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[Objective] A total of 775 soil samples were collected in Longshan County for the purpose of analyzing the content
characteristics of soil heavy metals, including As, Cd, Cr, Cu, Hg, Ni, Pb, and Zn. Additionally, an evaluation of
the health risks caused by soil heavy metals was conducted. [Methods]To assess the level of soil heavy metal
pollution, the geo-accumulation index was utilized. The source of soil heavy metals was identified through
correlation analysis and principal component analysis. Furthermore, a health risk model was employed to assess
the potential risks imposed by soil heavy metals on human health. [Results]The results of the analysis revealed
that the average concentration of Cd in the soil of Longshan County was significantly higher than the background
value observed in the soil of Hunan Province. This suggests that there is a certain degree of Cd enrichment in the
soils of Longshan County. Moreover, the coefficients of variation for Hg, As, and Cd were greater than 0.5, and the
coefficient of variation for Hg exceeded 1, indicating that these heavy metals may be influenced by human
activities. The presence of As, Cd, Cr, Cu, Hg, Ni, Pb, and Zn contamination was observed in the soils of
Longshan County. Notably, Cd pollution was widespread, and some areas exhibited severe levels of Hg
contamination. The sources of soil heavy metals in Longshan County can be categorized into three groups: Cr, Cu,
and Ni primarily originate from the soil parent materials, while As, Cd, Pb, and Zn are predominantly influenced
by lead-zinc mining and smelting activities. The source of Cd also has some association with the soil parent
materials. Furthermore, Hg is mainly derived from the combustion of fossil fuels. The health risks caused by soil
heavy metals were found to be higher for children compared to adults. Additionally, special attention should be
given to the health risks caused by soil heavy metals in Liye Town, Miaoertan Town, and Luota Town of Longshan
County. Furthermore, non-carcinogenic risks are primarily attributed to As and Cr, whereas carcinogenic risks are
primarily linked to Cr and Ni. Oral ingestion was identified as the main exposure route contributing to health risks.
[Conclusions] There was a variable degree of heavy metal pollution in the soil of Longshan County, and As, Cr, Ni
were the main contributing factors to health risks.

Key words: soil heavy metals; pollution evaluation; source; health risk assessment; geological survey engineering;
Longshan County; Hunan Province

Highlight:By the method of geo-accumulation index, correlation analysis, principal component analysis and
health risk model, the content characteristics, pollution, sources and health risks of soil heavy metals in Longshan
County were studied.
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Tl B AL TR =4 (1) S FRA AR R R, R TE N B ST R 1 4. H
A, il B e 4 el R AR B T ORI, anTkAR 55 (2022) KB e L B 35 8 Ff
FE4JFLE (Asy Cd. Cr. Cu. Hg. Ni. Pb. Zn) AT A F 3585 YL XU 2 il
Horpr, Brobtgerh Cd i Ak Pl b 3985 G U T/ e (1 o7 LUTE 0% LA AN, Hofth 7 Fh e 43 )@ 0
Tt A b 5 Y RS TR 1 7 LUIAE 2% LA s B85t 256 (2023)id ik 4 i o L BL g
X FK Cd M3 Cd. pH KA RbR, $E7R T A EBER 138 Cd HhER{b 2 ReAE K A
YIE BRI R R . (R Z B0 0 L B 38 8 b A 4 VT YRR R (g R XU AN AR AT
Wk, ASCCIEIL BN, JFET 3% As. Cd. Cr. Cu. Hg. Ni. Pb. Zn i54fat
5 R RSEA TS, AR BB s IR E S RIS Y IRmASHE R, YRR
e FES SR AR Ak 4

2 MRS T
2.1 MAREXBLR

Terl B AT g Pa b bR, S AL KRN 109910'~10953', Jb4i 2845'~2930", = HFH N
3131km?%. M BRI IR, 4BEPEZE. B LUl 3, kAT 218.2~1736.5m Z (] (1T
HAE, 2015). @ E R KRl VERRIE 2R URIX, DUZR4r B, REAAER, E3%<EN 15.8°C,
I ELN 1400mm(# 6, 2014), FEERERIEDKTE. oK, @FEMAE S IF
. RS, X ZEHBEARERAR. WA, EMA. BER. —8R,. “8K. AEA.
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Fig.1 Distribution of soil types in Longshan County
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TERILE DL (2 HARX Bk 22 ERE) (DZ/T 0258-2014) F - Hh i & Hh R {L
VA FLE) (DT/T 0295-2016) NEAR T, SHEMIEAFESREREIRFE, REF%E
N1 EIkm? , BL1km? SRS H GPS 58 AL SRAE sy oL el JE L 100m Vi [ 3~5 4b % 55
KM A, KAEIRIE 0~20em, Feff i )T oA IR 450 TAEE S, 44 4km? RAEK
PR E B AL S A TRE, A G TR 775 1.

+ IR R 8 M E 4 JE TR (As. Cd. Cr. Cu. Hg. Ni. Pb. Zn) Zp#riiiat i [ -+ %
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TR E As Al Hgo 138 Cd. Cu. Pb F1 Zn W52, FRECEIFERES 0.1g, i
2. $hIR . TR SERVARE RIS, FI A BB & 5 B AR SR E . 3% Cr llE,
FREL 105°C T HEF 10 L3R 5 4g, B AR iESIRE, FIA X SHekueeuiikilie . +
NI B AR hER. AHER A= SRRVAFE IS, FIF s & 55 B TR R R Ak
T E . 3% pH M5E, FREXEIERE S, 109, INE A BRAR AR, FIA pH e .
SR P EB] 5% — S 400 I R L SR JOEAT 43 BT 7325 PR R P S5 RS 5 2 ) 139 5 R 4
Mt SR BRI (2 H bR X IR ER R A VG ) (DZ/T0258-2014) Al (- Hh i &3
BRAGZ PP EY (DT/T 0295-2016) %S0T, FTA ATl &S RIAFF G 2R, ST

o
R LICRDMITE SRR
Table 1 Element analysis methods and detection limit
TiH MsET7ik for R
As JET 56 0.2
Cd PR 5 S B A v 0.02
Cr X SOt 15
Cu HUEHE & 45 B TR R i 0.1
Hg JRF 9 E 0.0005
Ni HL A A 5 S AR R R A i 0.2
Pb HUEHE & 45 B TR B i 1
Zn PR 5 S B A S v 1
pH BT B AR 0.01

7E: As. Cd. Cr. Cu. Hg. Ni. Pb 1 Zn & H R #4724 mg/kg, pH LEN.

2.3 BiEp TS E LS

HopE B8 55 MR Excel A1 1IBM SPSS Statistics 25 5/, EIfH£: I FIH ArcGIS 10.7
A Origin 2021 58 i
24 TRESBISEITNAE

I [ %2 Muller $2 1 103t RARFEBOE RAT R H T8 EVEN KIS TR h i 48 e
THURFRRE, AR O I N T L 4 RS Y PPN (LI XY et al., 2020), Hat B A y:

lgeo=l09, [k%IS, D)

K g NESEITER | M RERIEEG COVEEREIUR | FSCE, mg/kg: k &
IEREL — B L5 EERIeR | IS HH S IR E RE HIEEE BT R RE(T
[ A BT 0 s, 1990), mg/kg. MR AR BS G PP AR 2 Bk

2 RAIR BT Y ik



Table 2 Method of pollution assessment of geo-accumulation index

i ZARFE S Igeo Z 5 YRR
Igeo<0 0 WL S
0<Igeo<l 1 Big g
1<Igeo=<2 2 LEEE'D
2<Igeo<3 3 -5 g
3<<Igeo<4 4 HiGY
4<Igeo<5 5 -G
Igeo>5 6 SRR

2.5 BRI 73

TP E SR R @S RN R RN =R BRI AR AR,
RS N AR 3 s A 5008 XSG 5 5008 XU o SR FH 5% LA (R 2541 L PR 4 XU B2 Py - 8 o 4
X A= AR (R R AR, AR 3l (US EPA, 1989, 1992, 2000, 2002, 2011):

ADD, = B 1076 (2)
_ C>SAXSLXABS>EF>ED 6
ADD ey = BWAT >10 3
_ CXInhR>EF>ED
ADD gy 1 = PEF>BW>AT (4)
o3 ADDij
HQI_Z]:]— RfDlj (5)
HI=2%, HQ, (6)
CRi=%;(ADD;>SF)) (7
TCR=Y?, CR; (8)

X, ADD AEEEETAFRERENHLREER, mg/ (kgd); HQ NELETE i
RS (e e R T2 HI 2y 8 P & J@ o R AR BUR X G TR 4L CRyOVES B TH i
B0 (@R TCR 8 Pl 4@ m RINBURME R RS TEE. X (2) ~ (8) diik
ZHOE 3. 4.

% 3 RN 25

Table 3 Health risk model parameters

e
S '8 i<k [y
A JLE
IngR TIETASIR 100 200 mg/d
EF T FE AR 350 350 d/a

ED RFBER 24 6 a



InhR

BW

AT

SA
SL
ABS

PEF

FIRPASR
P2

P ¥ R ER I TR

e BRI AR
BE I M Z 4k
BRI LA 5
UKL 1

16
60.5
24x365 (EEE)
75.8x365 (FE)
5700
0.07
0.001

1.36x109

7.6
217
6x365 (JEFE)
75.8x365 (3UE)
2800
0.2
0.001

1.36x109

m3/d
kg
d
d
cm2

mg/ (cm2 d)

m3/kg

E: BN SHEEVEN US EPA(1989, 1992, 2000, 2002, 2011); FRBE{5$#5(2013); Chen H Y et al. (2016); B

/N (2016); MRk A7 55E(2021) .

FEMEREN SRR, 2 HQ B HI<<1, FRoxo® 2 EBUE KK 2 HQ B HI>1, RoR
FEAEARS0R MUK . 2 CRy B TCR<10°, FR J0 i 3 Bl KKz; 24 CR; 5t TCR /- 10°~10,
FoREUE RS E AT B2 0N CR 3L TCR>107, R BHA7(E 80 )% -

® 4 AFAREEE T HIEESEK RD 5 SFH
Table 4 RfD and SF values of soil heavy metals under differentexposure routes

R R ZH SF ((kgd) /mg)

258 RfD (mg/ (kg €d))

R Z A 2 Jk Hfich LT/ IN LU RS PRI
As 3.00x10™ 1.23x10* 3.00x10* 1.50 x10°  3.66x10°  1.51 x10*
Cd 1.00x10°3 1.00x10°° 1.00x10° 6.10x10°  6.30x10°  6.30 x10°
Cr 3.00x10°3 6.00x10° 2.86x10° 5.00x107  2.00x10*  4.20 x10!
Cu 4.00x10% 1.20x10° 4.02x10°
Hg 3.00x10* 2.10x10° 8.57x10°
Ni 2.00x1072 5.40x1073 9.00x10°® 1.70x10°  4.25x10"  8.40 x10™
Pb 3.50x10° 5.25x10™ 3.52 x10° 8.50 x10°®
Zn 3.00x10™ 6.00x10° 3.00x10™

7¥: RfD Ml SF % {H 1 1. Wang F F et al. (2020); Zhang R et al. (2020); #k/&#%5(2021).
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31 HIRECEASFHE

X LB R 4 R A AT T G T, 45 RaER 5 R, R 5 WAL il B
EHE & JE As. Cd. Cr. Cu. Hg. Ni. Pb. Zn & &EIFIIE 7 11.89mg/kg. 0.37mg/kg-
78.11mg/kg. 28.86mg/kg. 0.12mg/kg. 36.12mg/kg. 37.29mg/kg. 96.15mg/kg, 43 7 i FE
BRZTHEICRYRHEM 076, 2.92. 1.09. 1.06. 1.01. 1.13. 1.26. 1.02 %, Br+IE As



P E BT IR A LI S UE (h E A S, 1990)4F, 1% Cr. Cu. Hg. Ni. Pb.
Zn PR EY ST AL s E T SE, R cd FHSERER TESE, B
B Cd e — e R E 2

A RECRAREZE 5P IME I LUAE, AT URAEAS [F) & 40800 10 B8 HORE BE (£ A #k5%,
2021), —fchh, BYHOREFEERK, A8 RECIE K (SEESE, 2020), RUIHSZ NIGEH B0
KBRS, 2015; @S, 2015, %, 2021). RILEHBRESRESTEL R RN
Hg>As>Cd>Pb>Cu>Zn>Ni>Cr, H1, As Fl Cd {45 234K T 0.5, Hg A8 RECKT
1, WReZBINIEZ) IR

%5 HE SRS R

Table 5 Statistics of contents of soil heavy metals

BYgE| As cd Cr Cu Hg Ni Pb Zn pH
Be/ME (mglkg) 224 009 3770 1050 0.03 1300 1690 33.00 4.46
KM (mglkg) 59.00 166 203.00 7140 3.16 126.00 110.00 336.00 8.25
FA{E (mg/kg) 1040 032 7540 2760 010 3550 3500 93.80 5.49
FHE (mglkg) 1189 037 7811 2886 012 3612 3729 96.15
Fr#EZE (mglkg) 751 020 1396 677 0.14 8.18 1017 2244 0.79

5 FR A 063 054 018 023 1.22 023 027 023

WEgE IR SE (mglkg) 1570 013 7140 27.30 012  31.90 2970 9440 5.60

E: pH &Y.

iz ArcGIS 10.7 ) S BB AL VA FREAS B R e 1l B 3 i i B A e o A 1 (]
2). & 2 W, B LR E SR TR A A ] ERA RAHPRAN B R A, Her, As,
Cd. P i X5 0 (- BEVEEA ™ X i J3E o B (MRS, 2008), R W IX L H G2 s 3R vl g2
B VEEOTRIE SN Hy s (EIX B BRSNS 2, 454 Hg KT 11
S RAL WA ATREEIZ IR Z B T NGB o
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Fig.2 Spatial distribution of contents of soil heavy metals of Longshan County
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32 TIEEEBISHETEM

FIFA AR RIGH (geo) VN RINE LIRE S RIS JelE L, 4R E 6 fin. HK 6 1]
i, TIEESESYR B E BRI Cd (85.68%) >Pb (15.87%) >Hg (8.39%) >As
(7.23%) >Cu (5.68%) =Ni (5.68%) >Cr (3.61%) >Zn (1.94%), |y, “F-3MH K E|/NHE
N Cd (0.78) >Pb (-0.30) >Ni (-0.44) >Cr (-0.48) >Cu (-0.54) >Zn (-0.59) >Hg (-0.77) >As
(-1.26). MEEJBITCE M BIEEIT AT 45 ok E, il B b REFEE ) As.
Cd. Cr. Cu. Hg. Ni. Pb, zZny54s. Hr, T3 Cdimguals (K2), TEFR%S
RG-S S MRS 2 -5e r i — i A, JRif X Hg JYefefem |, £
AAEPIS SRS (B 3).

%6 LHESL R BHIEHLIT

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

TiH As Cd Cr Cu Hg Ni Pb Zn

lgeo F/ME -339  -104 -151 -196 -249 -188 -140 -2.10

I geo T NAH 1.32 3.13 0.92 0.80 418 1.40 1.30 1.25

lgeo “FIHMHE -1.26 078  -048 -054 077 044 -030 -0.59

i % (%) 9277 1432 9639 9432 9161 9432 8413 98.06
25 (%) 6.84 4374 361 5.68 7.35 542 1523  1.68
g g (%) 039 3755 0 0 065 026 065 0.6
-5 (%) 0 4.26 0 0 0.13 0 0 0
HiFH (%) 0 0.13 0 0 0.13 0 0 0
H-REER (%) 0 0 0 0 0.13 0 0 0
WMEFHG (%) 0 0 0 0 0 0 0 0

3 8% Cd 55 Hg Hi5 GeE 0o Aii &



Fig.3 Distribution of pollution levels of Cd in soil

3.3 TIEEEBEKRIFEMT
3.3.1 AAXMSH

T 38 B 4 e T 3R 2 IR] A AH DA 43 B 7T DS B HL AR DG AR R LA SR A5 B TR
TR 39 4 R ) EE BRI (LA SR, 2020, BAEAE, 2020; #TSAESE, 2021; FIRAREE,
2021; SkWEZESE, 2021, EEEE, 2022), HE 7 /%0, +H3EHESJE Cr-Cu-Ni. As-Cd-Pb.
Cd-Pb-Zn. Cd-Cr Z[AIfH REUH AT 0.4, HE 0.01 G A EREFAIE, X
Le T SR T Re A A IEKRIE, HOTREAEAEE SRR . Hy 5 HAME &8 7o R IAE RO REIIEL
TSR M, R Hy 5 H At 58 (KR I .

7 LIRE SR CRA M
Table.7 Correlation analysis of soil heavy metals

TLH As Cd Cr Cu Hg Ni Pb Zn
As 1

Cd 0.463" 1

Cr 0.348™  0.591" 1

Cu 0.134™  0.367"  0.556" 1

Hg 0.253" 01787  0.142" 0.001 1

Ni 0.066 03277 05527 06137 -0.013 1

Pb 06257 04417  0.2157 0221  0.124" 0.143™ 1

Zn 0.220"  0.455™  0.2467  0.3627 0.040 0.345™ 0524 1

T *RIRAE 0.01 CRAD K BB FEAK .

3.32 RS OAT

F G 43 WA A ) A e SR ) LT B (B AR, 2012; Rodr uez Martm J
Aetal., 2013; #EE5E44%, 2016). FI ] IBM SPSS Statistics 25 %% #4747 KMO F1 Bartlett
BB, ZK5%, KMO 54 0.718>0.7, Bartlett ERFE K56 i 214 /K T4 0.00<0.05,
RUBARIE SRS 3 BT ERr 4, KA Kaiser IEAS IR K Tr 2220 SR HLT A%
SHHEREEAT IEAS e, 55 WAk 8. R 8 n A, HI 3 MRS (PC, principal component)
FHEE R T 1, BT Z5TERE N 72.564%, Aeir AR 3 IR 4A 50 BT 61 5 S B

FEAr 1 (PCL) [J7 Z k%N 29.978%, FHH1, Cr. Cu. NifE PCl _FEAH &K
THAr, 73790791, 0.828. 0.855. HIABFFEEM, L3 Cr. Cu. Ni = ZRIE T AL
FRESR(GERERA « WARSE, 2017, B EMEE, 2018; T8i%F, 2020; 7754, 2021, H 114,
2022). [FIRS, 1B+ IEE S Cr. Cus Ni fE & P HME S5 4 37 S 4 eng &=



T FME, HARRBHAEAE, &Y Cr. Cu. Ni RZHW M NAR R, K,
PCLARFE TR RIE. Ak, Cd 7E PCL F1 PC2 LIEF#kfi A (PCL Xt Cd DTk
AT PC2 X} Cd (IBTHA), W Cd FISRIES R A —E KK R,

FHGr 2 (PC2) 77 Z kN 27.392%, L+, As. Cd. Pb. Zn 7E PC2 FHEAGHE
BT, 2508 07120 0.566. 0.907. 0.692. el B +I3EE 4 JE As. Cd. Pb. Zn
1A% 55 24050 50 0.63. 0.54. 0.27 F1 0.23, RIFIXLEILRATREZE] T AKIEZN IS . |
NiFFiRiE, L As. Cdy Pb. Zn SRR TAYEER T REa i A i HE R (Ma Z W et al,
2014; Li P Z etal., 2015; JA#f5%, 2018; £ 552455, 2022). & W, L BMAEER 7, H
JEF CMPE—SBIERE A A ARSI - R O LR X gy, A
SEHCER AT IX . R, XEEVEED X H Tk sy, A R LRIk ad 2
e I E RSB R R R, @ EUK s AR R SRR E R SR
HBEN ISR SR, 2020). AR, DRIl BRI X 5 LI E SR As. Cd. Pb =i fEIX &
oS (MR RESE, 2008). £5 b, HEW PC2 AR3E T HVER FF Rk 16 R I -

FHSr 3 (PC3) 1 ZTTHk% A 15.193%, (X Hg 7E PC3 I A B K# AT, A4 0.855,
B SR H (& & PME S A LI A Y, HELR RN 1.22, K
Hg RS2 B NN IR B . TR R, SRR 1 K S R HE LT

g AENE BT KR TBUIMF AL RZ R AR L3, S8 Hg /£ HIEP AW Z(Lv I S et al,
2014; A%, 2015; Xu J Y et al., 2015; R4/ 1845, 2018; TH/KiE4E, 2020; FEF-R4E, 2021;
MRS, 2022). R AT, Hy wifi XA o A IR B P P 2 G A 8= 10 B & n LAk,
EATE B RS ARRL B, HEE,  FIT PC3ARER T AT R be R I -

32 8 T G R e MR

Table 8Rotated component matrix of soil heavy metals

BygE| 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

FHIEE 2.398 2.191 1.215
Ti FETTHR 1% 29.978 27.392 15.193

RITT Z TR 1% 29.978 57.370 72.564




3.4 RERXBEITFMN

Jel B s E G R AR BUm A RS G5 SR & 4. 5 foR. B 4 W, AR
TOER BRI AR AE S0 KRG, X As £ DG LIE (K 3R 850 XS T8 5 HQ 17
FERT LMME, AT 0.05~1.36 2], RAFEISURERE . LZEHEZMITREMREE
s NAR YRS KR, s N AES0E X FE % HI /T 0.05~0.39, ¥{E N 0.14, E£HI KL
B A3 G JE 0 N Te 2 AR B0 KU LEAREUE SR E HIE AT 0.21~1.68, {H A
0.58, Mt HI KT 1 IFERA 22 fF, Atk 2.84%, FWIEE R EiHX + 3% E 4@t ) LE
HA B0 R .

H1 P 5 AT, AN [ H 4 R g ot e N R ) L2 1) < 3500 XU DR A 8L o AN [F] B 42
b NS R A 350 KU Tk i s 2 As>Cr>Pb>Ni>Cu>Cd>Hg>Zn, Hd1, As. Cr xf Ak
(1l Fows XU TRk 2 AT 82.600%: AN [l 2 g i Akt A I AR S0 XU DTk B i 2O 4
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