Vol.13, No.1 B D s A N O ¢ 134, 5 1
Jan., 2023 Journal of Environmental Engineering Technology 2023 41 H

RO, I, WA, S5 SIS R A R EE < A R SO XU A (9] 3R0E TRRH R 2241, 2023, 13(1): 287-294.
LI J F,FENG L X,CHEN X Q,et al. Heavy metal distribution characteristics of soils in southeastern Dayi Mountain and its risk evaluation[J].Journal of
Environmental Engineering Technology, 2023, 13(1): 287-294.

AN FEBLIEESE S EHER E X TN

FHR, BET AR AR, P AR, BTE # AR
LIL TSR MR B
2. H L S A Sy D £ s
3. e i e A5 SR A B S BT ST 5

WE R AR A SRR R, SRR K SO PR AR 8 L R T i 42 JB ST Cu. Pb. Zn. Cr. Ni, Cd.
As Fl Hg B2 5 256 R FH AR T35 80 V5 Y A mmr 18 BORTEFE AR S FEFR 0L AL I 9T X H 3 0 T5 GRS A S XU . S5 3k
Hi: As. Cd. Pb, Zn Fl Cu Yk BT L GB 15618—2018( L FRR B o Il 33875 G WU B 4 A5t 47 ) ) (pH>T.5)
FRAEBRAE 119.70, 47.33, 6.18, 4.67 Fl 4.43 f35; BAP T BUN K E/ME IR K As>Cd>Pb>Zn>Cu>Cr>Ni>Hg, H 1, As, Cd. Pb,
Zn Al Cu J& THJE 5 Ye; BRI KIS TS UK B/IMEIR A Cd>As>Pb>Cu>Zn>Hg>Ni>Cr, 8454 W 10 A 25 RS 8 50 X1
M 2 680.40, J& TSR A BIREKF . St B8, Cu, Zn, Cd. As HHEF LA TH X, Cr. Pb. Ni §ET 2K, 5B~ A
F&E B X, Hg TR U/ . MEOCHE S F a7 i W], 14 Cu., Zn, Cd. As Bl Pb, Cr. Ni 59 & 4505155
FERMAZEIESNA X, 1 Hg 58 & R0 F25 B B8 X5 i AR

kHER B 9K HIREE SR, AR AR SR

FESZES:XS3 XEHS:1674-991X(2023)01-0287-08  doi: 10.12153/j.issn.1674-991X.20210658

Heavy metal distribution characteristics of soils in southeastern Dayi
Mountain and its risk evaluation

LI Jianfeng'*’, FENG Lixiao', CHEN Xiging*’, FU Jianming>’, LU Youyue™, MA Kemeng', XIE Haolin'
1.College of Geographic Science, Liaoning Normal University
2.Wuhan Center of Geological Survey, China Geological Survey

3.Research Center for Petrogenesis and Mineralization of Granitoid Rocks, China Geological Survey

Abstract In order to investigate the impact of mineral mining on soil ecology, soil samples were collected from
the southeastern part of Dayi Mountain rock mass to analyze the concentrations of heavy metals Cu, Pb, Zn, Cr, Ni,
Cd, As and Hg. The single-factor index, pollution load index and potential ecological hazard index methods were
used to evaluate the pollution status and ecological risk of soil in mining areas. The results showed that the average
concentrations of As, Cd, Pb, Zn and Cu exceeded the standard limits of GB 15618-2018 (Soil Environmental
Quality Standard for Soil Pollution Risk Control of Agricultural Land (Trial)) (pH>7.5) by 119.70, 47.33, 6.18, 4.67
and 4.43 times, respectively. The single factor index was As>Cd>Pb>Zn>Cu>Cr>Ni>Hg in descending order, and
As, Cd, Pb, Zn and Cu were heavily polluted. The individual potential risk indices were Cd>As>Pb>Cu>
Zn>Hg>Ni>Cr in descending order, and the average soil RI was 2 680.40, which was a very strong ecological risk
level. The statistics showed that the enrichment centers of Cu, Zn, Cd and As were located in mining areas, Cr, Pb
and Ni were enriched in villages, mining production areas and other population activity areas, and there was no
obvious distribution pattern of Hg element. The correlation and principal component analysis showed that the
abnormal enrichment of Cu, Zn, Cd, As, Pb, Cr and Ni in soils was related to mining and human activities,
respectively, while the abnormal enrichment of Hg mainly originated from parent material weathering and soil

formation.
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Fig.1 Location of study area and sampling sites
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Table 1 Classification of potential ecological risks of heavy
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Table 2 Heavy metal concentrations in soils at the mine site mg/kg
WiH Cu Pb Zn Cr Ni cd As Hg
F/ME 13.70 50.60 96.20 5.41 5.12 0.10 29.80 0.02
RRIE 7820 18 900 19 500 649 418 545 58 500 1.11
A 442,81 1050.50 1399.69 129.36 71.39 28.40 2 992.60 0.24
it 25 1 079.40 2214.60 3211 87.87 63.25 87.28 8334.40 0.16
A R 2.44 2.11 2.29 0.68 0.89 3.07 2.79 0.67
Wi L Sl 26 27 94 68 32 0.08 14 0.09
GB 15618—2018$ri#ERR A 100 170 300 250 190 0.60 25 3.40
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Fig.2 Spatial distribution of heavy metal concentrations in soils
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Table 3 Percentage of single factor index

pollution sample points %

WS Cu Pb Zn Cr Ni Cd As Hg
Ri5H 5405 17.12 40.54 94.60 9550 19.82 0 100
BIEIGY 1892 2793 2613 450 3.60 1892 721 0
HREETSEE 451 1261 811 090 090 1081 721 0
WETSHE 2252 4234 2522 0 0 5045 8558 0
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Fig.3 Evaluation results of soil heavy metal pollution load index
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Table 4 Percentages of sites at different risk

levels in the total sample sites %

WIEASKRYS Ccu Pb Zn Cr Ni Cd As Hg
Y 84.69 84.68 97.30 100 100 25.23 26.13 100
U 991 631 270 0 0 2072 2432 0
pid 270 721 0 0 01171 1171 0
A 1.80 090 0 0 0 11.71 1081 0
e 0.90 090 0 0 0 3063 27.03 0

T X 4R i 3 F 48 RIIIE A 2 680.40,
J& TR A 2 KU K, 2S840 K, RT LY
SRR A, BE RS XA A A R X A E] T

i A 2 XU 7K, B B 40 DX ) DX A e
A 25 KB KO-, A B 5 LA 7= X R ¥ Yt e [ Ak
MY B RS (& 4), BB IE sl A A5 A7 B
e
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K Cr 5 Ni & 3 1EAH 3¢ (R>0.8, P<0.01); Cu 5§
Pb, Pb 55 Zn, Cr, Ni, Cd. As, Hg & & & 1E. M1 5¢
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Fig.4 Results of potential ecological risk assessment of soil heavy metals
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Table 5 Soil heavy metal element correlation analysis
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Table 6 Results of principal component analysis

JLE  Pb Zn Cr Ni cd As Hg

Cu 0.286** 0.934%* —0.232% —0.184  0.927** 0.930** 0.176

Pb 1 0.388%* (.507** 0.452%* 0315%* 0.313%* (.339%*
Zn 1 —0.174 —0.115  0.971%* 0.909** 0.073

Cr 1 0.832%% —0.226% —0.246** 0.146

Ni 1 —0.180 —0.197* 0.172

cd 1 0.954%* 0.082

As 1 0.207*
Hg 1

TE: **FIRTE0.0 1AM 355 *FIRTE0.0S AR KN B35

As 5 Cr 2 W A, RIIXLEHE &8 Z MAE7ER
PifEH .
242 ERSOHT

Rt —2 T RS X A S 4 JE Ok R, X 1
o 8 FhEE 4 JE TR BT E AT T, 4 KMO DL
Bartlett BRI K5 36 (KMO A 0.655, Bartlett ERIE 46 5
4 0.000), FEARF G EE IS T 3005301, 2558 W
%6

LB 3 FRAE(E, BRI RE TR E W
90.99%. 5 — FEaL4r(PC1) 5 2 Tk A 50.73%,
FEASRALHS Cu, Zn, Cd Al As JTTE, 4 FhoC K410
YIRTF 0.9, X F£H, X 4 FpocE BA &AL F
T 45 A T 4 Jm vk B 25 (] 4 A (&1 2) ml AT,
Cu, Zn, Cd fll As & HEX FESHAEN XL, H
WFIE R, As SEIABES G IR AR FOT R D, Bk T
I FE As T Y B R 2 —, I Cd — i giiA
AR Tl = JE . Tk A= 76 FH L AR AR 25 5
Zi I, Cu, Zn, Cd Fll As FERIFETH 7= R AR
SRV IE B, B PCL Al iR i5 JL i

.- TSy

PC1 PC2 PC3
Cu 0.966 0.005 —0.017
Pb 0.356 0.773 0.013
Zn 0.968 0.071 -0.162
Cr -0.272 0.883 —0.214
Ni -0.226 0.87 —0.204
cd 0.978 0.003 —0.124
As 0.972 0.009 0.024
Hg 0.185 0.418 0.881
WA FFAEE 4.058 2314 0.907
T 2 5THRR Y% 50.730 28.924 11.338
ESIW R e 50.730 79.654 90.992

S A T 22 DIl 28.92%, FEE AR G
Cr. Ni 1 Pb 2 i, 3 # oo 2 8 73 5110 0.88. 0.87.
0.77, ¥I KT 0.75; FBIX 3 Fhoe R H A HH AL E IE
P, AWF5EEM, JTE Po M Ni 5RERSHA
K, BB PR AR HOT RS, Cr FERIE T4
RSP, 256+ 3 T 4w Wk 8 25 1] 49 A3l
Cr. Ni fll Pb & 4E X FE 4040 T £ A Ja R L LA & ™
Al Az 7 XA N I %5 B2 A8 3E R Gk L X, F I T A B
Cr. Ni #l Pb F 2RI T Ml DL N A2 30 32 iy 72 N 1Y
NG B I, PC2 Rk Tolk S5 A TE V5 YLl

=T 2 TR 11.33%, Hg JUR AA
BT, A 0.88. i Hg Wk BE 43 A1 ml 1, + 4%
Hg 73 A 801 5] B B 301G, Hg e 8 HH i e 4 1
B B 2.67 1%, 55 GB 15618—2018(pH>7.5)
i o PR AE AR LE, A8 A v B AR, Fh 0 4 BT £ 48
Hg A 32 B 32 BE2 0 KUK DA B A=A s i
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