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Abstract: To evaluate the impact of mining activities on heavy metal pollution and health risks in the soil of
a mining area, this paper systematically studied a tin mining area with a relatively simple geological
background using the ground accumulation index method and Monte Carlo health risk assessment method.
The results showed that: (1) The average heavy metal content in the soil of the study area was ranked in
descending order: As>Zn>Pb>Cu>Ni>Cr>Cd>Hg. Only the average value of As exceeded the screening value
(GB 15618—2018), while the average values of the other seven heavy metal elements did not exceed the
standard; (2) Among them, the relatively high concentration areas of Cu, Pb, Zn, Cd, As, and Cr are located
near the mining area and altered (mineralized) granite; (3) The land accumulation index method reveals that
the pollution of As in the soil of the study area is relatively prominent, with higher levels of Pb and Cd
pollution, lower levels of Cu, Zn, and Ni pollution, and almost no pollution of Cr and Hg; (4) Correlation

analysis and principal component analysis indicate that the sources of heavy metal elements in soil mainly
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include natural sources and mining sources; (5) The health risk assessment results of Monte Carlo simulation

indicate that children are more susceptible to the effects of heavy metal exposure, with As and Ni posing a

higher risk of cancer for both children and adults; Sensitivity analysis further emphasizes the significant

impact of As and Ni on health risks in different populations. In summary, there are slight heavy metal

pollution and risk in a certain tin mining area, which are mainly controlled by the weathering of altered

granite, safe and controllable.

Key words: heavy metals; pollution; health risk assessment; mining area; Hunan

WA T = REEE, AasE 8. e
S A E FTA CF 025, 2024) . AIIE T 77T
K RIS ARG D RE SR RS TE, Colk
FE N A2 B9 12 i (Tehounwou et al., 2012;
RS, 20225 BT, 2022; ZE B B4 2023; YT
S5.2024) il X AP A (As) | FR
(Cd). #(Cr). i (Cu). 7K (Hg). B (Ni) . Hi(Pb)
FVEE(Zn) e R T el et | ARy B
I A N AR A PR N AR il B 3 R K 5
(Clarkson et al., 2003; Hughes et al., 2011; 5K 24,
2018; BRET I 5, 2023; W38 AF, 20245 7K %6 5 5
2024; XIFEHAE, 20245 XN HAE, 2024) o B IEAT L, XoF
W DX e T 4 43 A R AE B A XU i o 2 A
RN E L, HAr, X O A TR AL
SRR AL, = AT IXOR B Y 4 R T
54kt 5 DA 19 2R G ek TR (), 20195 VI3l 22,
2020; My TAEAE, 2022; Hi2 K AE, 2023) . ETF U,
ASCUAIRE S0 X ARG 42, 255 FIH
Hi BAFRE ., AHOCAE AT A0 32 B o3 o W i R B
G JERUE, TT R SR RIS AL PTA 8 4 J8 T
R LZE P At R XU, 5 T Sy S 485 118 A 1 00 R XL
BTG S

1 A5 DX AL

DX 3 e VAR 1510 m, DUZE40 B, 4RSI
= 40°C, | -7 °C, F 18~ 19 C, FF [ &=
1300 ~ 1400 mm; J& W HGH M5 . RS HL IXCR A
Ap 24, DI B B B2 AR B AR
Fo AR, XL ZE AR AL, B Tk Ak
T, Bk 28 B Tlk 28 B i L Atk A G A
o9t

X2 FE R AKRR, BRNAER, &
PLLA A AR KA S R, Hk s
VA RS o KA, I s R E,
by Ab 255 B35 - WS P DB 574 s 4 55 2R BH - B 25 g A ) D
SRR AT ST . 22 R SRR ) T X
B A A AR S K R AL B, B4R TR
7= S AR, 4% 5E 7143 8 EW. SN, NNE,
NE J NW FL 4l Hor, SN [l 24 LU MR 3=,
S ELA Y, HA R 3 o B 23 Sl R
JEIX I B AR SR X A 3R T e
LU s P 0A 52 SCA A, @R THIARZY 530 kms
BB A KA A KN LR
W e FLAREAE, AT 43 P K225 R L HRR
TP R0 T H M Sk 08 4FE =K 4 ~ 8 km,
BE 1~ 2 km MILAR B0

FI 7K B0 LA 1 ol AR oy TR0 A ol A 25 AR R
b8, Ak 20 245, B8R 5 50 J7
DAL, HAGTE /NI A: 7=, AR SCIIF I X 4. F
5 DX Hi T P 25 TR B, SRR S e ik 2R
TR K WA A Z B R AR A ik, AR
SN BAEIE B 2 AT Y EEAA A Bk
W, D, B NERT. A

2 FEah AT SRS

2.1 HmaHh

ARRBFFEHAT 28 - KAE R, HT12-1 ~HT12-
SRR AL T L B e, BRSO PR AR TR 5 A
HT12-6 ~ HT12-16 5 2R AF S AU R i 450, me il
A FERBE ), AT BB AZ B R AT Sl 10 52 5
HT12-17 ~ HT12-28 5 RAEE i BA ki A
B R G A RN E DL 1 SREE RS



714 1€ B oMb R

’
J N om A

0 90 180kmb™
T

F 1 ATFREXALE (a) BeRFERAIE (b)

Fig. 1 Location (a) and sampling point map (b) of the research area
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Table 4 Statistics of soil heavy metal content (x107°) and pH value statistics in the research area
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Fig. 2 Spatial distribution of heavy metal concentration in soil of the research area
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Table 5 Principal component analysis table of heavy metal elements in the study area

TR L TS i A1 R 5 N
PC1 PC2 PC3 PC1 PC2 PC3
Cu 0.906 -0.215 -0.025 0.894 0.259 -0.035
Pb 0.457 0.402 -0.724 0.432 -0.042 0.840
Zn 0.898 -0.267 -0.280 0.970 0.054 0.106
Cr 0.629 0.527 0.265 0.289 0.771 0.255
cd 0.901 -0.271 -0.151 0.942 0.140 0.013
As 0.420 0.538 0.539 0.031 0.868 0.049
Hg 0.032 0.876 -0.192 -0.261 0.406 0.756
Ni 0.591 -0.153 0.600 0.434 0.574 —0.463
T Z5TF (%) 3.569 1.710 1.383 3.156 1.933 1.527
Tk (%) 44.607 21.373 17.287 39.451 24.167 19.648
SRTTHRR (%) 44.607 65.980 83.266 39.451 63.618 83.266
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