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

[Objective] A total of 775 soil samples were collected in Longshan County to analyze the content characteristics of heavy metals in
soil, including As, Cd, Cr, Cu, Hg, Ni, Pb, and Zn, and to evaluate the health risks associated with these contaminants. [Methods]
The geo—accumulation index was applied to assess soil heavy metal pollution levels. Correlation analysis and principal component
analysis were used to identify the sources of soil heavy metals. A health risk model was employed to evaluate the potential risks
posed by these metals to human health. [Results] The analysis revealed that the average Cd concentration in Longshan County soils
significantly exceeds the background value for Hunan Province, indicating a certain degree of Cd enrichment. The variation
coefficients for As and Cd exceeded 0.5, while Hg's coefficient surpassed 1, suggesting a potential influence from human activities.
Various degrees of contamination by As, Cd, Cr, Cu, Hg, Ni, Pb, and Zn were identified, with widespread Cd pollution and severe
Hg contamination in certain areas. The sources of these heavy metals were categorized into three groups: (1) Cr, Cu, and Ni
primarily originate from soil parent materials; (2) As, Cd, Pb, and Zn are largely linked to lead—zinc mining and smelting, with Cd
also showing some association with geological background; (3) Hg primarily stems from fossil fuel combustion. The health risk
assessment indicated that children face higher risks from soil heavy metals compared to adults. Attention should be focused on the
health risks in Liye Town, Miaoertan Town, and Luota Town. As and Cr were identified as the primary contributors to
non—carcinogenic risks, while Cr and Ni were the main contributors to carcinogenic risks. Oral ingestion was found to be the
dominant exposure pathway for health risks. [Conclusions] Heavy metal pollution in Longshan County soils exists at varying levels.

As, Cd, and Ni are the primary contributors to health risks.

Key words: soil heavy metals; Cd—Pb—Zn; As—Hg; pollution evaluation; source; health risk assessment; geological survey
engineering; Longshan County; Hunan Province

Highlights: Using methods such as the geo—accumulation index, correlation analysis, principal component analysis, and a health risk
model, this study comprehensively investigated the content characteristics, pollution status, sources, and health risks of soil heavy
metals in Longshan County.
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Table 1 Analysis methods and detection limits for elements

WiH W 5E T732: Kt R
As JR e b1 0.2
cd PR 15 S5 1 A B 0.02
Cr XHH TR % 1.5
Cu HEL R 1 5 S A Rk 0.1

Hg JE -5t a2 0.0005
Ni PR A 85 B8 IR B R S 0.2
Pb H SRR 75 S5 R Tk 1

Zn H SRR £ A5 A 1

pH BT IR R 0.01

7: As. Cd. Cr. Cu. Hg. Ni. PbAIZn#a H R #47 yme/ke,
pHEEH
IR IR, F T SR 5 25 B TR BRI E .
B Cr g, FREL 105°C FHE A9 T 3ERE S 4 g, 18
TR R A AR, R X S5 E o
398 Ni i AR . EhER | EIR AN S AR TR
B, ) A a5 4 B AR i R S I i vk
FE o HHE pH M, FRECEIERE S 10 g, InJc 4k
izt KR, A pH THIE
>R FH 52— b e ) o A e 2 R AT o0 A O
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24 TIEESREFHIEMAE
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assessment method
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ADDygg A= D EFRBVWAT (4)
HO=Y R (5)
HI:Z;HQ,. (6)

CR, = Zjl (ADD,;*SF,) (7)
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X, ADD Ky H 4 i A R B BR s AR i H 24
ZiE i, mg/(kg-d); HQ, WHE A B ILER i AR BUmE fil
JREXURS: 4545 HI A 8 i 4 g oT R (W AR BUR filt )5 X
B 5 CR, N HE S B ICE i 190 R HE XU 45 54
TCR N 8 P 4 Jm L R BV AR XS R 5. 2
K (2)~(8) PAHIESHILZ 3 Ak 4,

FEAgRRE B AR, 2 HQ, 5% HI<1, /R T
Z AR BURE K ; 24 HQ, 5% HI>1, F s AAAEIE U X,
K. 4 CR, B TCR<10", 7R JC i % Bom KUK:; 24
CR, 3, TCR 4T 107°~10"*, R/ 2hm KUs 76 AR 7]
525 5 CR, 3 TCR>107, 3R B A7 7E 808 KUK
3 R 51HE
31 TIEELESEHHT

Jeih B 3SR S ST R (R 5)
R, A+ EHE 4 )8 As. Cd. Cr, Cu, Hg. Ni. Pb,
Zn B E 53904 11.89 mg/kg. 0.37 mg/kg.
78.11 mg/kg. 28.86 mg/kg. 0.12 mg/kg. 36.12 mg/kg,
37.29 mg/kg. 96.15 mg/kg, 435 K i 4 %2 1
LR FEM 0.76, 2.92, 1.09, 1.06, 1.01, 1.13,
1.26. 1.02 f%; Br 145 As P& R TR A 1IE
5508 (b [ PREE W Bk 1990) 4k, 433 Cr. Cu,
Hg. Ni. Pb. Zn V-3 & B 5T FEA Y5300 & T
Bo(H, B3 cd P& R R & T RE, £k
I E A3 Cd A — e R & 4R .

S RABUR bR EZE 5P BE Y LU A, T DASRAE
AN [) 2 A 80 1 B HAORE B (TR RS, 2021), — %
Hb, BRI BB, A48 S RBUR A K (4555, 2020),
W HLAZ NSRSl R (24, 20215 X1 [R5,
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Table 3 Parameters of the health risk model
. P 2% .
ZH & TN o L2
IngR o 12T ES 100 200 mg/d
EF AR 350 350 d/a
ED TR 24 6 a
InhR T I NIF 16 7.6 m’d
BW RSN 60.5 27.7 kg
AT R 24x365 HEE_@&% ) 6x365 (ﬂﬁi%zf%) d
75.8x365 () 75.8x365 (HUE) d
SA T 78 P R AR 5700 2800 cm?
SL R TRZG M F 4 0.07 0.2 mg/ (cm?d)
ABS R WA BT 0.001 0.001 -
PEF R 1.36x10° 1.36x10° m/kg
W BHINSHEEN SR (US EPA, 1989, 1992, 2000, 2002, 2011; 3REIR4#, 2013; Chen et al., 20165 B/, 2016; MRk Ar2%,
2021) .
T4 TRABRBEERTIEESLEANRD 5SF&E
Table 4 RfD and SF values of soil heavy metals for differentexposure routes
ZE %7 HRID/(mg/(kg-d)) AR RHUSF/(kg-d)/mg)
A BB i TN 2R B LT ON
As 3.00x107 1.23x107 3.00x107 1.50x10° 3.66x10° 1.51x10'
cd 1.00x107 1.00x10°° 1.00x10°° 6.10x10° 6.30x10° 6.30x10°
Cr 3.00x10° 6.00x10°° 2.86x10°° 5.00x10°" 2.00x10" 4.20x10"
Cu 4.00x107? 1.20x10°? 4.02x10°? - -
Hg 3.00x107 2.10x10°° 8.57x10° - . B
Ni 2.00x102 5.40x10° 9.00x10°° 1.70x10° 4.25%10" 8.40x10"!
Pb 3.50x10°7 5.25x107 3.52x107 8.50x107 - .
Zn 3.00x10" 6.00x10 3.00x107" - - -
VE: REDMISFZHAE TN SCHR (Wang et al., 2020; Zhang et al., 2020; #OREF4E, 2021) .
x5 TEESEA=ES5IT
Table 5 Statistics of soil heavy metal concentrations
TiH As cd Cr Cu Hg Ni Pb Zn pH
B/ME/(mg/kg) 2.24 0.09 37.70 10.50 0.03 13.00 16.90 33.00 4.46
R AE/(mg/kg) 59.00 1.66 203.00 71.40 3.16 126.00 110.00 336.00 8.25
HHALE/(mg/kg) 10.40 0.32 75.40 27.60 0.10 35.50 35.00 93.80 5.49
T35/ (mg/kg) 11.89 0.37 78.11 28.86 0.12 36.12 37.29 96.15 -
FRifE 2 /(mg/kg) 7.51 0.20 13.96 6.77 0.14 8.18 10.17 22.44 -
5 R 0.63 0.54 0.18 0.23 1.22 0.23 0.27 0.23 -
WIF A L S/ (mg/kg) 15.70 0.13 71.40 27.30 0.12 31.90 29.70 94.40 5.60
e pHE®RN, “RonTLEHE.

2024) . I B HEHEES R S 525 RECH He>
As>Cd>Pb>Cu>Zn>Ni>Cr, H: 71, As I Cd ) 75
FEIRT 0.5, Hg 28R RECKT 1, aTREZFIA
G B2

iz ArcGIS 10.7 9% 2 FE 25 AR A/ (H A5 2]
el B AR S Eas b amE (E 2) . I 2
AL Je il B -4 T 4 SR e R AR ZS (] LIRS B AR
PRAE RS, Hodr, As, Cd., Pb S{EX 5 ILE
BVREDT T DX B S (RIS, 2008), I X SE

LB ICE AT REZ R T AYER R IE S He 1Y
X FEEEPTEEIE 2 FIFT S, 454 Hg KT
1 78 S 280, DO HPT BRI X B3z 3 17 26T
SRZI
3.2 TIEEEEITLITM

F AR R AR E (L) PEH e 1l B 3 4
MG Y IE oL, G5 RN 6 frn . Mk 6 il H1E
ARG gl BRI Cd(85.68%) >Pb
(15.87%) >Hg( 8.39%) >As( 7.23%) >Cu( 5.68%) =
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/Er?f,ﬁ As/(mg/kg)

L 39.29

: 26.82
18.79
13.61
10.28
8.13
6.75
5.86
4.47

' Cu/(mg/kg)

44.66
34.29
30.16
28.51
27.85
27.59
26.93
25.28

Zn/(mg/kg)

163.14
116.25
103.20
99.57
98.56
98.28
97.27
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Fig.2 Spatial distribution of soil heavy metal concentrations in Longshan County
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Ni(5.68%)>Cr(3.61%)>Zn(1.94%) , 1., V-3 {H H
K E/NHEFE B €d(0.78) >Pb(—0.30) >Ni(—0.44) >
Cr(—0.48)>Cu(—0.54) >Zn(—0.59) >Hg(—0.77) >As
(—1.26) . MHE 4 J@ I R RAR B0 Y v o 45 21
&, I B HIEPEAERFRE R As, Cd. Cr, Cu,
Hg. Ni, Pb. Zn V54%, Ht, T3 Cd i5JEHE)™
([ 2), FEIR KL S —RAETEH—F 9 ML
BRI 2 —He pr i —ai 404, il HbIX Hg 75
YRR, FE S AATERIR AT S (K 3)
3.3 TIEELRENRIEMBN
3.3.1 AR ESHT

AN T 4 38 T 4 Jg T 3R 22 [ A AR S 2 A T L

SR AR DG AR B LA S A5 B[R], S TR 1 g
4 R R IR R (5445 55, 2020; T IRARAE,
2021; FhEAESE, 2022; T E45, 2022; 2074, 2024;
AR AE, 2024) . L 7150, HHEE 4 )8 Cr-
Cu—Ni, As—Cd-Pb, Cd—Pb—Zn, Cd—Cr ZZ [a] i FH
ZBIIRT 0.4, HAE 0.01 (U)K | i A,
T H 4 @ T e A MHFRIE, BB ERE S
KR, Hg 5 HAE 4 @ 5T R B AH O R 5 8T
2 AHOCE, W] Hg 5 HAW 4 8 H R IEAN ]
3.3.2 WA GHT

F A 3 BT R AA RN 4 R R IR Y
FF Bt (Rodriguez Martin et al., 2013; F {45 % 5%,

* 6 tEESEMRRIEHSEIT

Table 6 Statistics of geo-accumulation index for soil heavy metals

TiH As Cd Cr Cu Hg Ni Pb Zn
LBt/ MA -3.39 -1.04 -1.51 -1.96 -2.49 -1.88 -1.40 -2.10
Lo KAl 1.32 3.13 0.92 0.80 4.18 1.40 1.30 1.25
L., FHME -1.26 0.78 —0.48 -0.54 -0.77 -0.44 -0.30 -0.59
Toi5 9% 92.77 14.32 96.39 94.32 91.61 94.32 84.13 98.06
BI59% 6.84 43.74 3.61 5.68 7.35 5.42 1523 1.68
5 9% 0.39 37.55 0 0 0.65 0.26 0.65 0.26

H—E 59 % 0 4.26 0 0 0.13 0 0 0
HIG5H/% 0 0.13 0 0 0.13 0 0 0

B R E 5% 0 0 0 0 0.13 0 0 0
RIS 9%/% 0 0 0 0 0 0 0 0

' g
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Fig.3 Distribution of pollution levels of Cd and Hg in soil
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Table 7 Correlation analysis of soil heavy metals
JLHR As Cd Cr Cu Hg Ni Pb Zn
As 1
Ccd 0.463™ 1
Cr 0.348" 0.591" 1
Cu 0.134™ 0.367" 0.556™ 1
Hg 0.253" 0.178™ 0.142" 0.001 1
Ni 0.066 0.327" 0.552™ 0.613™ -0.013 1
Pb 0.625™ 0.4417" 0.215™ 0.221" 0.124™ 0.143™ 1
Zn 0.220™ 0.455" 0.246" 0.362" 0.040 0.345" 0.524" 1

T PFRIRTE0.01 CRMD K ERZEM,

2020; # ¥ 45, 2022; ZEWTAE, 2024; XA 45, 2024) .
I IBM SPSS Statistics 25 4% 56247 KMO
F1 Bartlett Bk P B K 56, 2845 %, KMO {H 4 0.718>
0.7, Bartlett BRIE FE K16 i 2 14 /K4 0.00<0.05, 3
IR S B I R o i . SR T R 4T, SR A
Kaiser 128k K 22 X5 R U B 200 B b4 71
Tl , a5 R ILF 8. W 8 AT AL, 1/ 3 4 E WL
(PC, principal component) F#fE{E K F 1, R
ZETTHRER Y 72.564%, REHIHb A0 3 an 5 T (0
TEE.

F L4y 1(PCL) 177 22 TTRR R 29.978%, H:
1, Cr, Cu. Ni 7£ PC1 | HAT 8 0 7284t 4351
4 0.791. 0.828. 0.855. A AR, TP R
Cr, Cu, Ni FEZRIFF Al B (5 #AA4E, 2018;
T84, 2020, FF9545 2021; XFTIESE, 2024) , [F]
BF, R DX St o s [ (8] 1) 5 23 Cr, Cul Ni &%
oS AR (E 2) X B, R AR, B R, &
B AMPIEAT Cr, Cu, Ni &5 A T4
HEEMY, B RZM=F KT Cr. Cu, Ni (IF &
AT SR S, AR RSP Cr, Cu, Ni
Fr NS T3 (e, H A3 Cr, Cu. Ni TR

®8 TEESEREHER

Table 8 8Rotated component matrix forsoil heavy metals

i H PC1 PC2 PC3
As 0.037 0.712 0.459
cd 0.489 0.566 0.282
Cr 0.791 0.183 0.324
Cu 0.828 0.152 -0.080
Hg 0.012 0.053 0.855
Ni 0.855 0.059 -0.104
Pb 0.048 0.907 0.052
Zn 0.336 0.692 -0.264
LRI 2.398 2.191 1.215
7 ZETTHRZE % 29.978 27.392 15.193
FRH ZTTHRE /% 29.978 57.370 72.564

AR5 BB S)AHXTHEAR, 2 Cr. Cu, Ni 247
A BRI A A SRR R I, Rz B B IR E R
5o . PRI, PCT AT AR b B8 55 Y, i H
SRIEUR . Ah, Cd 7E PC1 1 PC2 | A4 [N 72 1 AH
24 (PC1 X} Cd 19 5T R B AIE T PC2 XF Cd Y 5Tk ),
R Cd PRI S H TS S —E MR

F 4 2(PC2) 77 25 BTHR Rl 27.392%, H:
W, As. Cd, Pb, Zn 7 PC2 I B &= KN T3
T, 43514 0.712, 0.566. 0.907, 0.692, Je1l1E 1%
H 4B As. Cd. Pb, Zn (9748 5 250551 R 0.63,
0.54. 0.27 F1 0.23, FHXLEITLRE AT GEAZH] T AZIE
FEYEE ., B ATIEHGE, 1 E R As, Cd., Pb,
Zn KR F YRR I R 3816 i A P 1 HEE (Ma et
al., 2014; Li et al., 2015; J&l #155, 2018; T &5 L 4E,
2022; MREH5E, 2024) . 2 W, Jo il B A EYEERT
G W = A i I 197,70 7 s A ¢ R 1 e | o
UAE— 8 B e LU Y B R T s X R — A, A it —
SEBCR IR0 X R, XSEYER 0 X H R
ELHE 7, [ H e Jem IR A v i R = A
EERES IR FAR B, i Kok iz
KA b= 3 BOK 4 i A 1 (SR 4%,
2020), [AES, Je 1l B8RS0 X 5+ HE SR As.
Cd. Pb = {H X = FE 5 & (BRIA RE S, 2008) o 25 I,
M PC2 AR3E T H#VERR T Rk v SRR

F 4 3(PC3) )7 22 TTHR 2N 15.193%, 1L
Hg 7E PC3 b i AR, 4y 0.855, JeiliH 435
4R He 18 2 F¥ME 5 W 4 3895 S A
M EHARF RECH 1.22, KW He R PEZH) AN
ES AP = (DN -8 W CE T R ap o]
BRBE I R HER ) He RERS 1 KR TR
RIS b, F:30 He 76 - PRI
Z (L et al., 2014; Xu et al., 2015; x4 H4, 2018;
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HKIRAE, 2020; FAFAREE, 2021; RS, 2022) .
24y, Heg s fH X P s 2 5P S A4
MHCE R E AN T AN, AT EZ DS R
o FERRL, I, I PC3 AR T AL AR
b 3/
3.4 EEXEITEGN

e Ll L A 1 4 S A B0 fd R XU TN 45 SR
W 4 fE S i, 4, % ER—nE
B — R R IR AR MR ) AR B0 KU B, A As 41
AT LE M IEBOE AT HQ fFTER T 11
H, /T 0.05~1.36, RIFAEIEBURINE . 256 %
LR IT R LR R B AR AR A A B0 KU
BN FE B KRS 5 %% HI A T 0.05~0.39, S5
0.14, R e 111 B 4 18 45 f il T I 25 AR B0
AR JLEE AR B0 KBS 5L HI A 0.21~1.68, H4{H
Jyo0.58, Horp HI K F 1 RER A 22108, 5 kb

2.84%, F M e 1l B R iR X 4 1 4 J@ v L AL
A7 A B0 (R XU .

FH &1 5 AT, AN [R) E 4 J 2 8 s A ) i A
JLEE Y AR S0 KBS STk AR AL, AN [R) 5 4 Ja X A 1A
Al B XS 5T Bk o 2K As>Cr>Pb>Ni>
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T UG BT R Fh e IR A 448 10 5 A > g TR 22 fih > 1l
W, o, 28 VAR AR B 3 350 IXURS: BTk
T 92.51%.,
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