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Abstract: High-concentration areas of soil heavy metals exist in ecological functional protection zones of Southwest China. To
investigate their potential pollution risks and influencing factors, this study selected soils in the Xuanwei region of Yunnan Province as
the research subject. Combining geographical, geological, and anthropogenic activity data, the content characteristics of eight heavy
metal elements were analyzed in 1487 surface soil samples and 374 deep soil samples. The geo-accumulation index and potential
ecological risk index were used to assess the potential pollution risks of surface soils, while principal component analysis (PCA) and
geographical detector methods were employed to identify influencing factors. The results revealed that heavy metals in both surface
and deep soils were enriched compared to the A-layer and C-layer background values of Chinese soils. Most heavy metals also
exhibited enrichment relative to the A-layer and C-layer background values of Yunnan Province. Cd, Hg, and Pb posed relatively high
potential pollution risks, whereas Cu, Cr, Ni, Zn, and As showed lower risks. The main influencing factors for heavy metal enrichment
included geological background, clay minerals, organic matter, mining activities, and topography. Synergistic effects of multiple
factors could exacerbate heavy metal enrichment, while pH, CaO, Light (light index), and WIG exhibited minimal impacts.
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Table 1 Classification criteria of potential ecological risk
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Table 2  Statistics of soil heavy metals in the study area(mg/kg)

K21 3(n=1487)

W2 T (n=374)

SR Wfbriz RS EE CPEIERSE AT stE WEbEE RS Wl P ERRE A SE
As 18.8+23.1 1.23 2.03~338 11.2 18.4 18.0+21.5 1.19 1.38~250 115 25.4
cd 1.810.97 0.54  0.48~11.1 0.097 0.218 0.67+1.34 202 0.08~13.6 0.084 0.155
Cr 196+84.7 0.43 48.9~551 61 65.2 198+78.1 0.39 85.6~495 60.8 78.0
Cu 164£79.0 0.48 17.9~395 23 46.3 166+77.5 047  23.2~670 23.1 482
Hg  0.11%0.16 136 0.02~4.74 0.065 0.058 0.12+0.14 1.09  0.02~1.21 0.044 0.076
Ni 77.2£16.9 0.22 24.4~175 27 425 81.5£17.0 0.21 34.1~158 28.6 51.0
Pb 38.3+57.4 150 15.3~2033 26 40.6 27.3+11.8 043 9.46~75.9 24.7 40.2
Zn 167£65.5 0.39  50.2~2059 74 89.7 141£33.0 0.23 69.7~273 71.1 99.1

pHfi  5.67+0.68 012 4.44~8.02 6.7 5.7 5.73+0.64 011  4.53~7.52 \ \
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Fig.2 Characteristics of heavy metal contents in different land use types
R I bR SRR F M d: B e S AT b £ AR .

F S RT DL B 1K P 4 e o 3 A o [
S E A 2 F 8 T S RO & AR, H X Sl i
T BN L X 5 A B gl g2 ey r
REATAE AN [R 2 B 110 4 R i 7 XS
22 TIEES BB IEN

R A5 b 23 AR Fis B0 RO A AR S e AR BUE, o
SIS R 2 T IEEAT T 5 Y KB VAN

Hh BAFREOE &5 Rk 3 TR, As TR TG 4
O 2R B R T OC TS YRR R G G, BRI R A Lk
L 95.7%, LA H L 55 R 7 oy e S5 4 (0 oK
A 4 ME AU FETS J.Cd TCETT 350 2 U i o
G g G e TS g8 L L N
97.78%, MG TCVG G4 73 2, L 22 tH B T R R v et
W16 PR VS G RE L 1 A Cry Cu JTUETG 0
PG OUE N — 815 Y oy B AE P RE VS Y LA b R H
I BV G DL S g, B AR T AR BR BE G J
Pl 275 4 He 0 2% BARRINH ik 97.78% AT i
J& T BEvG g Ll B R AR R LIRS A
JeE i B S5 ¥ G T R v Y R T YL SRR A 1
PENT T3S YRR N R, BN R RS R TG
V5 Y LN 98.99%, LTS H V5 Yeagh LT FE
fisPb TG ETG P G ATETS B o LTk 96.23%,
AVER MR SR 1 eSS ™ BS54 Zn I
ESCE B A W R SR TN

98.72%, H. oA I8 73~ 0 J& R ™ F v G 2 2% AR 4l Hh SR A
FRBEFAVPN 45 T LB H,Cd. Hg. Pb. As V5 4f%
PR i, e 5 | — s FE A

N TEANT I 4 R v AT AR S S FHAREOE A
i3, Gl T & T 4 H(B 3),Lh 2kmx2km
PR AR BN M 0 0 IR S Jm W AR S e
T 20 T I A E (B 4),As JeE B2
TR AR H R 98.39%, vk Sy Ak f 5 4%
P 1.28%, F EA A T 5T X 76 A R e o, 1 v
I & T S DA 3 AN A 3 AR 24N, 73 A T
DX R0 R AR I 2k, JCAR R fE T ) P TR
WRBESE E S 99.87%, 6 H A FIAR 1y 6 25 4%
R E G FER S 1 R, & AR
0.07%, 73 A T H AR IX 38;Cd T 3 Wk SR B fE
T PG EERE 0.47%, 00 A0 TG IX 4 r
B R S 21.45%, BB TGRS FE AR
AR PR, N e E, A 59.85%,) 2 Al
TR PR s e AR H 18.22%, E 2 A T
HE BRI 4R, 3R W% R A A S e R
Hg JCEBRMEI 0 Ll 22.73%, F B0 A0 T h AL
Hreb g 38, vh &8 B d i, ) 46.67%, )12 53 A T
UK N S S EE ol 24.4%, 3 T 4R
FIrRPaE, e HEH G oA 5.31%, B84 TR
AR I BT HIX, AR m fE A Ty 1.14%, 3



2648 A 45 %

LA T E BT XL Cry Ni M Zn JCE il FFAF 4 00 1 B g X o . bl i, i X 3
HAEBEFRIRISEFEZI R Ca 5 Cr X ERAEESEFEREIUEA Cd. Hg. As. Pb,5
LLBERMIEFEH AT 99.87%, 1041 2 AL B aEfs B AIREAT PR O 45 RAECh — 2L

®3 ITRESREMBTRERIRSFEIT

Table 3 Statistical classification of heavy metal /,, in topsoil
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Fig.3 Percentage grading of heavy metal ecological risk index
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Table 4 Rotated component matrix of the topsoil

LD F1 F2 F3 F4 F5 F6 F7
As  -050" -048" -0.04 032" 028 006 0.7
cd -013  -0.17 040" 041" 040" 013 028
Ccr -021 029 012 0.02 08 -001 -0.10
Cu 092" -0.19 007 006 -005 -0.10 -0.02
Hg -022 -042" 018 004 043 007 033
N 0.14 -0.14 091" 002 -0.05 -0.08 0.07
Ni 032 001 -0.05 011 087 -0.02 0.04
P 0777 -0.01 044" 001 -0.13 -0.05 0.0
Pb 008 -0.04 0.00 096 -005 000 -0.09
Zn 0.17 -0.08 014 094" 017 000  0.05

Si0o, -0.88" 029 -0.03 -0.03 -0.12 -0.01 0.7
Ti 095" -0.03 004 -0.03 -0.02 -0.1 -0.08

ALO; 045 -0.69" -0.04 006 0.5 -0.04 -024

TFe,0; 095 -0.16 0.01 001 006 -0.10 -0.09

MgO -0.13 090" -0.14 -0.04 013 014  0.08

Ca0  -0.08 038 -0.01 005 -0.02 078 0.7

Na,0 005 086" -0.14 -0.06 026 003 0.6

K,0 -047" 065 -0.19 -0.04 -0.11 008  0.01

Corg 0.7 -0.09 090" 012 -004 003 -0.03

pHfE -022 007 -022 009 001 078 012

WIG  -039" 0.69° -0.12 -0.02 -0.06 047  0.13

Clay 022 -044" -0.13 007 -0.14 012 -039

Light 0.2 -0.09 014 -0.07 0.02 058 -0.18

Slope -0.17 004 017 -0.01 -0.03 -0.08 0.76"

Height -0.04 -022 026 -0.02 -001 -022 -0.57

TE* R B (A, SR E R T0.3.

g8 LT WX N SR BT AL

J OES) . HE 3R RE g e g b G E oo
#Z AWM EEE R B ZREE R I Ccdo
FZ AR FE e, B LT ML B AR R B
HALEAT AR ZE AR /N, 1T BAIA Sk 2 = 52 i) R 25 P
[ 1 FH 3 1% T 4 e 0 AR T X 4, Corg. TIIA
h g T DR 28 WOW B = VTR R Hg )32 22
ZE LY BRI AR MU TS S S T b 3
A T b R b 350 DR 35 28 A (LA 6 /0N, WA G 2 i
PGS TR ANIR 35 As T2 (L X ks H R
T 50 F T YRI5 M R 28 A R B 2
PRI 2% 4347 &5 J v DL H e e 8 256 K F Hoth
SEMI A F;Cuy Cry Ni 3232 AN ) H T S5 500,52
oMl BRI S B /NP Zn g B LT
Wb B0 32 B, Hoth 3 jl 43 A A (4 1R /N, 3L
PRI 2 AT 45 RS R g (BN K2
AUIPSE RS

3 %it

3.1 WIRXEREGRZE b R RN
E 3 AR ¢ B R ERESE, Cd. Cu. Cr.
Ni 5 R R 2 LA T2 E A 2
SRR P WoR T RN AR T 48 u R BOR E 4,
WIE AN T 2844 C 215 Cd. Cu. Cr &
B ZHE E, As A Zn N B 7530,

3.2 Wi b B AR R R A AR S ST AR BE R
WF UK 3 22 - HEREAT V8 0 7 G IV VPAN, D &5 21
BR8N EE U Cd. Hg. As. Pb {7
FER R (TS YR, 1T Cus Cre Ni Zn TS 4%
R

3.3 WFFLIX P TE 4 I8 J0 3 32 B A BRI 2% 4
Wres BB R 5. . AHUR. kg
& S b S n B R M N 3,
BRI F 4 8 0 2 B2 4 R MO A H), 7%
5T Y IRV 5 v 1 T 4 8 I 3% 52 B 1K) R i TR R A
N 80 VAT TS e RS AR I 22 40 43 g U0 35 %2 3
S PR 228k B — AT 8 22 5 R R 2R (R V) R4 A
FE4 B EEMEpH . CaO. Light(fT:H5%0).
WIG i 54 5 5 10 5 g /)8

EEp ¥
(1] Wb, B SR/ 26 o P X 76 e 3 M A 2 Pl



2652

o

i

ST
5%

s

45 %%

2]

Bl

(4]

[3]

(6]

(71

(8]

[

[10]

[11]

[12]

[13]

[M]. Jba:Hh )5 A, 2008:44-122.

Xie X J, Cheng Z Z, Zhang L S, et al. Geochemical atlas of
7T6elements in southwest China [M]. Beijing: Geological Publishing
House, 2008:44-122.

Li M, Xi X H, Xiao G Y, et al. National multi—purpose regional
geochemical survey in China [J]. Journal of Geochemical Exploration,
2014,139:21-30.

BCATUR, B2 A A A SR AR R AL 2 ) ) 2 b b [ VG R - e

2R ARSI [J]. HbA#HT2%, 2019,26(6):159- 191.

Cheng H X, Peng M, Zhao C D, et al. Epigenetic geochemical
dynamics and driving mechanisms of distribution patterns of chemical
elements in soil, Southwest China [J]. Earth Science Frontiers, 2019,
26(6):159-191.

Wei X, Ji H., Wang S J, et al. The formation of representative lateritic
weathering covers in south—central Guangxi (southern China) [J].
Catena, 2014,118:55-72.

Chen HY, Teng Y G, Lu S J, et al. Contamination features and health
risk of soil heavy metals in China [J]. Science of the Total
Environment, 2015,512:143-153.

Jia Z 'Y, Wang J X, Zhou X D, et al. Identification of the sources and
influencing factors of potentially toxic elements accumulation in the
soil from a typical karst region in Guangxi, Southwest China [J].
Environmental Pollution, 2020,256:113505.

HRIRZ, 27 SR PR R X T e 8 T e 5 kL RV VB HE
RN (3] PEPREERRE, 2020,40(4):1609-1619.

Zhao D J, Wang X Q. Distribution, sources and potential ecological
risk of heavy metals in the floodplain soils of the karst area of Yunnan,
Guizhou, Guangxi [J]. China Environmental Science, 2020,40(4):
1609-1619.

X BN R A T R T S T BB N AN R R
7R R &8 AR [1]. FREERLEE, 2022,43(4):2094-2103.
Wang X W, Liu HY, Gu X F, et al. Distribution characteristics of
heavy metals in soils affected by different land use types in a
superimposed pollution area with high geological background [J].
Environmental Science, 2022,43(4):2094-2103.

TR A 5, S S VA b X T 4 R IS AT B i) 4y
i [3]. FEFRERIEE, 2021,41(8):3693-3703.

Wang Q L, Song Y T, Wang C W, et al. Source identification and
spatial distribution of soil heavy metals in Western Yunnan [J]. China
Environmental Science, 2021,41(8):3693-3703.

AR ARICE, BT AR IR LR X T 4 A AR
LGB VR (7). ISR, 2023,43(12):6500-6508.

Han W, Xu R T, Wang Q L. Characteristics of heavy metal content and
pollution risk assessment in the soil of typical Emeishan Basalt Area
[J]. China Environmental Science, 2023,43(12):6500-6508.

TRE DL R AR T 2 BRI P R T R X
WG m A KB TEN [J]. FREERIE, 2020,41(9):4197-4209.
Zhang F G, Peng M, Wang HY, et al. Ecological risk assessment of heavy
metals at township scale in the high background of heavy metals,
Southwestern, China [J]. Environmental Science, 2020,41(9):4197-4209.
B FUREIE, TR TR R 08 A e M 1 8 5 < i 2 i SRR
AEE PR [7]. PRI, 2019,40(10):4620-4627.

Hong T, Kong X S, Yue X F.Concentration characteristics,source
analysis,and potential ecological risk assessment of heavy metals in a
peak—cluster depression area,southeast of Yunna Province [J].
Environmental Science, 2019,40(10):4620-4627.

Lei K G Li Y, Zhang Y B, et al. Development of a new method
framework to estimate the nonlinear and interaction relationship
between environmental factors and soil heavy metals [J]. Science of
the Total Environment, 2023,905(167133):1-14.

[14] BEGxk. B v b ot i i 5t 1 LR Rr X g o G Ja AR g IR Ak

(15

[16

[17

(18

[19

[20

[21

[22

[23

[24

[25

[26

[27

[28

]

]

]

]

]

]

]

]

]

]

]

]

AT N PAE RGBT [D]. STF: 5T MR, 2022

Duan Z B. Study on Environmental geochemical behavior of heavy
metals in soils and health risk from a indigenous zinc smelting area
with high geological background in Northwest Guizhou [D]. Guiyang:
Guizhou University, 2020.

SRR 2 A AR M) BCBGH E HTOR A AR, 1996:1-
399.

Zhang Z Y. Rock stratigraphy in Yunna Province [M]. Wuhan: China
University of Geosciences Press, 1996:1-399.

DZT0258-2014 % HbrIX B ER L2 AR [S].

DZ T 0258-2014 Specification of multi-purpose regional geochemical
survey [S].

Muller G. Index of geoaccumulation in sediments of the Rhine River
[J]. Geojournal, 1969,2(3):108-118.

Hakanson L. An ecological risk index for aquatic pollution control — A
sedimentological approach [J]. Water Research, 1980,14(8):975-1001.
Sutherland R A. Bed sediment —associated trace metals in an Urban
stream, Oahu, Hawaii [J]. Environmental Geology, 2000,39(6):611-
627.

Ogunkunle C O, Fatoba P O.Pollution loads and the ecological risk
assessment of soil heavy metals around a mega cement factory in
southwest Nigeria [J]. Polish Journal of Environmental Studies,
2013,22(2):487-493.

AR s B W R A KRS TR AR PR L 5 T e 5 YRR AIE
Soledfman [9). BRI, 2019,40(11):5073-5081.

Li WD, Cui Y X, Zeng C C, et al. Pollution characteristics and source
analysis of heavy metals in farmland soils in the Taige Canal Valley [J].
Environmental Science, 2019,40(11):5073-5081.

SRS NG AR IR, A IR G S Yot ik D], ARAER
&, 2011,(5):889-896.

Guo X X, Liu C Q, Zhu Z Z, et al. Evaluation methods for soil heavy
metals contamination: A review [J]. 2011,(5):889-896.

Lol SR Y ES I s Y GRS [ o = o A 11 Rl R R
REOTE (1], AEERA 5 ER, 2008,31(2):112-115.

Xu Z Q, Ni S J, Geng X Get al.Calculation of heavy metals' toxicity
coefficient in the evaluation of potent ial ecological risk index[J].
Environmental science & technology, 2008,31(2):112-115.

Jiang X, Lu W X, Zhao H Q,et al.Potential ecological risk assessment
and prediction of soil heavy—metal pollution around coal gangue dump
[J]. Natural Hazards and Earth System Sciences, 2014,14(6):1599—
1610.

P E PRSI Sk E R OT R RME (M]. AL sth E IR R
HiRR AL, 1990:87-381.

China National Environmental Monitoring Centre.The background of
soil elements in China [M]. Beijing: China Environmental Science
Press, 1990:87-381.

J R BT 00 5 AN B A S S0 3t DB L e
HRFIES KBS PR (7], FREER12E, 2019,40(10):4628-4636.

Tang Q L, Liu X M, Liu F, et al. Cd accumulation and risk assessment
for arable soils in the Karst Region of Northern Luodian, Guizhou [J].
Environmental Science, 2019,40(10):4628-4636.

Hernandeza L, Probsta A, Probst J L, et al. Heavy metal distribution in
some French forest soils: evidence for atmospheric contamination [J].
The Science of the Total Environment, 2003,312:195-219.

R B SRS, G B, A5 T R e A U 2 03 4 T L
HE4EKIE [1]. HELEE, 2008,28(1):45-50.

Zhan Y F, Guo H L, Sun Z Y, et al. Principle component analyses
based on soil knowledge as a tool to indicate origin of heavy metals in
soils [J]. Scientia Geographica Sinica, 2008,28(1):45-50.



53 WS BRI IR A v AT Y RS VR A i R R AR AT 2653
[29] %% 98 BT 1 AT oM ATV R SR VS 3R B TR ) vh B4 s e vl [7]. E5 IR, 2003,22(4):277-283.

[30]

B1]

(321

[33]

[34]

[33]

[36]

371

[38]

[39]

[40]

[41]

[42]

KA T [T, e, 2010,29(3),325-331.

Cai L Y. Analysis of the source of heavy metal contamination in
surface sediments of Quanzhou Bay based on principal component
analysis (PCA) [J]. Journal of Oceanography in Taiwan Strait, 2010,29
(3):325-331.

Luo X S, Yu S, Zhu Y G, et al. Trace metal contamination in urban
soils of China [J]. Science of the Total Environment, 2012,421-422,
17-30.

E R AR R PRI B S B S R B [J]. HOBEAEAR, 2017,72(1):
116-134.

Wang J F, Xu C D. Geodetector: principle and prospective [J]. Acta
Geographica Sinca, 2017,72(1):116-134.

ERKHE BRIR ER A A R T R v T R e AR S A Xy
PEAS [D]. STRR: SRR, 2021,

Wang Q Y. Study on the characteristics of heavy metal migration and
enrichment and environmental risk assessment during the weathering
of carbonate rocks [D]. Guiyang: Guizhou University, 2021.
TR, E ORI R0 AE R M T R R YN 1 3R 7 4% ]
oA 9], A TREAER, 2010,26(5):188-194.

Zhang S M, Wang Z M, Zhang B, et al. Prediction of spatial
distribution of soil nutrients using terrain attributes and remote sensing
data [J]. Transactions of the CSAE, 2010,26(5):188-194.

Gong Q J, Deng J, Wang C M, et al. Element behaviors due to rock

weathering and its implication to geochemical anomaly recognition: A

case study on Linglong biotite granite in Jiaodong peninsula, China [J].

Journal of Geochemical Exploration, 2013,128:14-24.

o R 272 [ 9 U PR 95 Rk 22 B o v [ - 3 5T 2 ) 43 A7 B
[CP/DK]. http://www.resdc.cn/, 1995.

Data Center for Resources and Environmental Sciences, Chinese
Academy of Sciences. Spatial distribution data of soil texture in China
[CP/DK]. http://www.resdc.cn/, 1995.

OB R E R AT G 4R EE AR 4R [CP/DK]. http://www.resde.cn/,
2022.

Xu X L. China nighttime lights annual dataset [CP/DK]. http://www.
resdc.cn/, 2022.

B 2 o B TR P (1KM) [CP/DK]. 1 535 o e S A o,
2019.

Tang G A. Digital elevation model of China (1IKM) [CP/DK]. National
Tibetan plateau / Third pole environment data center, 2019.

UL, A B, A= IRk, A5 0 MR A% (M. TSR AT,
1984:6-50.

Liu Y J, Cao L M, Li Z L, et al. Element geochemistry [M]. Beijing:
Science Press, 1984:6-50.

A .2 A DX U 1L R A R SRR ST [D]. bRt
PR B, 2016.

Li J. Geochemical study on Permian Emeishan flood basalts in
Zhaotong area, Yunnan Province, SW China [D]. Beijing: The
University of Chinese Academy of Sciences, 2016.

VA R ) W S S VG AL 1L XA TR Fe-Al A REF
TE R =Ae R S A 0], h MO, 2021,8(5):25-34.
Xue HF, Zeng D G, Xiang M K, et al. Characteristics of Fe-Al rock
series on the top of Emeishan basalt in northwestern Guizhou Province
and enrichment characteristics of its three rare elements [J].
Geological Survey of China, 2021,3(5),25-34.

S L HAE A A P E L (M) R E AR T R, 1998:
95-161.

National Soil Survey Office. Chinese soil [M]. Beijing: China
Agricultural Publishing House, 1998:95-161.

TP /NE, A S SRR TE e (KR BERE S T

Wang Y P, Pan X F, Wang C K, et al. A review of the study on
adsorption and migration of cadmium and mercury in soils [J]. Rock
and Mineral Analysis, 2003,22(4):277-283.
[43] 8 R REA T X As(ID) R B —f R S A A PR 5T
[D]. ANzl K2, 2013.
Zhou C. Study on adsorption—desorption and oxidation of As(IIl) by
two kinds of iron oxides minerals[D]. Hefei: Anhui Agricultural
University, 2013.
T 22 . 3 1] gl 8 o P 3 o O <3 Je 1) AL FUT B R AE AT 9T [D].
BUH LK%, 2010.
Zheng S A. Studies on the transformation and transport of heavy

[44

metals in typical Chinese agricultural soils [D]. Hangzhou: Zhejiang
University, 2010.
[45] & Mg, 01 0 W e 00, 55 R B R ot L SRR R B L A TS B R
YIRS [J]. R IREERRE, 2020,40(3):1191-1202.
Luo M, Bo H C, Chen T Y, et al. Effects of humic acids on the
adsorption, chemical speciation, and bioaccessibility of soil lead and
cadmium [J]. China Environmental Science, 2020,40(3):1191-1202.
JOHE R XIS 2, A VG R BBV AR T b M 4 S R )
By o AT R A PR (1], FREERRF, 2018,39(6):2884-2892.
Zhou Y, Chen Q, Deng S P, et al. Principal component analysis and

[46

ecological risk assessment of heavy metals in farmland soils around a
Pb-Zn mine in Southwestern China [J]. Environmental Science,
2018,39(6):2884-2892.

FRISCA, 1 JHAST, JRI W AR, 55 B4 G R FEIX. Pby Zny Cd HIBRALZ:
IEBAFAE [1]. RIS, 2009,30(7):2065-2070.

Lin W J, Xiao T F, Zhou W C, et al. Environmental concerns on

[47

geochemical mobility of lead, zinc and cadmium from zinc smelting
areas: Western Guizhou, China [J]. Environmental Science, 2009,30(7):
2065-2070.

k& E R R R AR B A B 10 {258 D)
ED R Tk, 2015,(1):44-45.

Anonymous. Xuanwei explores a new model for comprehensive

[48

utilization of zinc waste residue, with an expected output value of
1billion yuan [J]. China Powder Industry, 2015,(1):44-45.

[49] A=LLRH, 2B ER. 5 LR AL 1R A8 A T R SEBRBE 508, [T]. bt
i, 2001,13(2):6-11.

Li HY, Niu S G Oxidation of common sulfide minerals and its
environmental effects [J]. Beijing Geology, 2001,13(2):6-11.

[50] Facchinelli A, Sacchi E, Mallen L. Multivariate statistical and
GIS-based approach to identify heavy metal sources in soils [J].
Environmental Pollution, 2001,114(3):313-324.

[51] Mico C, Recatala L, Peris M, et al. Assessing heavy metal sources in
agricultural soils of an European Mediterranean area by multivariate
analysis [J]. Chemosphere, 2006,65(5):863-872.

[52] ZELLMEFREHA, I U,AE 27 s LR bk R g L3R MR 43 A

M IR B ALRE R 2 [J]. HbER S5 PR, 2023,51(3):338-347.

Gong HM, Chen J Y, Tian P, et al. Understanding mercury altitudinal

distribution and influencing factors in montane forest ecosystems of

Ailao Mountain [J]. Earth and environment, 2023,51(3):338-347.

gk AR IR R IR L R RO S [C). SS-G A AR

AR R, 2013:19-20.

Zhang H, Feng X B. The conceptual model of mercury's mountain

[53

altitude effect [C]. The 7th National Conference on Environmental
Chemistry. 2013:19-20.

TEERIN: W 51985, T bR A, i g TR, Bt TS
7 1) S R 5 R AL 2% R A R 2 R SRR S 27 W hanwei@mail.

©gs.gov.cn.



