: ) 20 208 XURS: A9 48 R A2 K.
Wang AT Liu 251 ik 58 t [F]RE RS, X5 Y
T TR K I 4R ICE AR — i 2 S B K
W6, A ELER T 5, As FIT Cr F8 JXURS: BE K.

3 i

(1) WF5E X FJZ 15 Cd, Cu, Pb 1 Zn AYFH
FrE Y TR 4 [ B S, BRI X
SR T 1 S XL AFSEIX Cd ., Cu, Pb Al Zn +
HERE B A b A 38 g RURS: Y B 1 43 51
82%. 49%. 42% F131% ,Cr. Hg I Ni HFRREAR,
As ANEbr. H BBURE(1,,) 16 R TF5E X+ 305 Yy
I & Cd, R ) R S KRR L
97.6% , XK} Cu, Pb il Zn. X X B LM E LR
BETGYe ARS8 5.

(2)PMF JEfEAT BN, bF5E X 4 38 5 4 Je R A
Ak 3 B As, Cr T Ni ZEIR 7 1 s i K, 5
KAt 3 YA oG, £ HARRIE; Cd, Cu, Pb

Fig. 4 Boxplbts of“‘carider risks for people around/mining=area J‘ A

o

1 Zn 1515 52 TR AR B 51.2%. 35,08
50. 8% Fll 476 1'% |, o 7 <5 J b 5 i 5 5% AT
RIF RN 205 75 Y 5 Hg EBZ 6V IFR S
PR o R 7 A K R P B8 2 TR BT o B
N R UL 3 of VB i 45 A TR % 4 S 3296,
46% F122% .

(3) At KB A 22 B, A Cd T Pb 1
FERFERGENEA, Cu Fl Ni 19 FERBE RGN
e A A, As | Cr A1 Zn 762 FhRERR A T BA %
FEE, WHLE S, EARREA B KM Cd, Pb
F1 Zn ZEE XS, T As, Cu, Cr, Ni fil Hg 7EHE AR
Mz Jok B g e v B T 4 Y R R KU B
42 B TE 2R HDL R AR 27 A A B0 KR, &
e 4 70 22 56 WA 1A 3 B KU BAIG , % JL 2 1Y
AR SO RS TS | Fovh H 58 Ph 25 R AR SR R 1Y
Cr B LB A7 AL B0 KR
SE k.
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