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Abstract: This paper is the result of mine environmental geological survey engineering.

[Objective] This paper investigates the status and risk of heavy metal pollution in the soil surrounding a tin mining area, focusing on
7 heavy metal elements, namely Cu, Pb, Zn, Cr, Cd, As and Hg, found in 114 surface soil and three column soil group. [Methods]
The pollution level, potential ecological risk and human health risk in the area were evaluated using the geo—accumulation index
method, potential ecological risk index method and health risk assessment model. [Results] The average content of soil heavy metals
in the study area manifested that As > Zn > Pb > Cu > Cr > Cd > Hg. In terms of spatial distribution, the elements Cu, Pb, Zn, Cd
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and As are predominantly concentrated near the mine area, exhibiting a decrease in content as the soil depth increases and tend to be
stable below 60cm. The Cr element is primarily localized within congested area. While the Hg element displays a uniform
distribution. The results of the cumulative land show that the As and Cd exhibit high levels of pollution, while Cu, Pb and Zn display
low—heavy level polluted. The Cr and Hg elements show low—no level pollution in the study area. Potential ecological results reveal
that the study area experiences high pollution levels, with As and Cd posing the most severe ecological risks. Health risk assessment
shows that As and Pb elements in the soil are the main non—carcinogenic factors and the As element is the main carcinogenic factor.
The As element is the main risk of non— carcinogenic and carcinogenicity. The oral ingestion is the main route of exposure, and
children are more vulnerable to heavy metal pollution. [Conclusion] To varying degrees, anthropogenic activities have influenced
the presence of all seven heavy metals within the study area. The As and Cd elements are the most influenced by humans, followed

by Pb, Zn and Cu. The Cr and Hg elements have been less affected by humans.

Key words: soil heavy metal; pollution level; risk assessment; mine environmental geological survey engineering; Hunan
Highlights: This paper summarizes the surface and vertical distribution patterns of heavy metal content in the soil of a tin mining
area, and combines various evaluation methods to comprehensively evaluate the pollution level, ecological risk and health risk of
heavy metals in the soil of the study area.
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Fig.1 The overview of study area (a) and the location of sampling site (b)
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Table 3 Exposure parameters of health risk assessment
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Table 5 Characterization of soil heavy metal content in the study area (mg/kg)

FHESH Cu Pb Zn Cr Cd As Hg
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Fig.2 Spatial distribution of heavy metal content in surface soils
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Fig.3 Spatial distribution of heavy metal content in columnar soils
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Fig.5 Box plot of potential ecological risk index of soil heavy metals

Z B ABRYE R T 1,Pb i EILEL LS
BYMEHR T 1; B E XS E 4 B 2 0 gA
AR AT LA R 1 BN R, eAh,

W HEFF Y K As > Pb > Cd > Cr> Cu>Zn>Hg, JL
#wHEF B h As>Pb>Cr>Cd>Cu>Zn>Hg, H
1, As FIPb JTC R A= AU TR , As TTR A FILE

xo TRESEEBETHHERE(mg/ (kg d)

Table 6 Average daily exposure of non—carcinogenic heavy metals in soils (mg/(kg- d))

ADD;,, ADDgem ADD:y, ADD

HEE - — - - - = N .

A JL# LN JLE A JL3E A JLE
Cu 4.95x10* 3.18x10° 1.76x10° 7.80x10° 4.04x10° 6.72x10° 5.01x10* 3.20x10°
Pb 1.48x10° 9.51x10° 5.25x10° 2.33x10° 1.21x10° 2.01x10° 1.50x10° 9.56x10°
Zn 1.73x10° 1.11x107 6.14x10° 2.72x10° 1.41x10° 2.35x10° 1.75%10° 1.12x10*
Cr 1.76x10* 1.13x10° 6.24x107 2.77x10° 1.43x10° 2.39x10° 1.78x10* 1.14x10°
Cd 2.71x10° 1.75%10* 9.64x10* 4.27x107 2.21x107 3.68x107 2.74x10° 1.75%x10*
As 2.50%x10° 1.61x10* 8.90x10° 3.95x10° 2.04x10° 3.40x10° 2.53x10° 1.62x10*
Hg 2.99x107 1.92x10° 1.06x10° 4.71x10” 2.44x10” 4.06x10° 3.03x107 1.93x10°
ADD 6.41x10° 4.12x107 2.28x10° 1.01x10* 5.23x10° 8.70x107 6.48%10° 4.14x107
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Table 7 Average daily exposure of soil heavy metals causing cancer (mg/(kg-d))

£om ADD;, ADDyer, ADD;;, ADD
S
LUN JLE LIN JLE LIN JLE UN JLE
Pb 4.67x10* 7.51x10* 1.66x10° 1.84x10¢  3.81x10°  1.58x10°  4.72x10*  7.54x10*
Cr 5.55%10° 8.93x10° 1.97x107 2.19x107  452x107  1.88x107  5.61x10°  8.97x10°
cd 8.57x10° 1.38x10° 3.04x10° 3.37x10%  6.99x10°  2.91x10*  8.67x10°  1.38x10°
As 7.91x10* 1.27x10° 2.81x10° 3.12x10°  6.45x10°  2.69x10°  8.00x10"  1.28x10°
ADD 1.32x10° 2.13x10° 4.70x10° 521x10°  1.08x10°  4.49x10°  1.34x10°  2.14x10°

MRX SR CdE Croo R ILEL DA BRER K As Pb LI J R4y IX 38k Cd Fit Cr 8975 YR B0, LA St
KT 1,CAdICE R ANILEME IR A @S R Mi)E RICHIE L= A A

KT, 7R 2o AR A A B0 MU s HoAy BUR R A TR BT R N5 LB A W] 22 2
ERIURAAFRRRETE/NT 1L XAMEE  RRE0E X4 CRa, > CRum > CRum; RIHZ

MRS o DR, R A MR O I DR AR B L B XU 1 R

*8 tEESEIBERRNGIEL

Table 8 Non—carcinogenic health risk index of soil heavy metal

S HQ... HQuem HQun HI
A JLE A JLE A JLE LN JL#
PHIME 1.24x107 7.96x10? 4.39x10° 1.95x10™ 3.36x10* 5.60x10* 1.27x10? 8.04x10?
c RAH 8.69x107 5.59x10" 3.09x10* 1.37x10° 2.36x10° 3.93x10° 8.96x10* 5.65x10"
EHME 4.22x10° 2.72x10% 1.00x10? 4.44x10* 3.42x10° 5.70x10° 4.36x10" 2.77x10%
o KA 2.51x107 1.62x10" 5.94x107 2.64x10" 2.03x10* 3.39x10° 2.59x10 1.65x10"
FHIE 5.76x10° 3.71x107? 1.02x10* 4.54x10* 4.70x10° 7.82x10° 5.91x10° 3.76x10*
zn WA 4.34x107 2.80x10" 7.72x10* 3.42x10° 3.54x10™ 5.90x10* 4.46x10° 2.84x10"
FHE 5.85x107 3.77x10" 1.04x10? 4.61x10* 5.01x10? 8.34x107 1.19x10" 5.06x10"
“ WA 1.70x10" 1.10x10% 3.02x10* 1.34x10" 1.46x10" 2.42x10" 3.46x10" 1.47x10°
FHIME 2.71x107 1.75x10" 9.64x10* 4.27x10* 9.22x10? 1.53x10" 1.29x10" 3.71x10"
« WK 2.89x10" 1.86x10% 1.03x10" 4.55%10" 9.81x10" 1.63x10° 1.37x10° 3.95x10°
As FHME 8.35x10° 5.37x10" 7.23x107 3.21x10" 6.79%107 1.13x10" 8.49x10" 5.42x10"
WA 1.01x107 6.49x10% 8.74x10" 3.88x10" 8.20x10" 1.36x10° 1.03x10° 6.54x10"
Hg FHE S 9.97x10° 6.42x10° 5.06x10° 2.24x10* 3.19x10° 5.30x10° 1.08x10° 6.69x10°
W 3.36x10° 2.16x10? 1.71x10* 7.57x10* 1.07x10™ 1.79x10™ 3.64x10° 2.26x10?
F9 TESESEHEERERNKEIEL
Table 9 Cancer health risk index of soil heavy metal

e CRuy CRum CRin TCR
YN JLE YN JLE YN JLE IIN JLE
- FHIE S 3.97x10° 6.38x10° 2.82x10" 3.13x10* 1.60x107 6.65x10* 4.15%10° 6.48x10°
R 2.36%10° 3.79x10° 1.67x107 1.86x107 9.50x10” 3.95x107 2.38x10° 3.89x10°
THE 2.78x10° 4.47x10° 3.94x10° 4.37x10° 1.90x10° 7.91x10° 5.07x10° 5.70x10°
“ KA 8.08x10° 1.30x10* 1.15%10° 1.27x10° 5.52x10° 2.30x10° 9.35x10° 1.85x10™
PEME S 5.23x10° 8.41x10° 1.86x107 2.06x107 4.40x107 1.83%x107 5.29x10° 8.45x10°
« WK 5.56%10° 8.95x10* 1.97x10° 2.19x10° 4.68x10° 1.95x10° 5.58x10* 8.99x10*
FHME 1.19x10° 1.91x10° 1.03x10° 1.14x10° 9.74x10° 4.05x10° 1.29x10° 1.96x10°
As R 1.43x107 2.31x10? 1.24x10* 1.38x10* 1.18x10° 4.90x10* 1.45x10? 2.42x107
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W W A 3 4% A N T L 8 S0 KU R B i 4
WF5T X 5 4 @ o0 26 A A L2 350 XU o7 kI
MK As > Cd > Cr>Pb., As T ZE AL 1K)
CRu B AT 514 1.19% 107 F1 1.91x 107, CRuw A
H 5124 9.74x107° F1 4.05% 10, CRerm HI BIE 43571
5 1.03x107° 1 1.14x10°°; B As 4 C B A @A % A
AR A B T SO AR, PP R 7 42 ik s 45
W J& T 7l 3232 Y0 Cd & A R BHE AL T
107°~107, FEIE WG A LA K Je Rl 56/ N T 107, 3R
IEZYRE: YN AR e N U NS S8 =3
fil i A AN X AR 7 A U KU 5 BEAh , Cd JE Al
NFILE 2 B4 A B e KA 53 5 5.56 <107 Fl
8.95% 10, IXFHAMFFTIX P4 RAf s b Cd LR AT
FEBUE R 5 Cr T A s 2 38900 F 10~107, )&
TRl 4320 Po & 4R A JE Tl 4232, Pl
W A5 Bz k2 i s A8 AN 2 b A 7= A 5008 XU
HRHE TCR DL K bR 3 ATl 0, F 58 X 3 As JC
XF AR AR B T TS A (R B0 KU, Cd &80 Rt o
[ R A7 7E B0 XU, Cr FTPb ST U @ T Al 42232 10
BBl , P AR 250 KU /)N
3.6 it it

-4 b G R 5 G PR | A AR AU Y
FEGE A — IR Tl X DA X 4
SY S fE A . A SCGE IS XHFSE X I 4R
i, AR S RECR S 0] 43 A0 4 B vl A S X - B
Cd.As.Pb.Zn Cu il i T AR 5ol &
IR B T X AR A EATTHE 2 [ 50 A L IRE
H—E L EERTERENENE > HHEX > R IX
FIEILAE  IFSE X Cr i S X BB AR TG X, AT e &
W TE s He Ay s), T i m AR IX

H AT, 149 5 4 S P A 32 B3 A 2 XU gkt
FRAES , A2 A& A TR &I, B9 X+ 1 4
Ja A 25 RV 5 4030 X I 9T 45 R ke T — 3, b4
1 (2021) PPAT 1 90 F 48 it B A gt el FH A O o G
JEB IR LE S, BB Cd . As Pb A2 3 Tl A2 s 4
SRS et oM M, Cr Fl Hg 52 AR T 8ha i s
YRR s AR EIE S (2016) X 11 B B R A2 25 UG 1T
#r, I Cd.Pb.As.Cu.Zn & T H &5 K L XU IR
A, Cr )& TAHX 22 47K 5 TR IS 45 (2008 ) X /e 9 1
BT R X AN R X BT KR £ 5 e 4 XU 0t
TRy, AP+ 3 & 4 & Cd . As . Zn . Cu . Pb AF 7 H

SRR 2 Lol AR R L A X 1
LB E S EE , FESTZ X 45
A BB RIR BRI A BA B it

WHoE X+ 3 48 208 5 AR BUR W R 2R %
WA OB, JLEZ 2 B0 -5 AEB0E KK B
RERF RN, R ILE T 5 52 3 5 4 8 108 .
X5 (2016) (BIINIR A5 (2020) FEAFFE 45 R AH
VT, AT BESE T L (0 2k BAA T M R AE (A5
85 ) T 5 4% fol B e DA KL B R 25 I S B T R B
TZIX As 1 Pb X K BT VA (R U, Hor As oy
TR TCE , X T REAE T As BRI FEE AL
ERE RIS, FR(2016) . F BT (2021) 45 H
HE BRI TS5 &8A 2N E 5ELE
BEPEA G, As B B R B REYE , T8 5 %b A A=A v
TE W fE R b . 2% S 3 4R A AR 4 BB
WAk, 224855 (2015) (X [A] 45 (2022) 5 A 9]
e, BB T B 0P S AE MR Y B A DG
BE AESKTERE ., RRITITEMILT L
HerpE 4R B, Bz — S R (/e &
S TR A R 48 IS BTVE D, RIARIR
WA — R A e M, B e T i —25
WF5E o AH NIRRT 5 (e A B 11 %, H4JERREETR
BRARSRANERMRIR , R 1 119 g XU W R0 o

4 4 ik

(DM GE o3 T = IE X 4 i 4 R 5 &
T S, o As FlCd fc = i A R R R
B, Cu.Pb.Zn,Cd fl As JGEK 52 24" V.16 52 M 45
K, CrF Hg TCRZH L TE S sZ /N s 23 (8] 53 A 25
W] Cu.Pb.Zn .CA Fl As & 1 5 42 XA T3 X
T, B RO A IR A5 Qe e

(2) i RBUREOTEMN E5 R WoR , IF5E X Cd T As
JCRTG Y G B R, Cu Pb il Zn JE R 15 YL IR
Z,Crfl Hg SRR ICT5 Ye—2 B T5 YR 3s . e
ARSI EEEH 5 IX S 4 R e A S
DRV = 22 L — 0 XU R 32, As Rl Cd A 25 KUK
B RS ) FE TR T E , Pb A Cu gt R IR
Z.,Zn Cr I Hg AR HUR o

(3) N A RS PP AL 25 S e B, JLEE 45 5
ZFIE AR U, 22 A 4 R AR BuE F B0
AR ) R R i AR . 8 Cd RN Criffs s FE AT
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